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Foreword

The Tug of War between 
Vaginal and Cesarean Births

Lucky Jain, MD, MBA
Consulting Editor

It is hard to believe that in this day and age of nanomedicine,1 regenerative medicine,2 
and other major medical advances, we are still debating the best way to deliver a baby! 
In fact, this debate has recently escalated due largely to a rapid rise in cesarean 
sections worldwide.3 The issue is arguably complex, with multiple competing interests 
and considerations. There is also the overlay of risk tolerance, as parents and clinicians 
struggle to balance the risk of transient but commonly seen complications, with the 
rare chance of a catastrophic event.

Vaginal birth after a previous cesarean (VBAC) section exemplifies this dilemma. 
After years of trying to increase the number of VBAC deliveries, many hospitals had 
all but given up on this practice, unable to meet the requirements for anesthesia 
coverage and general preparedness for an emergency cesarean section in the event 
of failed trial of labor. Meanwhile, as primary and repeat cesarean section rates 
continue to rise, scientists are sorting through the published literature to come up 
with meaningful recommendations to reverse these trends. The recent NICHD work­
shop on Trial of Labor after Previous Cesarean is an example of such an effort.4 We 
are pleased that this issue of Clinics in Perinatology is devoted to this important topic. 
Drs Landon and Signore are to be congratulated for the superb set of articles in this 
issue. These articles highlight the challenges faced by practitioners and opportunities 
for revisiting VBAC without increasing the risk to the mother or her fetus. It will remain 
to be seen if this renewed focus on VBACs will have a desired effect on cesarean 
section rates; it is also not clear if a broad set of recommendations can be applied 
to hospitals and providers in diverse settings. This discussion, however, does set 
the stage for new research into comparative effectiveness of various approaches.

Clin Perinatol 38 (2011) xiii-xiv
doi: 10.1016/j .cl p.2011.03.013 perinatology.thedinics.com
0095-5108/11/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
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Delivery After Previous Cesarean

Preface

Caroline Signore, MD, MPH Mark B. Landon, MD 
Guest Editors

Cesarean delivery rates in the United States have now reached their highest levels 
ever, accounting for almost one third of all births. The inexorable rise in cesarean deliv­
eries, especially in the last 15 years, has been fueled by a steady increase in primary 
cesareans and a sharp and persistent decrease in vaginal birth after cesarean 
(VBAC). The precise reasons behind these two trends are not entirely clear, but 
most agree that that multiple medical and societal forces are impacting choices for 
route of delivery. One thing remains certain, however: as long as these two individual 
trends continue, total cesarean delivery rates will continue to increase.

The appropriate utilization of trial of labor after cesarean (TOLAC)/VBAC has been 
a topic of much interest and debate among maternity caregivers, women, and other 
stakeholders in recent years. A key contributor to the controversy is the juxtaposition 
of maternal and fetal risks: cesarean delivery, especially multiple repeat cesareans, are 
widely recognized as carrying greater risk for maternal morbidity and mortality as 
compared to successful VBAC. On the other hand, catastrophic fetal outcomes— 
although rare in absolute terms—are more common in attempted VBAC than in sched­
uled repeat cesarean delivery. A troubling development in the care for women with 
previous cesarean has been the evolution and growth of restrictive practices and poli­
cies that limit women’s access to TOI-ACA/BAC.

It was with these concerns in mind that the National Institutes of Health held 
a Consensus Development Conference in March, 2010, to examine the evidence on 
maternal and neonatal outcomes, as well as the complex constellation of other factors 
affecting VBAC utilization, and to reach evidence-based consensus on the appropriate 
place for VBAC as a childbirth option. At the conclusion of the two and a half day 
conference, an objective panel of experts issued its consensus statement, affirming 
that a trial of labor remains a reasonable option for many women with a prior cesarean 
delivery and that access to TOLACA/BAC requires additional attention.

In this issue of Clinics in Perinatology, our goal has been to present to a wide audi­
ence a thorough consideration of the issues facing clinicians and women contem­
plating delivery after prior cesarean. First, data on trends and patterns of VBAC 
utilization and access are presented. A number of articles then examine the multiple 
health system and ethical issues that impact the availability and use of TOLAC and

Clin Perinatol 38 (2011) xv-xvi
doi:10.1016/j.clp.2011.03.014 perinatology.thedinics.com
0095-5108/11/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
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VBAC. VBAC success rates are discussed, along with care practices that obstetri­
cians and midwives employ that influence success rates and various outcomes. The 
serious potential complications on both sides of the issue—uterine rupture in TOLAC 
and disorders of placental implantation with multiple cesareans—are reviewed. 
Finally, short- and long-term maternal, fetal, and child outcomes are examined.

It is our hope that readers will gain insight and understanding of the complex 
medical issue of delivery after previous cesarean and that these insights will be helpful 
to practitioners, women, and health care institutions and organizations as they engage 
in dialogue and decision-making concerning this issue.

Caroline Signore, MD, MPH 
Pregnancy and Perinatology Branch 

Eunice Kennedy Shriver National Institute of 
Child Health and Human Development 

Bethesda, MD 20892, USA

Mark B. Landon, MD 
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Ohio State University College of Medicine 

Columbus, OH 43210, USA
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signorec@mail.nih.gov (C. Signore) 
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Recent Trends and 
Patterns in Cesarean 
and Vaginal Birth 
After Cesarean 
(VBAC) Deliveries 
in the United States
Marian MacDorman, phDa'*, Eugene Declercq, PhDb, 
Fay Menacker, DrPH, cpnpc

KEYWORDS

• Cesarean delivery • Primary cesarean
• Vaginal birth after cesarean • VBAC • United States
• International comparisons

In 2008, approximately 1.4 million women in the United States had a cesarean delivery, 
representing 32.3% of all births.1 Cesarean delivery continues to be the most common 
major surgical procedure for women in the United States.2 In addition, because of 
increases in primary cesarean delivery, an increasing number of US women approach 
birth having already had at least 1 previous cesarean delivery.3 This article examines the 
trends and patterns in total, primary, and repeat cesarean deliveries, in vaginal birth 
after cesarean (VBAC), and in the percentage of women who have had a prior cesarean.

METHODS

Data on the method of delivery used in this article are as reported on the more than 
4 million birth certificates filed each year in the United States and compiled by the 
National Center for Health Statistics. Data on cesarean delivery became available 
from birth certificates in 1989, and by 1991, all US states were reporting this information.
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(All states but Oklahoma reported this information in 1990.) Before 1989, data from the 
National Hospital Discharge Survey were used to track the trends in cesarean delivery.4 
The 2008 preliminary birth data (summary statistics)1 and the 2007 final birth data 
(detailed characteristics)3 were the latest data available at the time of manuscript 
preparation.

Revision of the US Standard Certificate of Live Birth

Beginning in 2003, some states began adopting the 2003 revision of the US Standard 
Certificate of Live Birth (revised). Although both revised and unrevised birth certificates 
contain information on the method of delivery, the format and wording of the method 
of delivery item is different between revised and unrevised birth certificates. Data on 
total cesarean delivery is comparable between the 2 revisions and is available for 
the United States as a whole throughout the period.3,5-7 However, data on whether 
a woman has had a prior cesarean delivery is not comparable between the 2 revisions, 
which has the potential to affect several cesarean delivery measures.3,6,7

For 2003 and 2004 data, only a few states had revised their birth certificates, and 
national estimates on VBAC and primary and repeat cesarean deliveries were 
produced based primarily on unrevised birth certificate data.5 However, beginning 
with 2005 data, it is not possible to produce comparable national estimates for primary 
and repeat cesarean deliveries, and VBAC rates and thus subnational estimates must 
be used.3,6,7 For example, in 2007, revised data on VBAC and primary and repeat 
cesarean deliveries are available for 22 states, representing 53% of US births, 
including California, Colorado, Delaware, Florida, Idaho, Indiana, Iowa, Kansas, 
Kentucky, Nebraska, New Hampshire New York State (excluding New York City), 
North Dakota, Ohio, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas, 
Vermont, Washington, and Wyoming.3 Results for this 22-state area are not generaliz­
able to the United States as a whole because they are not a random sample of all 
births. In particular, Mexican women are overrepresented in these data, whereas 
non-Hispanic white and non-Hispanic black women are underrepresented.8 Therefore 
the trend data on US VBAC rates presented in Fig. 1 ends in 2004.

Computation of Measures and Analytic Methods

Cesarean delivery measures are computed as shown in Table 1. Briefly, the total 
cesarean rate is the percentage of cesarean births out of all births in a given year. 
The primary cesarean rate is the percentage of cesarean births to women who have 
not had a previous cesarean delivery. The repeat cesarean rate is the percentage of 
cesarean births to women who have had a previous cesarean delivery. The rate of 
VBAC is the complement of the repeat cesarean rate and is the percentage of vaginal 
births to women who have had a previous cesarean delivery. Another important 
measure is the percentage of women with a prior cesarean delivery, which is the 
number of births to women with a prior cesarean delivery divided by the total number 
of live births. This measure represents the population of women who are eligible for 
either a repeat cesarean delivery or a VBAC. This measure may be computed for 
the total population or for women with at least 1 prior live birth.

The various cesarean delivery measures were analyzed by maternal age, maternal 
race/ethnicity, maternal education, birthplace of the mother, live birth order (number 
of previous live births plus the index birth), plurality, trimester of pregnancy when 
prenatal care began, and state. VBAC rates were also calculated by the number of 
prior cesarean deliveries.

For the birth attendant and place of delivery variables, the percentage of VBACs per 
100 total births was computed. This measure indicates the prevalence of VBACs
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Recent Trends in Cesarean and VBAC Deliveries 181

Fig. 1. US total cesarean rate 1990-2008 and the primary cesarean and VBAC rates 1990-2004. 
(Data from the National Vital Statistics System, Natality Data File.)

among women giving birth. This alternative measure is used because the standard 
denominator for VBAC rates (VBACs + repeat cesarean deliveries) is not useful for 
the measurement of midwife-attended births or home births because cesarean deliv­
eries performed by midwives nor do they occur at home.

RESULTS
Trends

In 2008, nearly one-third (32.3%) of US babies were delivered by cesarean, the highest 
rate ever reported in the United States.1 The total cesarean rate has increased by 56%

Table 1 
Computation of cesarean measures

Total 
cesarean 
rate

Total number of births by cesarean
--------------- 1------- :-------,, ■ ,-----------x 100Total number of births

Primary 
cesarean 
rate

Numberof cesarean births to women with no previous cesarean delivery 
Number of primary cesarean births + number of vaginal births (not VBACs)

Repeat 
cesarean 
rate

Number of cesarean births to women with a previous cesarean delivery----------------------------------------------- ;---------------!---------------- ;-------------------  X 100
Number of VBACs + number of repeat cesarean births

VBAC rate Number of vaginal births to women with a previous cesarean delivery „ 100 
Number of VBACs + number of repeat cesarean births

Percentage Number of births to women who had a prior cesarean delivery
---------------------------------- -------- •-------,, . ,---------------------------- -  x 100

ot women Total number of births
with a prior 
cesarean 
delivery
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from 20.7% of births in 1996. The total cesarean rate increased dramatically during the 
1970s and the early 1980s and then began to decline in the late 1980s (based on data 
from the National Hospital Discharge Survey).4,9 Between 1990 and 1996, the total 
cesarean rate decreased as a result of a decrease in the primary cesarean rate and 
an increase in the VBAC rate (see Fig. 1).3,5-7,9 Since 1996, these trends have reversed, 
and both primary and repeat cesarean rates have increased over the past decade.1,3

The primary cesarean rate increased from 14.6% of births in 1996 to 20.6% of births 
in 2004, an increase of 41 %.5 The primary cesarean rate continued to increase from 
2004 to 2007 for states with both revised and unrevised birth certificates, and in 
2007, the primary cesarean rate was 23.4% for the 22-state reporting area (states 
that had adopted the revised certificate).3,6,7 In comparison, the primary cesarean 
rate for the 22-state area was 21.1 % in 2004 and 14.5% in 1996.

The VBAC rate increased rapidly in the late 1980s and the early 1990s, peaking at 
28.3% in 1996. Since 1996, the VBAC rate has decreased to 9.2% in 2004, a 67% 
decline from the peak in 1996.5 The VBAC rate continued to decline from 2004 to 
2007 for both revised and unrevised reporting areas, and in 2007, the VBAC rate 
was 8.3% for the 22-state area revised states.3,6,7 In comparison, the VBAC rate for 
the same 22-state area was 8.6% in 2004 and 27.3% in 1996.

The percentage of births to mothers with a prior cesarean delivery was relatively 
stable during the 1990s, fluctuating between 10.5% and 10.8% (Fig. 2). Beginning 
in 1999, the percentage of births to mothers with a prior cesarean delivery increased 
from 10.6% births in 1999 to 12.1% in 2004, a 14% increase. This percentage 
continued to increase from 2004 to 2007 for both revised and unrevised states. In 
2007, the percentage of births to women with a prior cesarean delivery was 12.9% 
for the 22-state reporting area (Table 2), compared with 12.0% in 2004 and 10.8% 
in 1996 for the same 22-state area. The total percentage of births to women with a prior 
cesarean delivery is useful for illustrating the effect of prior cesarean delivery on a pop­
ulation as a whole. However, a more precise indicator of the population at risk of 
having had a prior cesarean delivery is women who have had a prior live birth. In

Fig. 2. Percentage of births to women with a prior cesarean delivery in United States for 
1990-2004. (Data from the National Vital Statistics System, Natality Data File.)

Aku
sh

er
-L

ib.
ru



Recent Trends in Cesarean and VBAC Deliveries 183

2007, 21.3% of women with a prior live birth in the 22-state area had had a previous 
cesarean delivery.

Cross-Sectional Analysis of 2007 Data from 22 States

Table 2 presents total and primary cesarean rates, VBAC rates, and the percentage of 
births to women with a prior cesarean delivery by selected characteristics for the 22 
revised states, representing 53% of US births. The total cesarean rate for the 22-state 
area was 32.3%, just 1 % higher than the rate for the United States as a whole in 2007 
(31.8%). Although the 22-state area is not representative of the United States as 
a whole, total cesarean rates by the characteristics shown in Table 2 were quite similar 
between the 22-state area and the United States as a whole (data not shown).

Maternal age
The total and primary cesarean rates and the percentage of births to women with 
a prior cesarean delivery increased with increasing maternal age. Nearly one-fourth 
(23.1%) of teenaged mothers had a cesarean delivery, compared with nearly half 
(47.2%) of mothers aged 40 to 44 years and more than half (58.4%) of mothers 45 
years and older. The primary cesarean rate for teenaged mothers was 21.0, compared 
with a rate of 49.3 for mothers 45 years and older. The percentage of births to women 
with a prior cesarean delivery increased from 3.1 % for teenaged mothers to 21.8% for 
mothers aged 40 to 44 years. About 20.4% of mothers aged 45 years and older had 
had a prior cesarean delivery. In contrast, the VBAC rate showed little systematic 
pattern by maternal age. The VBAC rate varied from 7.5% to 8.5% for all age groups, 
except for women aged 45 years and older who had a lower VBAC rate (5.9%).

Maternal race/ethnicity
The variation in cesarean rates by maternal race/ethnicity was much smaller than the 
variation by maternal age. The total cesarean rate was lower than the national average 
for American Indian (29.2), Mexican (30.7), and Asian or Pacific Islander (31.9) 
mothers, close to the national average for non-Hispanic white (32.1) mothers and 
higher than the national average for Central or South American (33.2), Puerto Rican 
(33.9), and non-Hispanic black (34.3) mothers. For Cuban mothers, the total cesarean 
rate was 50.8, the highest rate among the race and ethnic groups, due mostly to a high 
primary cesarean rate (43.0). In general, patterns for the primary cesarean rates 
mirrored those for the total cesarean rate.

The VBAC rate was lowest for Cuban (2.0) and Central or South American (6.3) 
women and highest for non-Hispanic black (9.9) and American Indian (10.0) women.

The percentage of births to women with a prior cesarean delivery was lowest for 
Asian or Pacific Islander (12.0) and non-Hispanic white (12.1) women and highest 
for Mexican (14.8) and Cuban (14.2) women.

Maternal education
Both total and primary cesarean rates were highest for women who had attended 
college and lowest for women with less than a high-school diploma. In contrast, the 
VBAC rates were highest for women with less than a high-school diploma (9.1 %) 
and lowest for women who had attended college (7.9%). There was little variation in 
the percentage of births to women with a prior cesarean delivery by maternal 
education.

Birthplace of the mother
There was little variation in the total cesarean rate by the birthplace of the mother. 
However, the primary cesarean rates were higher for mothers born in the 50 states
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Total and primary cesarean rates, VBAC rates, and percentage of births to women with a prior 
cesarean delivery by selected characteristics in 22 states in 2007

Total 
Cesarean 
Rate’

Primary 
Cesarean 
Rateb

VBAC 
Rate0

Percentage of Births 
to Women with a Prior 
Cesarean Delivery11

Total 32.2 23.4 8.3 12.9

Maternal aqe
<20 y 23.1 21.0 8.4 3.1

20-24 y 27.9 21.0 7.5 9.6

25-29 y 31.1 22.2 8.7 12.9

30-34y 36.1 24.9 8.5 16.7

35-39 y 42.4 29.4 8.0 20.7

40-44y 47.2 34.9 8.3 21.8

>45 y 58.4 49.3 5.9 20.4

Maternal race/ethnicity
Non-Hispanic white 32.1 23.9 8.4 12.1

Non-Hispanic black 34.3 25.6 9.9 13.5

American Indian 29.2 20.1 10.0 13.0

Asian or Pacific Islander 31.9 23.8 8.0 12.0

All Hispanics8 31.8 21.6 7.4 14.4

Mexican 30.7 20.0 7.8 14.8

Puerto Rican 33.9 24.9 8.2 13.5
Cuban 50.8 43.0 2.0 14.2

Central or South American 33.2 24.2 6.3 12.9

Maternal education
Less than high-school 

graduate
28.5 19.1 9.1 13.0

High-school graduate 
or GED completed

31.2 22.3 8.2 12.8

Some college 34.6 26.0 7.9 13.0

Birthplace of the mother
Born in the 50 states 

and Washington, DC
32.3 23.9 8.1 12.4

Born outside the 
50 states and 
Washington, DC

32.2 22.1 8.4 14.5

Live birth order
1 31.9 31.8 n/a n/a

2 34.0 17.1 6.1 22.0

3 32.1 15.5 8.3 21.8

4 29.7 15.2 12.5 20.1

5+ 27.4 15.2 18.9 18.6

Plurality
Single 30.8 21.8 8.5 12.9

Twin 75.4 71.7 2.9 14.6

Triplet/+ 94.6 94.1 1.5 12.4
(continued on next page)
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Abbreviation: GED, general educational development.
a Number of cesareans per 100 total births; see Table 1 for definitions.
b Number of primary cesareans per 100 births to women with no prior cesarean delivery. 
c Number of VBACs per 100 women who had a prior cesarean delivery.
d Number of births to women with a prior cesarean delivery per 100 total births.
e Includes other Hispanic origin and unknown Hispanic origin not shown separately. 
Data from the National Vital Statistics System, Natality Data File.

Table 2 
(continued}

Total 
Cesarean 
Rate3

Primary 
Cesarean 
Rateb

VBAC 
Rate*

Percentage of Births 
to Women with a Prior 
Cesarean Delivery*1

Trimester when prenatal care began

First 33.5 24.5 7.3 13.2

Second 29.7 21.1 9.9 12.4

Third 28.3 19.5 11.6 12.7
No prenatal care 26.7 20.5 18.3 10.4

and Washington, DC (23.9), compared with mothers born outside the 50 states and 
Washington, DC (22.1). In contrast, the VBAC rates were slightly lower for mothers 
born in the 50 states and Washington, DC (8.1 %), compared with mothers born else­
where (8.4%). A lower percentage of mothers born in the 50 states and Washington, 
DC had had a prior cesarean delivery (12.4%), compared with mothers born elsewhere 
(14.5%).

Live birth order
About 31.9% of mothers having their first live birth had a cesarean delivery. Cesarean 
rates were highest (34.0) for mothers having their second live birth and then gradually 
declined for mothers having their third (32.1), fourth (29.7), or fifth or greater (27.4) live 
birth.

Compared with mothers having their first live birth, primary cesarean rates were 
46% lower for mothers who had successfully had 1 prior vaginal delivery (17.1), and 
declined further for women who had had 2 (15.5) or 3 or more (15.2) prior vaginal deliv­
eries (see Table 2). In contrast, the VBAC rates were lowest (6.1 %) for women having 
their second live birth, but increased sharply with increasing birth order. For example, 
compared with women having their second live birth, the VBAC rate was double for 
women having their fourth live birth (12.5) and triple for women having their fifth or 
higher order live birth (18.9). The percentage of births to women with a prior cesarean 
delivery was highest for women having their second live birth (22.0%) and declined 
thereafter with increasing live birth order.

Plurality
Cesarean rates were higher for multiple births than for single births. About 30.8% of 
single births were cesarean deliveries, compared with 75.4% for twins and 94.6% 
for triplet or higher order births. Primary cesarean rates followed a similar pattern. 
The VBAC rates were lower for women with multiple pregnancies, 8.5% for singletons, 
compared with 2.9% for twins and 1.5% for triplet or higher-order pregnancies.

Trimester of pregnancy when prenatal care began
Total cesarean rates were higher for women who began prenatal care in the first 
trimester of pregnancy (33.5) and lowest for women with no prenatal care (26.7).
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Patterns were similar for primary cesarean rates. Women who began prenatal care in 
the first trimester were more likely to have had a prior cesarean (13.2%) compared with 
women beginning care in the second (12.4%) or third (12.7%) trimester or those with 
no prenatal care (10.4%). In contrast, the VBAC rates were lowest for women who 
began prenatal care in the first trimester of pregnancy (7.3) and increased for women 
beginning care in the second (9.9) or third (11.6) trimester or those with no prenatal 
care (18.3).

Number of prior cesarean deliveries
VBAC rates declined as the number of previous cesarean deliveries increased. The 
VBAC rate was 10.1% for women with 1 prior cesarean delivery compared with 
3.2% for women with 2 prior cesarean deliveries and 2.8% for women with 3 or 
more prior cesarean deliveries (Fig. 3).

Place of delivery and birth attendant
The percentage of total births that were VBACs was higher for home births than for 
hospital births. In 2007, in the 22-state area, 3.6% of home births were VBACs 
compared with 1.6% of birthing center births and 1.0% of hospital births. Home births 
comprised 0.7% of all live births and 2.2% of VBACs. Patterns were similar when data 
were examined by birth attendant. In 2007, for the 22-state area, 1.4% of births 
attended by certified nurse midwives were VBACs compared with 2.5% of births 
attended by other midwives and 1.0% of births attended by physicians.

State
There were large differences in the various cesarean delivery measures by state for the 
22 states reporting revised method of delivery data in 2007 (Table 3). Total cesarean 
rates varied from a low of 23.8% for Idaho to a high of 37.2% for Florida, and primary 
cesarean rates varied from a low of 16.3% for Idaho to a high of 28.6% for Florida. 
VBAC rates varied from a low of 4.7% for California to a high of 19.4% for Vermont. 
The percentage of births to women with a prior cesarean delivery varied from a low 
of 9.3% in Colorado and New Hampshire to a high of 15.6% in New York State 
(excluding New York City).

For 13 of the 22 states, lower-than-average total and primary cesarean rates were 
associated with higher VBAC rates and a lower percentage of births to women with 
a prior cesarean (Colorado, Idaho, Indiana, Iowa, Kansas, New Hampshire, North 
Dakota, Ohio, Pennsylvania, South Dakota, Vermont, Washington, and Wyoming). In 
contrast, in Florida and New York State (excluding New York City), higher total and 
primary cesarean rates were associated with lower VBAC rates and a higher

Fig. 3. VBAC rate by number of previous cesareans for 22 states in 2007. (Data from the 
National Vital Statistics System, Natality Data File.)
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«■■■I»»»»
Total and primary cesarean rates, VBAC rates, and percentage of births to women with a prior 
cesarean delivery by state for 22 revised states for 2007

State
Total 
Cesarean Rate

Primary 
Cesarean Rate VBAC Rate

Percentage of Births 
with a Prior Cesarean

Total 32.2 23.4 8.3 12.9

California 32.1 21.4 4.7 14.4

Colorado 25.8 19.9 16.2 9.3
Delaware 31.9 21.3 9.8 15.3

Florida 37.2 28.6 5.5 13.0

Idaho 23.8 16.3 14.3 10.7

Indiana 29.3 22.4 9.7 10.2

Iowa 29.4 21.3 9.3 11.7

Kansas 29.8 21.4 9.6 12.2
Kentucky 34.6 26.3 5.7 12.3

Nebraska 30.9 21.5 7.9 13.3

New Hampshire 29.5 23.6 12.7 9.3

New York State (excluding 35.5 24.9 7.4 15.6
New York City)

North Dakota 28.3 19.9 10.6 12.1

Ohio 29.8 22.0 12.4 11.9

Pennsylvania 30.0 22.3 13.8 11.9
South Carolina 33.4 25.1 10.0 12.7

South Dakota 26.6 18.4 14.2 12.3

Tennessee 33.3 25.4 9.5 12.1

Texas 33.7 25.0 9.3 13.3

Vermont 26.9 19.6 19.4 12.0

Washington 28.9 22.0 12.6 10.5

Wyoming 26.6 18.2 8.7 11.5

Data from the National VitalStatistics System, Natality Data File.

percentage of births to women with a prior cesarean delivery. Other states showed a 
mixed pattern (California, Delaware, Kentucky, Nebraska, South Carolina, Tennessee, 
and Texas).

International Comparisons

Among 26 industrialized countries that provided data to the Organization for Economic 
Cooperation and Development, cesarean rates ranged from a low of 14% for the 
Netherlands to a high of 40% for Italy in 2007 (Fig. 4).10 The total cesarean rate in 
the United States (32%) was higher than the rate for 22 countries. Only 3 countries 
had rates that were higher than the US rate. When compared with the US rate, the 
Canadian rate was 16% lower, the rate for the United Kingdom was 25% lower, the 
French rate was 38% lower, and the Dutch rate was 56% lower.

VBAC rates for selected industrialized countries in 2004 are shown in Fig. 5. These 
data were largely drawn from the European Perinatal Health Report,3'11'12 and VBAC 
data were not available for many of the countries that reported information on total 
cesarean rates (see Fig. 4). The US has the lowest VBAC rate among the 14
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Fig. 4. Total cesarean rate for selected industrialized countries in 2007. (Data from Orga­
nization for Economic Cooperation and Development. OECD health data. 2010. Available 
at: http://www.ecosante.org/index2. ph p?base5OCDE&la ng h5E NG&langs5 ENG Ssession id. 
Accessed October 25, 2010.)

industrialized countries. In fact, the US VBAC rate is less than half the rate for the next 
lowest country (Lithuania). The VBAC rate for France is nearly 4 times the US rate, the 
rate for Germany is 4.5 times the US rate, the rate for Sweden is 5 times the US rate, 
and the rate for the Netherlands, the country with the highest VBAC rate, is more than

United States
Lithuania 

Canada 
Estonia 

Slovenia 
Scotland 

France
Denmark 
Germany 

Czech Republic 
Sweden 
Finland 
Norway 

Netherlands

Fig. 5. VBAC rates for selected industrialized countries in 2004. (Data from European Peri­
natal Health Report for European data, Statistics Canada for Canadian data, National Center 
for Health Statistics for US data.)
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6 times the US rate. In fact, in the Netherlands, Norway, and Finland, more than half of 
births to women with a prior cesarean delivery are VBACs.

DISCUSSION

The total cesarean rate increased by 56% from 20.7% of births in 1996 to nearly one- 
third (32.3%) of US births in 2008, the highest rate ever recorded in the United 
States.1,3 The recent increase in the total cesarean rate is because of both an increase 
in the primary cesarean rate and a decrease in the VBAC rate. In 2007, only 8.3% of 
women with a prior cesarean delivery had a VBAC in a 22-state area. Thus, a first 
cesarean delivery now virtually guarantees that subsequent deliveries will be cesarean 
deliveries. As both primary and repeat cesarean deliveries have become more 
common, the percentage of women with a prior cesarean delivery has also increased. 
In 2007 21.3% of women with a prior live birth had had a previous cesarean delivery in 
a 22-state area, which suggests that further increases in the cesarean rate are likely.

Strengths of the birth certificate data to track trends in cesarean delivery include the 
comprehensive population-based nature of these data, which include all births in the 
United States for a given year. Most demographic items and some medical items 
(including live birth order and method of delivery) are considered to be well 
reported.13,14 A major limitation of the study is the lack of comparability of the item 
on previous cesarean delivery between the unrevised and revised birth certificate 
data. Because of this limitation, data on primary cesarean, VBAC, and percentage 
of prior cesarean births are not available for the United States as a whole after 
2004. Instead, the 2007 data for these variables were examined for the 22 states (rep­
resenting 53% of US births) that had revised their birth certificates as of January 1, 
2007. Although this 22-state area is not representative of the United States as a whole, 
it contains states from all regions of the country, and total cesarean rates by charac­
teristics are similar to those for the United States as a whole.

Cesarean trends as a whole may have been influenced by the changes in practice 
guidelines and by the publication of key articles in major research journals. However, 
these factors have had a greater influence on the VBAC rates, which increased from 
1989 to 1996, and then declined from 1996 onwards, thus representing 2 major shifts 
in the practice of American obstetrics within a relatively short period. Fig. 6 illustrates 
the VBAC trends by month and the timing of notable publications. A series of studies 
by Flamm and colleagues15’16 in the 1980s provided some of the early support for 
attempting trials of labor for women with repeat cesareans and the American College 
of Obstetricians and Gynecologists (ACOG)-issued guidelines encouraging VBAC in 
the 1980s likely contributing to the rising rate seen in the early 1990s.17

The major shift in trend occurred in 1996 following the publication of an article in the 
New England Journal of Medicine by McMahon and colleagues18 that found higher 
rates of hysterectomy and uterine rupture in the trial of labor group compared with 
elective repeat cesarean in their Nova Scotia database. In October 1998, the ACOG 
issued new guidelines on VBAC that included a section based on level C evidence 
(expert opinion) calling for VBACs only “...in institutions equipped to respond to emer­
gencies with physicians readily available.”19 After 9 months, in July 1999, the ACOG 
reissued the VBAC guidelines changing the word “readily,” to “immediately,”20 and 
the word “immediately” is still used in an August 2010 reissue of the guidelines, 
although with some qualifications.21 In July 2001, an article was published on the 
use of induction in trials of labor, accompanied by an editorial that concluded that 
elective repeat cesareans were “unequivocally” safer for infants.22’23 This article and 
editorial received widespread publicity and seemed to have an effect on the US
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1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Fig. 6. VBAC rate by month, United States, 1990-2004. (Data from the National Vital Statis­
tics System, Natality Data File.)

VBAC rates. In June 2001, the month before their publication, the national VBAC rate 
was 17.6%. By August 2001, the rate was down to 14.9%, a 15% decline in only 2 
months, and by December, it had fallen to 13.4%, a 24% drop in 6 months.

In December 2004, a study by Landon and colleagues,24 the largest multicenter 
study of trial of labor compared with elective cesarean, was published in the New 
England Journal of Medicine. The investigator found low rates of symptomatic 
uterine rupture (0.7%), fewer differences between outcomes, and low absolute risks 
for poor outcomes associated with VBACs. Although national data on VBAC rates 
have not been reported since 2004, there seems to be little evidence that the article 
by Landon and colleagues had any effect in terms of increasing or decreasing the 
VBAC rates.

Both total cesarean and VBAC rates varied by characteristics of the mother and the 
pregnancy. Cesarean rates were higher for older women, non-Hispanic black and 
Cuban women, women with some college education, women having multiple births, 
and women with early prenatal care. The VBAC rates were lower for Hispanic and 
Asian or Pacific Islander women, women aged 45 years and older, women having 
multiple births, women with early prenatal care, and women who attended college. 
The higher VBAC rates for women with late or no prenatal care suggest that not all 
VBACs are planned.

Although some researchers have expressed concerns about the safety of VBACs in 
a hospital setting,18,23 in 2007, there were 540 home VBACs in the 22-state area. Of 
these VBACs, 394 were identified as planned home VBACs, 52 were unplanned, 
and for 94, the planning status was unknown. The number of home VBACs has 
been increasing in recent years among states with revised and unrevised birth certif­
icates (data not shown). In 2003, 664 births in the United States as a whole were home 
VBACs. In 2007, VBACs comprised 3.9% of planned home births, compared with 
1.0% of hospital births. It is possible that recent hospital policies limiting or prohibiting 
VBACs25 have led some women to choose a home VBAC.

In 2007, the cesarean delivery rate ranged from a low of 14% in the Netherlands to 
a high of 40% in Italy. The US cesarean rate (32%) was higher than the rate for 22
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countries but was lower than the rate for 3 countries. In 2004, the US VBAC rate (9%) 
was lowest among 14 industrialized countries; 3 countries had VBAC rates greater 
than 50%. In 1985, the World Health Organization stated that a cesarean rate of 
15% may be reasonable for most populations.26 Although controversy over the ideal 
level continues,27 a recent international study found a decrease in maternal mortality 
associated with increases in cesarean rates of up to 15%. However, for countries with 
cesarean rates greater than 15%, higher cesarean rates were correlated with higher 
maternal mortality rates.28 A second study for Latin America found similar results.29 
These data add to the increasing body of research on trends in method of delivery 
both in the United States and in other countries. Given the low rate of VBAC delivery, 
these data suggest that a woman who has a first cesarean delivery in the United States 
is unlikely to have a subsequent vaginal delivery.
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In March 2010, the National Institutes of Health (NIH) convened a Consensus Devel­
opment Conference to advance understanding of both medical and nonmedical 
factors contributing to the rapidly falling rate of vaginal birth after cesarean (VBAC).1 
The rate of VBAC, defined as the proportion of women with prior cesarean delivery 
who deliver vaginally, steadily increased from 1989 (18.9%) to 1996 (28.3%), but 
has been decreasing each year since then, to 8.3% in 2007 (Fig. 1).2 Gregory and 
colleagues3 examined trends in trial of labor after cesarean (TOLAC) rates from data 
from the Nationwide Inpatient Sample (NIS) for the years 2000, 2003, and 2005, 
drawing on previously described methods for calculating these rates from
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Fig. 1. Rates of total cesarean deliveries, primary cesarean deliveries, and VBAC, 1989 to 
2007. (Data from the National Center for Health Statistics. NIH Consensus Development 
Conference on Vaginal Birth After Cesarean: New Insights; 2010. Bethesda (MD); with 
permission.)

administrative data.4 The VBAC rate (as defined earlier), decreased from 28.2% to 
13.8% to 10.3% across these years. Simultaneously, TOLAC rates (attempts/all 
priors) decreased from 40.9% to 21.5% to 17.0%, with VBAC success rates (VBAC/ 
all attempts) decreasing less dramatically at 69.1%, 64.0%, and 60.3%.

These rate decreases associated with VBAC have been accompanied by a rapid 
increase in cesarean delivery (to 31.8% in 2007), and include increases in both primary 
and repeat cesareans.2 Rate decreases are also evident for instrumental deliveries. At 
4.3% in 2007, instrumental delivery reached its lowest rate ever, with use of forceps 
decreasing to 0.8% and vacuum extraction to 3.5%.2 This compares with 1990, when 
approximately 1 in 20 infants was delivered with the assistance of forceps, and 1 in 25 
delivered with vacuum assistance. Although data from the National Hospital Discharge 
Survey (NHDS) suggest that forceps and vacuum delivery may be underreported on the 
birth certificate, NHDS and birth certificate data have shown similar trends since 1990.5

In the intervening years since the first NIH conference on cesarean childbirth in 
1981,6 the risks to performing VBAC have not substantially changed: VBAC is success­
ful 60% to 80% of the time, and it is associated with uterine rupture about 1 % of the 
time.7-9 After a succession of both independent and collaborative studies, and multiple 
meta-analyses, the absolute risks to both mother and fetus continue to seem to be 
low,10 supporting the conference’s conclusion that a trial of labor is a reasonable 
option for many pregnant women with 1 prior low, transverse uterine incision.1

The most recent Practice Bulletin from the American Congress of Obstetricians and 
Gynecologists (ACOG) regarding VBAC summarizes multiple studies in the last 
decade, comparing immediate maternal and neonatal morbidity and mortality from 
elective repeat cesarean delivery (ERCD) with trial of labor after 1 prior cesarean, and 
shows that, although all risks are low, the different delivery methods show a trade-off 
in risk for the mother versus the fetus. This trade-off makes the risk comparison difficult, 
as does the overall lack of ability to predict the future maternal consequences associ­
ated with complications of multiple cesarean deliveries such as hysterectomy, bowel or 
bladder injury, transfusion, infection, and abnormal placentation.

In a hypothetical cohort of 100,000 women, Guise and colleagues11 summarized the 
numbers of maternal deaths, uterine ruptures, and perinatal deaths expected from
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ERCD versus TOLAC, showing that ERCD is associated with slightly more maternal 
deaths, and TOLAC with more perinatal deaths (Table 1).

Table 1 suggests a 2.7-fold increased relative risk of perinatal deaths for TOLAC 
versus ERCD, but because of the low perinatal death probability, the number needed 
to treat is 1205 (95% confidence interval [Cl] 906-1759), which is the number of ERCD 
required to prevent 1 perinatal death in a patient having TOLAC. For maternal deaths, 
the relative risk is 3.3 for ERCD versus TOLAC, but the number needed to treat is 
11,111 (95% Cl 5855-108,778), meaning that more than 10,000 trials of labor would 
be required to prevent 1 maternal death from ERCD.

Given the low absolute risks of TOLAC, the general consensus within the obstetric 
community is that attempting VBAC remains a safe option. In most cases, women with 
1 previous cesarean delivery with a low, transverse incision are candidates for, and 
should be offered, a trial of labor. However, despite this well-established evidence 
and general consensus regarding risk, why do VBAC rates continue to decline? This 
disparity directs attention to the importance of a much wider societal or nonclinical 
context for VBAC, and it is within this context that potential causal factors for this 
decline must be explored, and potential solutions discovered. Guided by previous 
exhaustive work examining this societal context of VBAC,1213 this article considers 
5 general categories of factors that seem to be influencing VBAC rates:

• Opinion leaders and professional guidelines
• Hospital facilities and cesarean availability
• Reimbursement for providing a trial of labor
• Medical liability
• Patient-level factors.

OPINION LEADERS AND GUIDELINES

There is some high-quality evidence that professional leadership in the obstetric 
community affects the use of cesarean and VBAC delivery. This influence seems to 
be operative at both local and national levels. In their systematic review, Kramer 
and colleagues12 examined interventions designed to increase VBAC at the organiza­
tional level, and noted that the introduction of guidelines or policies to modify rates of 
delivery outcomes (typically to increase rates of TOLAC and VBAC) appeared effec­
tive. Lomas and colleagues14 in 1991 also provided strong evidence that opinion 
leaders had a greater likelihood of changing practice compared with using audit 
and feedback. Two other studies,15,16 completed before 1996, tracked VBAC rates 
and suggested that national guidelines did affect practice. After 1996, when the 
VBAC rate started to decline, there are scattered reports of continued efforts to 
promote VBAC, such as that of Misra17 in 2008, who described a program to 
encourage VBAC in a Medicaid population.

Numbers of serious complications associated with TOLAC delivery versus ERCD in 
a hypothetical cohort of 100,0000 women, using statistically significant pooled risk estimates

Outcome TOLAC Delivery ERCD

Maternal deaths 4 13
Uterine rupture 468 26

Perinatal deaths 133 50

Data from Guise JM, Denman MA, Emeis C, et al. Vaginal birth after cesarean: new insights on 
maternal and neonatal outcomes. Obstet Gynecol 2010; 115(6): 1276.
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Anecdotally, there is a generally accepted historical description of events that 
appeared to influence VBAC rates. In 1980, in response to the tripling of the cesarean 
delivery rate from 5% to 16.5% in the previous decade, the NIH sponsored a confer­
ence on cesarean childbirth, and recommended that “in hospitals with appropriate 
facilities, services, and staff for prompt emergency cesarean birth, a proper selection 
of cases should permit a safe trial of labor and vaginal delivery for women who have 
had a previous low segment transverse cesarean birth.”6 They attributed 25% to 
30% of the cesarean rate increase to repeat cesarean delivery, and looked to 
a growing body of literature documenting the relative safety of VBAC.

The most prominent concern regarding VBAC has always been the potential for the 
existing uterine scar to open, or rupture, during labor.18 Such disruption may result in 
the disruption of the placenta, and cause fetal-maternal hemorrhage, which may lead 
to hypoxia, cardiovascular collapse, and brain injury or death in the fetus if not delivered 
promptly.19 The incidence of uterine rupture in women with a prior scar is estimated to be 
slightly less than 1 %,13 but the immediacy of the response required, and the potential for 
permanent neurologic injury to the fetus, require caregivers to be extremely vigilant.

The publication of the NIH report encouraged extensive research activity regarding 
VBAC and, in the next decade, professional and public policy shifted to a wide accep­
tance of VBAC as a major component of strategies to avoid cesarean delivery.20 In 
1982, ACOG, responsible for setting national guidelines for the profession, issued 
its first publication on VBAC, acknowledging that, with careful selection of patients 
with previous low segment transverse uterine incisions and with proper facilities and 
staff, an attempt at vaginal delivery appeared to be an acceptable option.21 According 
to Zinberg,20 writing from his position as the Vice President of Practice Activities for 
ACOG, this guideline recommended that a “responsible physician who is capable of 
evaluating labor and performing a cesarean delivery should be in-house and immedi­
ately available to perform an emergency cesarean or to manage other complications.” 
Further statements followed in 1984, 1988, 1994, 1995, and 1998, lessening the 
restrictions on patient eligibility and physician availability.20

VBAC rates rose rapidly, reaching a high of nearly 30% in 1996. The downward trend 
in VBAC began with the profession’s growing awareness of VBAC-related morbidity 
and mortality, which was articulated in Phelan’s22 1 996 publication of an editorial in 
the popular OBG Management journal entitled, VBAC: time to reconsider? In that edito­
rial, Phelan,22 an early VBAC advocate and researcher, was the first to suggest a proce­
dure-based consent form for VBAC candidates. This consent form contained the 
sentence: “I understand that if my uterus ruptures during my VBAC, there may not be 
sufficient time to operate and to prevent the death of or permanent brain injury to my 
baby.” This sentence alone created a stir throughout the obstetric community, partic­
ularly because the consent form became widely favored by malpractice insurance 
carriers. The VBAC controversy was compounded by McMahon,23 who emphasized 
the prevalence of complications of a failed VBAC. This was followed in 1998 by 
a Point/Counterpoint segment written by Flamm24 and Phelan,25 who presented 
opposing perspectives on the risks of VBAC. Although there was mutual agreement 
that the risk of uterine rupture during a VBAC was about 1 %,26 Phelan25 emphasized 
that this risk was in addition to the usual risks associated with labor in patients without 
a uterine scar. By 1999, ACOG had adopted a more conservative position and required 
that a physician capable of monitoring labor and performing an emergency cesarean 
delivery be immediately available throughout active labor.27 Within a short historical 
time frame, the VBAC trend rapidly reversed (see Fig. 1).

The use of the term immediately available generated much concern and confusion 
among ACOG members.20’28 Since the mid-1980s, the standard for all emergency
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births had been the 30-minute rule, which, although not derived from an evidence 
base, was widely accepted as the upper limit on the cesarean decision to delivery 
interval.29 According to Zinberg,20 in addition to its concern for childbirth safety, 
ACOG sought to provide a defensible legal strategy for its members by requiring 
them to be present in the event of a VBAC complication. These guidelines were reit­
erated in a subsequent ACOG Practice Bulletin published in 2004,30 and in the most 
recent Practice Bulletin from 2010.10

Although this immediate availability standard provided a defense in the event of 
a uterine rupture during a VBAC, it also created a separate class of patients and, 
at the same time, imposed a higher standard of care for patients having VBAC 
versus non-VBAC, suggesting a lesser standard of care for patients not having 
VBAC.

Furthermore, the immediate availability standard is likely only to prevent fetal brain 
injury or death when the patient’s clinical signs and symptoms provide a warning or 
notice to the caregivers that the uterine rupture is occurring. The onset of the uterine 
rupture is identifiable in only about 50% of cases through the sudden appearance of 
moderate or severe variable decelerations at a time when they are not expected.31 The 
appearance of these fetal heart rate decelerations constitutes a warning or notice that 
the uterine rupture is occurring. To estimate the number of cases of fetal neurologic 
injury that this standard is likely to prevent, it must be recognized that a fetus may 
experience fetal brain injury or death within as little as 18 minutes from the onset of 
the uterine rupture.26 Catastrophic uterine ruptures, in which there is a partial or 
complete expulsion of the placenta and/or the fetus into the maternal abdomen, 
may have an even shorter window in which to prevent brain injury. Mobilizing 
resources within this brief window of opportunity is difficult, and depends on whether 
any warning occurred. Consequently, fetal brain injury in the circumstances of a cata­
strophic uterine rupture without warning would likely be nonpreventable. Given 
a uterine rupture rate of 1%, of which 50% occur without warning, and 25% are 
catastrophic,26 approximately 1 in 800 VBACs would result in fetal brain injury that 
was still not prevented by the immediate availability standard. Although this risk is 
small, questions linger regarding whether the childbearing public remains willing to 
accept this risk, and whether third-party payers remain willing to reimburse hospitals 
and obstetricians for providing immediate availability.

Shihady and colleagues32 and Roberts and colleagues33 surveyed hospital admin­
istrators in a variety of states about clinical practices and policy changes after the 1999 
ACOG recommendation. Both studies received response rates of more than 90%, 
and, in both series, approximately 30% of hospitals stated that they stopped allowing 
VBAC services. These non-VBAC hospitals largely cited the 1999 ACOG guideline and 
the importance of providing 24-hour availability of operating personnel as their ratio­
nale for not allowing VBAC. In the study by Roberts and colleagues,33 of the hospitals 
that still allowed VBAC, 68% had to change their policies to be compliant with ACOG 
recommendations. The most frequent changes involved the in-house presence of 
surgery (53%) and anesthesia (44%) personnel when women desiring VBAC pre­
sented in labor. Compared with hospitals that stopped allowing VBAC, those that 
permitted VBAC were larger, closer to other delivery hospitals, annually delivered 
more babies, and annually had more cesarean deliveries. Gochnour and colleagues,34 
in a survey of physicians in Utah, reported that most were aware of ACOG recommen­
dations, and 45% reported a decrease in their provision of VBAC. Physicians were less 
likely to report the capacity to immediately perform a cesarean in suburban and rural 
areas (100% urban, 88 suburban, and 76% rural), and physicians practicing in these 
areas reported the largest decline in the use of trial of labor.
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This decrease in VBAC availability has elicited concern from quality-monitoring 
organizations such as the California Hospital Association and Reporting Task Force 
(CHART),35 which has suggested that hospitals should be required to report whether 
they provide access to VBAC, a suggestion that was reinforced by the 2010 NIH 
Consensus Development Conference. Whether provision of access to VBAC should 
be considered an indicator of hospital maternal health care quality remains controver­
sial. Although hospital VBAC rates were tracked as a quality measure until late 2007 by 
The Joint Commission as part of the Pregnancy and Related Conditions Care Measure 
Set, they are now considered to be neutral, meaning that internal hospital goals can be 
met by increases or decreases in VBAC rates.36 Currently, The Joint Commission’s 
Perinatal Care Core Measure Set includes cesarean rates, but no longer includes 
VBAC rates.37

Thus, largely before the 1999 ACOG recommendations, on both local and national 
levels, opinion leaders appeared able to promote the use of VBAC. As the numbers of 
women undergoing VBAC increased during the 1990’s, and as studies clarifying the 
risks to VBAC were published and some opinion leaders voiced their concern, the 
VBAC rate began to decline. By 1999, with the ACOG Practice Bulletin publication,27 
the VBAC decline had become well established. ACOG is considered the ultimate 
opinion leader, and their professional guidelines largely describe the standard of 
care. Practicing physicians are held to that standard in the determination of liability 
in cases of medical malpractice. Thus, the connection between professional guide­
lines and practice patterns should be natural and strong. Although physicians can 
be heavily influenced by opinion leaders and guidelines, the data confirming the rela­
tionship between the VBAC decline and these events are sparse but compelling. Any 
impact of the 2010 conference on future VBAC rates remains unknown.

HOSPITAL FACILITIES AND IMMEDIATE CESAREAN AVAILABILITY

Given that hospitals no longer practicing VBAC seem to cite the 1999 ACOG guideline 
requiring immediate cesarean availability as a principal reason behind their decision to 
eliminate this practice, it is surprising that there has been little guidance from the liter­
ature establishing what is a safe environment for VBAC. From the reports by Shihady 
and colleagues32 and Roberts and colleagues,33 it seems that many hospital organi­
zations do not believe they can meet the expected standard. If anesthesia personnel 
must be called in, operating rooms are being used, or blood bank services are limited, 
would these circumstances show the lack of immediate availability of emergency 
care? de Regt and colleagues38 described the multiple factors in addition to physician 
availability, including operating room and anesthesia-related problems, affecting the 
time interval from cesarean decision to incision.

In addition to the few data providing evidence regarding what facilities make 
a hospital safe for VBAC, there is little evidence regarding operational policies that 
contribute to this safety. Nurse-staffing levels and physician availability in a VBAC 
environment have not been studied. What is the training required for both nurses 
and physicians to recognize the risks and complications of VBAC? Although the safety 
of the candidacy and medical management of VBAC itself has been extensively 
studied, and safety recommendations have been produced, following these recom­
mendations to the letter may become moot in a hospital that is understaffed or lacks 
the resources to stabilize both mother and fetus within just a few minutes.

Individual hospitals must rely on their own assessment of what it would take, both in 
terms of facilities and policies, to meet the standard of immediate availability in emer­
gency services. Some hospitals may find that they have always met such a standard,

Aku
sh

er
-L

ib.
ru



Trial of Labor After Cesarean Delivery 199

and need make no changes to their facilities or practices. Lavin and colleagues,39 in 
a 2002 survey of Ohio hospitals performing VBAC, found that only 16% of level I hospi­
tals had 24-hour availability of what they defined as complete emergency services: an 
obstetrician, in-house anesthesia, and a surgical team. These numbers increased to 
63% in level II and 100% in level III hospitals. Level I and II hospitals increased staff 
when women desiring VBAC were present, but personnel were not routinely available.

There has been limited exploration of the types and ownership of hospitals that 
seem to have the highest VBAC rates,3'23’40-47 and, although study designs for multi­
hospital investigations differ greatly, it is generally conceded that university, tertiary 
care, and teaching hospitals with obstetric residency programs provide greatest 
access to TOLAC. Such hospitals are often staffed around the clock, and have full 
anesthesia and neonatal intensive care unit (NICU) services. Other types of hospitals, 
particularly rural and smaller community hospitals, may never be able to afford to 
achieve the immediate availability standard. Because delivery volume is so closely 
related to hospital ownership and level, its relationship to TOLAC access remains 
unclear.47 Because VBAC success rates are fairly consistent across settings,3'43'48 
it is believed that hospital characteristics associated with VBAC largely reflect those 
hospitals providing access to TOLAC.

Although there have been some reports, little is known regarding how rural hospitals 
manage VBAC risk.49-51 Community hospitals whose physicians are not employees or 
members of a contracted physician group may never be able to regulate or enforce 
physician availability. Although the latest available data indicate that most American 
women (99%) deliver in hospitals,52 access to VBAC in birth centers remains hotly 
politicized53 54 and, in one study, was shown to be associated with slightly higher risks 
compared with hospital birth.55 Published studies regarding TOLAC with providers 
other than hospital-based obstetricians remain equivocal because of the lack of 
case-mix adjustment.12

There remains much unexplained variation in hospital TOLAC and VBAC rates, and 
further data collection and analysis at the hospital level, in addition to the patient level, 
are required to develop a more comprehensive understanding of hospital operations 
and the decision to provide access to a TOLAC. Studies of staffing structures, facility 
resources and capacity, business models, participation in hospital systems and 
networks, and malpractice insurance carrier restrictions should lead to an improved 
understanding of the hospital culture behind the VBAC decision. The wide variation 
in VBAC rates across (and within) the 50 states may, in large part, be caused by 
many of these issues, with more rural states, particularly in the South, having the 
lowest VBAC rates 56

This lack of evidence for what constitutes a safe VBAC environment is probably the 
most fundamental gap in the understanding of VBAC risks. What is a safe environment 
for VBAC both in terms of facilities and policies? How might this environment depend 
on hospital ownership and staffing structures? How should rural hospitals and birth 
centers coordinate care for women desiring VBAC? Now that medical risk has been 
fairly well defined, efforts should be directed at understanding and creating a safe 
and effective environment in which to conduct TOLAC. Potential considerations for 
perinatal policies for hospitals that allow VBAC are listed in Box 1.

REIMBURSEMENT FOR PROVIDING A TRIAL OF LABOR

Apart from concern regarding the facilities and policies needed to provide emergency 
services, there are also concerns about the resources spent on providing TOLAC. 
Historically, it has been assumed that ERCD would use more hospital resources
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Perinatal policies considered for hospitals that allow VBAC

1. Written informed consent

2. In-house anesthesia

3. Crash cesarean drills for all labor and delivery personnel and physicians practicing obstetrics

4. Requirement for all physicians who practice obstetrics to practice critical-events drills as 
a condition of reappointment to the medical staff

5. Ongoing education on the clinical signs and symptoms of uterine rupture

6. Ongoing education on the fetal monitoring signs of pending uterine rupture

7. Avoidance of induction of labor in patients having VBAC

than would a vaginal delivery. In 1997, Finkler and Wirtschafter57 showed that variation 
in hospital cesarean rates appeared unrelated to variation in obstetric costs, and that 
obstetric costs depended more on staffing issues than mode of delivery. After 1989, 
Medicaid no longer paid a differential to physicians for cesarean delivery and, shortly 
thereafter, most insurance carriers followed suit.58 Keeler and Fok59 and Grant58 have 
shown that this equalization of payment to physicians regardless of delivery method 
had little impact on the cesarean rate.

However, insurance payments to hospitals do seem to vary by delivery method, as 
indicated by the diagnosis-related groups (DRGs) associated with childbirth. DRGs, 
now reclassified as Medicare severity DRGs (MS-DRGs), are classifications for 
hospital admissions derived by the Medicare prospective payment system, indicating 
the amount Medicare pays to the hospital. For the fiscal year 2010 to 2011, the relative 
weights (RWs) for each of the childbirth-related DRGs are shown in Table 2.60 The 
derivation of the RW for the DRG is largely based on total length of hospital stay. 
Thus, a higher length of stay generally yields a higher payment.

RWs are multiplied by a base rate (which is determined by regional labor costs and 
urban vs rural status). In fiscal year 2010, using simplified calculations, a typical base 
rate for an urban hospital would be $6732.60 Given an RW of 0.50 for an uncompli­
cated vaginal delivery (eg, VBAC), the hospital payment would be approximately 
$3366; this compares with an RW of 0.75 for an uncomplicated cesarean delivery, 
yielding a hospital payment of $5049. Thus, such a difference in RW yields a hospital 
fee for the delivery of a woman with a prior cesarean by repeat cesarean that is 
50% greater than that for a vaginal delivery. This increased hospital payment for

Table 2
MS-DRGs associated with childbirth and the relative weight assig 
payment system (version 27, fiscal year 2010)

MS-DRG

ted from the prospective

Relative Weight
765: cesarean with complications 1.11
766: cesarean without complications 0.75
774: vaginal delivery with complications 0.69
775: vaginal delivery without complications 0.50
767: vaginal delivery with sterilization 0.84
768: vaginal delivery with operating room 

procedure other than sterilization
1.78
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cesarean delivery was confirmed in the statistical brief published by the Agency for 
Healthcare Research and Quality (AHRQ),61 Hospitalizations Related to Childbirth, 
2006, which used payer-derived data by DRG to calculate the mean cost of an uncom­
plicated vaginal delivery at $2600 compared with that of an uncomplicated cesarean 
delivery at $4500. Generally, the DRG rates are, directly or indirectly, the basis for 
hospital payment by the government and most medical insurance carriers. The degree 
to which hospitals accept DRG rates versus fixed payments for childbirth (perhaps 
derived from the DRG mix of the covered population), and how these payments might 
affect VBAC availability, remains unknown.

Clark and colleagues62 published a convincing study showing that it was not likely to 
be profitable for a hospital to offer a TOLAC program. Only by using the most opti­
mistic assumptions about the neonatal consequences after a uterine rupture, and 
a successful VBAC rate of 70%, could any savings be realized. In all other scenarios, 
from the perspective of a health care system, there was a net financial loss. Grobman 
and colleagues63 also performed a cost-effectiveness study of ERCD versus TOLAC, 
using more detail and modeling immediate maternal morbidity and consequences to 
subsequent pregnancies. They concluded that a large number of cesareans with 
substantial maternal morbidity and expense would need to be performed to prevent 
1 major adverse neonatal outcome (ie, number needed to treat). However, it seems 
that they grossly underestimated the cost of a child with cerebral palsy, and it is 
unclear to what degree this would have affected their results.64’65 The contrast 
between these 2 studies illustrates the difficulty in estimating the cost of VBAC, and 
that the costs may accrue differently to different parties, whether they be third-party 
payers, parents, or society in general.

Nevertheless, if the focus is only on labor and delivery (where the decision regarding 
VBAC is ultimately made) women undergoing VBAC seem to require more immediate 
resources than do women undergoing elective repeat cesarean. In contrast with 
a woman with an unscarred uterus, a woman undergoing VBAC is expected to arrive 
at the hospital early in labor, and be placed on continuous fetal monitoring. She may 
therefore have a longer admission-to-delivery time, and require more nursing attention 
and vigilance. Zupancic,66 in his review of the costs of elective cesarean delivery, 
notes cost differences ranging between $13967 and $229468 between ERCD and 
TOLAC, but cautions that “comparison of elective cesarean section with a trial of labor 
may not yield cost savings, because a proportion of such trials lead to operative 
delivery, resulting in higher costs due to a longer duration of stay in labor and delivery, 
with its associated intensive personnel costs.” He further notes that, in cost estimates 
of cesarean with and without labor, the latter were always higher.66 Chung and 
colleagues68 confirmed that “if the probability of successful vaginal birth after 
cesarean (VBAC) was less than 0.65, elective repeat cesarean was both less costly 
and more effective than a trial of labor.” For women with a prior cesarean, Chung 
and colleagues68 estimated the actual costs of a successful trial of labor 
($3900-$6000), a failed trial of labor ($7000-$10,000), and ERCD ($5900-$8600). 
Obstetricians’ services were given as $1450 to $1650 within these estimates. Given 
that physicians make roughly the same amount of money for vaginal and cesarean 
deliveries, convenience, time management, risk, and liability remain real, albeit as 
yet immeasurable, concerns. These studies collectively suggest that any immediate 
cost savings associated with a TOLAC program would be debatable.

Clark and colleagues62 concluded that hospitals that provide VBAC are doing so 
with some motive other than saving money, and many hospitals providing VBAC do 
so with a community mission. However, insurers who pay DRG or global delivery rates 
seem to be getting a bargain with VBAC. To compound this bargain, insurers are also
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beginning to charge higher premiums to women with a prior cesarean, stating that the 
high probability of a repeat cesarean may cost them more.69

MEDICAL LIABILITY

Medical malpractice litigation and its costs have contributed sizably to the declining 
availability of VBAC.70,71 According to the most recent ACOG liability survey,72 nearly 
91 % of obstetrician-gynecologists reported involvement in at least 1 medical negli­
gence claim in their career (average 2.7), 62% of the reported claims were for obstet­
rics, and 46% of these claims related to neurologic injury or death. Cohen and 
Schifrin73 report that most obstetric lawsuits concern management of labor and 
delivery. Sixty percent of the ACOG survey respondents reported making changes 
to their practice because liability insurance is either unavailable or unaffordable. Of 
the 63% of the ACOG membership who reported making changes to their practice 
as a result of the risk or fear of liability claims or litigation, 30% decreased the number 
of high-risk obstetric patients that they accepted, 29% reported performing more 
cesareans, and 26% stopped offering/performing VBAC. Eight percent of survey 
respondents stopped practicing altogether. There has been much concern expressed 
about these trends and how they affect general access to childbirth services. Even 
a malpractice premium subsidy in Oregon does not seem to have stopped that state’s 
continuing loss of maternity care providers.74

Obstetric malpractice premium rates, which have been negatively associated with 
VBAC rates, have continued to increase in recent years.75 Premium rates vary tremen­
dously by state because of state laws governing malpractice litigation.76 For obstetri­
cians, the average annual premium is about $50,000, although it may range from as 
low as $17,000 on average in states such as Oklahoma and Nebraska, to highs of 
$100,000 or more in states such as Florida and Nevada.77

From the physician perspective, VBAC is generally believed to be a safe procedure. 
Physicians and academicians are taught to examine risks in the aggregate, and, with 
the plethora of studies regarding VBAC risk, most would agree that the absolute risks 
are low and, as discussed earlier, must be viewed in the context of the risks of ERCD. 
As outlined in Table 1, the risks of repeat cesarean are largely to the mother, and are 
largely unpredictable. The risks of VBAC are largely to the fetus and are well known 
and quantifiable. Given the known 1 % risk of uterine rupture, the ability to foresee 
harm and the consequent duty to prevent harm are legal concepts that are often 
used to prosecute a uterine rupture case.78 However, a 1 % risk of a uterine rupture 
does not necessarily make a uterine rupture foreseeable. Moreover, the ability to 
prevent harm from a VBAC depends primarily on whether the obstetrician and nurses 
who are conducting the VBAC are on notice of a uterine rupture in progress. As 
described earlier, notice relates to the circumstances in which the physician and 
nurses have sufficient time to identify the potential for a uterine rupture and ample 
opportunity to deliver the patient.31 In the case of a uterine rupture, the greater duty 
for the physician and/or nurse to prevent fetal injury arises when the providers are 
on notice of the uterine rupture by virtue of the changes in the fetal heart rate pattern 
and/or maternal signs and symptoms. In the absence of notice, and where there is no 
warning that a uterine rupture is about to occur, the physician and the nurse are less 
able to prevent the death or disability of the fetus.

Medical malpractice litigation in VBAC cases has also incorporated the concept that 
a procedure, such as VBAC, or a device, may be considered inherently dangerous. 
Inherently dangerous typically means a condition of ever-present hazard requiring 
special precautions to avoid damage or injury. The concept of inherent danger arises
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from product liability actions and relates to the hazardous properties of a manufac­
tured device. Here, the practice of VBAC may be likened to an inherently dangerous 
product or procedure. In the case of brain-damaged baby from a uterine rupture, 
the concept of inherently dangerous can be argued because the risk of uterine rupture 
is estimated to be 18 times higher in a prior cesarean patient and the window to 
prevent injury is said to be 18 minutes, or less in some circumstances. To date, the 
obstetric profession has argued that VBAC is not inherently dangerous in the presence 
of immediately available cesarean services; however, studies have not tested whether 
such a standard will prevent all harm.

Assumption of the risk is another legal concept that applies primarily to the patient 
and her willingness to accept certain procedures such as a VBAC, operative vaginal 
delivery, or a cesarean. The typical way to transfer the risk of medical procedures, 
and have the patient assume the risk, is through informed consent.79 Informed 
consent is considered whenever medical alternatives exist. A patient with a prior 
cesarean has alternatives with respect to route of delivery. In general, this means 
that the obstetrician has an obligation to explain the options and downstream conse­
quences of each option to the patient and let her make a choice. By so doing, she 
assumes the risks of the option selected. With proper informed consent, the patient 
assumes the risk of nonnegligent care. The patient cannot assume the risk of negligent 
care, nor can she necessarily assume the risks for the fetus. In all cases, it remains the 
prerogative of the providers of care to determine whether they can provide VBAC 
safely, and both doctors and hospitals may decline to provide VBAC services.

Further contextualizing the concept of VBAC risk are the legal consequences of 
VBAC-related morbidity. Although the absolute risks to VBAC may be small, the finan­
cial consequences of a maloccurrence can be enormous, with evidence that the 
median award for medical negligence in childbirth cases is now $2.3 million.80 Clark 
and colleagues81 presented an analysis of 189 closed claims between 2000 and 
2005, of which 10 (5.3%) were VBAC related, with an average payment of about 
$1 million per case. In the ACOG liability survey, more than half the obstetric cases 
reported seemed to have been settled without any payment on behalf of the obstetri­
cian but, regardless of financial payout, the personal costs to the individual providers 
in terms of time and anxiety can be devastating. Because a VBAC may be considered 
inherently risky, these results indicate that many cases may be without merit, often 
with parents seeking compensation because they need financial assistance to care 
for a brain-injured child. An estimate made by the Centers for Disease Control in 
1992, found the cost of a child with cerebral palsy to be about a half-million dollars.64 
The development of state-wide risk pools to compensate parents for their child’s 
needs and avoid a malpractice suit has shown some usefulness.82’83 Brennan and 
colleagues84 reported that the severity of the patient’s disability, not the occurrence 
of an adverse event or an adverse event caused by negligence, was predictive of 
payment to the plaintiff. Given that the worst outcomes of uterine rupture are fetal 
brain injury and death, and that these can occur even in circumstances that would 
not be considered negligent, it is understandable why, despite the rarity of uterine 
rupture, VBAC liability is so high and VBAC rates continue to be low.

PATIENT-LEVEL FACTORS

In the last few years, the concept of the ideal VBAC candidate has narrowed to that of 
a woman with 1 prior cesarean with a low, transverse uterine scar.1 The extent to 
which a smaller candidate pool may be contributing to a lower number of women 
choosing a TOLAC is unknown. Factors contributing to the likelihood of success are
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a prior vaginal birth and presentation in spontaneous labor.10 Factors mitigating 
against success are a recurrent indication for initial cesarean, increased maternal 
age, nonwhite ethnicity, gestational age greater than 40 weeks, maternal obesity, 
preeclampsia, short interpregnancy interval, and increased neonatal birth weight10; 
many of these conditions are becoming increasingly prevalent.85 Women receive 
counseling from their providers, and the extent to which the informed consent process 
reflects provider preferences, biases, or health system limitations is unknown. What is 
clear, given falling VBAC attempt rates, is that an increasing number of women seem 
discouraged from attempting VBAC.

Whether insurance issues or racial disparities are influencing TOLAC rates remains 
uncertain because of strong correlations among race, insurance, and hospital owner­
ship. Most studies have not examined these relationships using hierarchical models 
that can account for these interactions. Using hierarchical models that separate out 
effects at the patient and hospital levels, the authors have found no relationship of 
TOLAC to insurance type,4’45,86 although it does seem (as discussed earlier) to be 
related to hospital type, with Health Maintenance Organization and tertiary hospitals 
most likely to offer a TOLAC. VBAC success does not seem to be related to patient 
insurance type, although there have been several conflicting studies with different 
methodologies and different correlated variables.12,87’88 Nonwhite race seems nega­
tively related to VBAC success, but not to TOLAC89,90; nonwhite race has been postu­
lated to have a negative clinical impact but not to be a factor that decreases access to 
VBAC. However, the length of TOLAC, and the clinical management of patients, may 
vary with both racial or insurance characteristics, but there is no evidence that 
supports such conjecture. Kramer and colleagues12 suggest that; “In theory, differ­
ences observed could occur for one of several reasons, including differential provision 
of information to subpopulations; increased acceptance of recommendations by 
providers by subpopulations; cultural differences in the importance of vaginal delivery; 
and differences in the level of provider experience with subpopulations.”

In the report of its national survey in 2006, Listening to Mothers, Childbirth Connec­
tion documented that 11 % of women with a prior cesarean had a vaginal delivery with 
their most recent birth, although 45% of them had been interested in a VBAC.91 Of 
these women, 57% stated that they were denied that option. When asked what reason 
was given for the denial of a VBAC, the leading responses were unwillingness of their 
caregiver (45%) or the hospital (23%), followed by a medical reason unrelated to the 
prior cesarean (20%). In addition, anecdotal stories exist of women with histories of 
prior cesarean delivery arriving at hospitals in a state of imminent delivery being taken 
for immediate repeat cesarean, not having had the benefit of informed consent or 
being given the option to push. Melnikow and colleagues92 corroborated these find­
ings in a California study showing that many hospital records for patients with a prior 
cesarean lacked evidence of counseling regarding a TOLAC. These reports are in 
keeping with the physician’s and hospital’s right not to participate in a VBAC. 
However, the article by Melnikow and colleagues92 is disquieting because the impor­
tance of VBAC informed consent had been recognized for more than a decade.22 The 
absence of documented informed consent raises the question regarding the extent to 
which women are choosing ERCD, and to what extent the system is choosing this 
option for them; how much autonomy do women have regarding the VBAC decision?

The apparent erosion of patient autonomy in obstetrics has raised many 
concerns.80'93-95 The ACOG Practice Bulletin acknowledges that patient preferences 
should be considered, particularly when the risks associated with the choice of ERCD 
and TOLAC seem equivalent.9 It is also widely speculated that patient preferences 
may be contributing to the decline in VBAC attempts, because there is some evidence
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that patients are becoming more risk averse, and are becoming more comfortable with 
the repeat cesarean choice.9697 This trend has been attributed to the generally 
acknowledged maternal perspective of placing greater value on the risk to the fetus 
than the risk to herself.98 Given the recent acceptance of maternal-request cesarean 
delivery within the obstetric community,99,100 it is not surprising that many patients 
should see ERCD as a preferable option. However, the health consequences and 
practice implications of allowing maternal preference alone to dictate the use of 
cesarean are not fully understood.94

Some investigators have attempted to describe the issues associated with the inte­
gration of patient preferences into the VBAC decision. It may seem that patients and 
physicians end up talking past each other when it comes to the risk equation. Aspects 
of birth valued by patients are not necessarily taken into account when the risks are 
explained.98,101 For example, a patient may prefer to have a VBAC because the lesser 
morbidity would enable her to better care for her children.102 Family and work issues 
may play a prominent role in a woman’s decisions, but are not routinely included in risk 
discussions. The degree to which patients’ current and future concerns affect their 
decision shows that women use a wider context than the absolute risk when assessing 
the risk of VBAC. How to educate women and help them arrive at a decision is 
currently being studied, but there is little clear guidance at present.103-107

The VBAC decision shows the conflict common to many patients who try to navigate 
the health care system. As our insurance and health delivery systems become more 
complex, as medical care becomes more specialized, and as the evaluation of both 
system and provider performance becomes a science in itself, consumers require 
more knowledge and greater skill to take full advantage of new sources of information 
and to make informed choices.108 Health literacy, or the ability to make these informed 
choices, has been recognized as a national imperative through both the Institute of 
Medicine and AHRQ reports in 2OO4.109,110 These choices are especially relevant to 
women making a VBAC decision because of the difficulty, as outlined in this article, 
in understanding both the medical risk and the hospital environment.

In these circumstances, women must often use doctors as agents to help them with 
such choices because there are few other avenues to understand which services are 
safest and which suit them best.111 This concept of agency has long substituted for 
a lack of public accounting by our health care services.112 Patients place trust in their 
physicians to guide them, but physician agency is itself imperfect because it is subject 
to business interests and efficiencies.113 To most consumers, public data regarding 
the cost and quality of health care services can seem unintelligible and irrelevant.114 
The development of performance metrics, although highly touted, remains rudimen­
tary, as the subtleties, dynamics, and controversies of what truly is quality health 
care become more and more apparent.115

An example of this dilemma is that women who enter the hospital with birth plans 
(specified, legitimate options regarding use of epidurals, ambulation, intravenous 
lines, episiotomies, cesareans), tend to have the same interventions as other women 
without explicit choices delivering in the same hospital.95,116 Medical circumstances 
may require unexpected interventions during childbirth, but the culture and efficien­
cies within hospital practices tend to remain dominant.

This phenomenon is well identified in the consumer-choice literature as the gap 
between what consumers say they want and the services they receive.117,118 
Consumers may have awareness and comprehension of quality and safety differ­
ences, they may even have beliefs and attitudes that support making appropriate 
choices, but they often do not use services wisely. Whether the reason for uninformed 
choice is at the consumer level (eg, with respect to motivation, need for proximity or
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services, or perceived cost of alternatives) or whether it is at the agency or service 
level (eg, physician, hospital, or insurer) remains to be explored.

The question remains, are women themselves less convinced that VBAC is a reason­
able option, or are they being dissuaded by the health care system? Most women 
giving birth do have a choice of caregivers and facilities, although exceptions are 
those who have a pregnancy complication and need specialized care,119 those who 
live in isolated or rural areas,120 and those who have insurance limitations. Choices 
for women with public insurance appeared to increase greatly in the early 1990s as 
mechanisms for hospital reimbursement allowed public patients to be cared for at 
private hospitals.121

Are women desiring VBAC unwilling, or unable, to choose childbirth providers and 
hospitals that believe they can safely provide this service? Are they willing to go farther 
from home to get a TOLAC? In general, hospital choices are largely determined by 
convenience of location, which may or may not be directly related to proximity.122,123 
Local hospitals tend to be used in emergencies and by the elderly and the indigent, in 
particular.121 However, many patients, including pregnant women,124 commonly go 
outside their local areas for hospital services. They seem to be most influenced 
by the perceived quality of these services and the need for more specialized 
services.120,122,125,126

Patients appreciate having choices with respect to their hospitals, and, although 
greater choice does not always lead to greater satisfaction with health care 
services,127-129 this choice contributes to the subjective experience of empow­
erment,130 which is intrinsic to the mechanism of health care decision making. Further­
more, patients seem willing to make trade-offs with respect to hospitals more easily 
than with other health care decisions, perhaps because hospitals can be more easily 
viewed as accountable for their services, in contrast with health plans or provider 
networks.131

Although hospitals vary widely in their outcomes for both mothers and newborns, 
most women are not aware that such wide differences in services exist.91 For 
example, in California, among laboring nulliparous women with normal pregnancies, 
29% of mother-newborn pairs suffered at least 1 serious childbirth complication 
such as infection or birth trauma.132 This rate varied from 9% to 76% among hospitals, 
and did not include cesarean delivery, which itself varied between 4% and 40% in this 
low-risk population at the hospitals studied.132 Facilities, services, resources, and 
policies also vary widely across childbirth hospitals, but there is no systematic way 
for women to determine the optimal environment for their labor and delivery. The 
NIH Consensus Conference Statement on VBAC recognized this important point, 
and recommended that “health care organizations, physicians, and other clinicians 
should consider making public their trial of labor policies and VBAC rates, as well 
as their plans for responding to obstetric emergencies.”1

In summary, the increasing prevalence and recognition of clinical characteristics 
that may put women and their fetuses at increased risk from VBAC are likely to be 
contributing to decreased candidacy for TOLAC, and, thus, lower VBAC rates. 
However, it remains unclear how the VBAC decision is being made, and the degree 
to which the declining use of VBAC reflects women’s preferences, their use of their 
physicians as agents to make this decision, or the lack of nearby facilities to safely 
undergo VBAC. A better understanding is needed of how to incorporate patient pref­
erences into childbirth services, and increased transparency on the part of the health 
care system. Furthermore, there is increasing recognition that patients need more than 
the mere transmission of information and that they require the development of skills 
and confidence to make choices.133
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CONSIDERATIONS FOR A RESEARCH AGENDA

The NIH Consensus Conference noted several critical gaps in the evidence required 
for decision making about VBAC, and included limited understanding of a variety of 
nonmedical factors affecting the availability and management of TOLAC.1 They specif­
ically observed that access to a safe trial of labor seems to be restricted by factors 
such as geography, workforce availability and training, professional association 
guidelines, type of maternity care provider, liability concerns, health insurance, and 
institutional policy. They recommended well-designed studies to better understand 
these factors and to test clinical, institutional, or policy interventions to increase 
access to a safe trial of labor. They also noted the necessity for the development of 
interventions to reduce the barrier of professional liability, and the further development 
of decision-making tools to assist in the informed consent process.

In addition to these recommendations, this review would emphasize that a funda­
mental concept is lacking within the VBAC evidence base: there is little understanding 
of the components of a safe environment for VBAC. The facilities, staffing, and oper­
ational and policy structures that support optimal outcomes for both the mother and 
fetus have received little attention in the VBAC debate. The focus has been on clinical 
risk, which, although important, comprises only an chapter (albeit a very relevant 
chapter) in the story of the VBAC decline. ACOG has carefully defined safe practices 
around TOLAC, but there is little guidance, and even less evidence, regarding what 
constitutes a safe environment.

To further the obstetric community’s understanding of what makes a safe environ­
ment for VBAC will naturally require the study and comparison of a variety of childbirth 
environments. In contrast with other clinical areas such as cardiology, in which 
mandatory reporting of outcomes has led to the evolution of detailed data collection 
systems that have allowed extensive exploration of quality and safety issues, obstetric 
data systems both within and across hospital systems remain rudimentary and lack 
standardization. At more than 4 million births per year in the United States, childbirth 
is the number 1 reason for hospital admission,134 and this vast pool of data is largely 
relegated to paper charts. Those hospital systems with electronic medical records 
(EMRs), although often a step ahead of those without, require complex technical 
efforts and often a nonexistent budget to standardize data, create reports, and track 
outcomes. Although data elements such as a history of a prior cesarean may be easily 
found in the EMR, these records do not usually lend themselves to identifying funda­
mental patient characteristics such as the presence of labor, or pregnancy and 
obstetric complications.

In addition to the obstetric community’s reliance on administrative data (ie, Interna­
tional Classification of Diseases, Version 9, Clinical Modification [ICD-9-CM] codes), 
the use of EMR data could offer more process information (ie, practice information 
about the actual conduct of labor and delivery) and would assist in the examination 
and determination of best practices. One example is cesarean decision-incision 
time. Cardiologists have examined and tried to improve door-to-balloon time for 
many years.135 Although independent efforts have been made to improve decision­
incision times in obstetrics,38,136 there is little standardized documentation in obstet­
rics for such process measures, and this situation is unlikely to change unless backed 
by a strong commitment within the obstetric and quality improvement communities.

Given the low risks of many of the pertinent outcomes of TOLAC, extensive data 
collection is required to gain sufficient statistical power to address the safety issues 
across multihospital settings. The obstetric community may need to explore the 
greater use of registries and conduct more studies in regional hospital systems that
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have consistent, standardized, and validated data collection mechanisms. Further­
more, more complex statistical methods, such as hierarchical modeling, are required 
to accurately assess the significance of patient and hospital factors and separately 
account for within-hospital and between-hospital variability in outcomes. There 
remains little understanding of how a trial of labor may proceed for different patient 
subgroups (eg, based on insurance and race/ethnicity), and how this may vary by 
hospital setting.

A second fundamental task, as evidence is developed regarding what is a safe 
VBAC environment, is to determine how to develop operational systems to create 
and implement such an environment. Such efforts will rely heavily on regional collab­
orative strategies for sharing information and services. This reliance means that the 
obstetric community must work with all stakeholders (ie, physicians, hospitals, 
patients, attorneys, policy makers, payers, and employers) to develop realistic strate­
gies that address both clinical and nondinical concerns. How do women identify and 
access this safe environment? Can delivery payment be uncoupled from prenatal care 
so that physicians are willing to transfer mothers for delivery, if necessary? What 
incentives are there for physicians to transfer patients? Can there be more equity or 
incentives in payment for hospitals to provide TOLAC? What type of staff education, 
policies, and leadership are needed at the hospital level to make the organizational 
advances needed to put safety first? What can rural hospitals do to enhance TOLAC 
safety?

Although the goal of medical liability reform seems unreachable, some have sug­
gested the implementation of binding arbitration to adjudicate negligence claims 
derived from adverse outcomes of high-risk obstetric procedures, suggesting that 
“patient autonomy is violated far more profoundly by forcing VBAC-eligible women 
to deliver through cesarean than by implementing binding arbitration using a public, 
fair and transparent arbitration board as a mechanism to save VBAC from extinction.”80

If the obstetric community is serious about providing a safe environment for the 
wide-ranging risks encountered in obstetrics in general, and in particular for the 
VBAC decision, it may require the thorough investigation of the specific facilities, staff­
ing, and policies pertinent to each obstetric risk category. For example, regionalized 
NICU systems specifically outline where mothers should deliver so that the appro­
priate services are available depending on medical needs and gestational age. 
Enough evidence has accumulated to show that regionalization of these services 
does provide neonatal benefit and improved safety.137-140

There has not been similar progress in defining levels of obstetric care that would 
provide safety to mothers.141 It seems that the obstetric community has settled on 
cesarean delivery as the common denominator so that routine hospital practices 
are not restricted. Thus, many established obstetric interventions are now steadily dis­
appearing: operative vaginal delivery, particularly forceps; external cephalic version, 
vaginal delivery of twin gestations, especially with malpresentation of twin B; and atrial 
of labor for marginal placenta previa.80,94 This default position, to allow all hospitals to 
provide all services for all mothers with reliance on neonatal transport as necessary on 
delivery, has its own consequences, and likely has contributed to the overwhelming 
increase in cesarean delivery and the elimination of other, potentially riskier, delivery 
options. If a wider variety of obstetric practices is to be preserved, then consideration 
should be given to the creation and credentialing of those environments that can safely 
manage the additional risk. At this time, some hospital administrators are concluding 
that they cannot provide a safe environment for VBAC, and opt instead for ERCD. 
Instead of arriving at this conclusion by default, it would be helpful to have the data 
to support and guide the creation of standards for risk levels of obstetric care.
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The third fundamental task of the research agenda would be to encourage hospitals 
to strengthen their obstetric information systems and to begin to provide the transpar­
ency that is so essential for women and other stakeholders to begin to develop the 
skills and the context for making decisions regarding VBAC. Process and outcomes 
transparency requires proactive leadership within organizations that have historically 
functioned as a collection of silos, with largely independent and overworked staff, and 
immature organizational infrastructure.142,143 Such transparency contains a high 
degree of risk to the stability of the health care organization itself; for example, the 
risk that suboptimal practices will be discovered by others, risk of medical liability, 
and risk that corrective workflow changes (and their associated expenses) will be 
mandated for a system that is already strained.144

Women’s dependence on physician agency to determine delivery choices might be 
lessened if hospitals were able to provide and share information about policies, facil­
ities, practices, and outcomes. What is a hospital’s average decision-incision time for 
emergency cesareans? What kind of training does a hospital staff undergo to manage 
TOLAC? Can feasible and interpretable indicators of hospital childbirth quality care be 
developed? If there is such wide variation across hospitals regarding complication 
rates for normal births, trying to give women meaningful information about differences 
in the risks of TOLAC will involve an even greater effort.

SUMMARY

The use of TOLAC has persistently declined in the last decade, although medical risks 
to TOLAC, although now better defined, remain low and essentially unchanged. 
Factors contributing to the nonclinical context of TOLAC are pervasive and strong, 
and must be considered in any strategy to increase TOLAC rates. Principal among 
these factors are ACOG’s recommendation for immediately available cesarean 
services, which is cited as a major reason why hospitals no longer provide VBAC. 
The development of an evidence base to provide guidance regarding the policies, 
staffing, and facilities needed to create a safe environment for VBAC, and organiza­
tional strategies for implementing the components of this environment, should be 
vigorously pursued. The development of obstetric information systems that can 
provide safety and quality information is critical to this effort.
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History has always been a series of pendulum swings, and there is perhaps no better 
example in obstetrics than that of vaginal birth after cesarean (VBAC).

The phrase “once a cesarean always a cesarean” was coined by Edward B. Cragin 
in 1916.1 Dr Cragin was referring to a very small proportion of pregnant women who 
were unable to deliver vaginally after several days in active labor and required 
cesarean delivery as a life-saving procedure. Despite the perils of surgery in that 
era, these women were not believed to be candidates for vaginal delivery in the future. 
Although this approach prevailed for more than 5 decades, the overall cesarean rate, 
and thus the repeat cesarean rate, remained low. When the rate of cesarean delivery in 
the United States was first measured in 1965, it was4.5%.2 During this period, surgery 
became much safer with the advent of modern surgical techniques, anesthetic agents, 
antibiotics, and blood transfusion.

The cesarean delivery rate began to rise in the 1970s. Consequently, patients and 
providers began questioning the paradigm of routine repeat cesarean deliveries. In 
1981, a National Institutes of Health (NIH) Consensus Development Conference Panel 
on Cesarean Childbirth addressed this issue and recommended that more women 
who had undergone a previous cesarean delivery be offered a trial of labor.3 The 
American College of Obstetricians and Gynecologists (ACOG) also concluded that 
carefully selected patients should be allowed a trial of labor after cesarean in its first 
publication on VBAC in 1982.4

With the advent of managed care in the 1990s, health maintenance organizations 
and insurers began to promote VBAC as a cost-saving measure; some even went 
so far as to mandate trial of labor after cesarean (TOLAC) and to withhold reimburse­
ment for elective repeat cesareans. Because of these factors, VBAC rates steadily 
increased from 19.9% in 1990 to a peak of 28.3% in 1996.5 Over the same period,
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the total cesarean delivery rate declined, from 22.7% to 20.7%, partly because of the 
decrease in repeat procedures.5

What happened next is well-known: the pendulum came back swiftly. VBAC rates 
declined dramatically over the next decade, to a low of 8.5% in 2006.6 The cesarean 
delivery rate, meanwhile, has continued to rise unabated with the most recent esti­
mate for 2008 reaching 32.3%.7

Several explanations have been ascribed to these trends. A landmark study pub­
lished in the New England Journal of Medicine in 1996 by McMahon and colleagues8 
reported that major maternal complications were nearly twice as likely among women 
attempting a TOLAC compared with those who underwent an elective repeat 
cesarean. As more reports on adverse outcomes appeared after the McMahon article, 
liability pressure over the issue of VBAC grew. In response to this issue, ACOG revised 
its statement on VBAC in 1999, changing the tone of its language considerably.9,10 
Although the previous statement had encouraged a TOLAC for all women without 
contraindications, the new bulletin stated that women without contraindications 
should be “offered” a trial of labor. Even more importantly, they recommended that 
physicians and resources for emergency cesareans be “immediately available” to 
these patients. Unable to comply with these recommendations or unwilling to incur 
the risk of litigation, many physicians and hospitals across the country stopped 
offering TOLACs, limiting patient access to this option. In fact, approximately one- 
third of hospitals and one-half of physicians are no longer offering women a TOLAC.11

This past year, the NIH convened a Consensus Development Conference focused 
on the issue of VBAC.11 The hope of the conference was that an updated review of 
the relevant literature would help inform the decisions made by both patients and 
providers when considering mode of delivery after cesarean. The panel specifically 
recommended that ACOG and the American Society of Anesthesiologists reassess 
the “immediately available” requirement, citing the low level of evidence for this 
recommendation and the limited access to trial of labor for women that has resulted. 
ACOG subsequently qualified but did not rescind the “immediately available” 
requirement.12 Only time will tell the long-term effect of the conference on VBAC 
and cesarean rates, and ultimately where the pendulum will come to rest.

What are the fundamental reasons why many hospitals and physicians are no longer 
performing VBACs? The answer is undoubtedly risk of adverse outcomes and subse­
quent litigation. The recent NIH Consensus Conference Statement on VBAC acknowl­
edged that the “current medical-legal environment—including provider perceptions of 
and experience with professional liability—exerts a chilling effect on the availability of 
trial of labor.”11 Perhaps an exploration of each of the medical and legal risks will shed 
light on this contentious issue.

As James R. Scott, MD,13 aptly put in his editorial for the recent conference publi­
cation, “VBAC is essentially a uterine rupture issue.” The greatest morbidity from 
TOLAC for mothers and infants clearly arises from uterine rupture. According to the 
recent conference statement, the risk of uterine rupture for women who undergo a trial 
of labor at term is 778 per 100,000 (0.778%), compared with 22 per 100,000 
(0.00022%) for women who undergo a repeat cesarean at term.11 Although several 
groups have tried to develop prediction models, no reliable method currently exists 
to predict which patients will experience a uterine rupture.14,15 Even the factors 
commonly understood to increase the risk of uterine rupture, such as classical and low 
vertical uterine incisions, increasing number of prior cesarean deliveries, and induction 
of labor, are based on low-grade evidence according to the consensus panel.11

For patients who have a uterine rupture, what is the likelihood of neonatal death or 
neurologic injury? Approximately 6% of all uterine ruptures will result in perinatal death,
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and forterm pregnancies the risk is less than 3%.11 Unfortunately, data on the risk of 
hypoxic ischemic encephalopathy (HIE) after uterine rupture are limited, and scant 
information is available on the overall rate of long-term adverse neurologic outcome. 
In the large, prospective observational study of 33,699 women with prior cesarean con­
ducted by the Maternal-Fetal Medicine Units Network, the incidence of HIE was signif­
icantly higher with trial of labor (12 cases) than repeat cesarean (0 cases).16 The 
absolute risk of HIE after uterine rupture in this study was 0.46 per 1000.

Evidence shows that the incidence of uterine rupture may be higher in the commu­
nity hospital setting.17 In addition, a large retrospective cohort study from Scotland 
showed that the risk of perinatal death from uterine rupture was significantly greater 
in hospitals with less than 3000 births per year compared with those with 3000 or 
more births per year.18 The authors concluded that the resources available at larger 
obstetric units may reduce the risk of perinatal death at these centers.

Certainly the risk of uterine rupture, and consequently the delivery of a neonate who 
dies or experiences permanent neurologic sequelae, seem to be low. Conservatively, 
if 1 % of patients attempting a TOLAC have a uterine rupture, and 10% of those infants 
experience irrevocable damage, that risk is approximately 1 in 1000 TOLACs. This risk 
is on the order of other invasive procedures performed in pregnancy, and even lower 
than other diagnostic procedures such as amniocentesis and chorionic villus sampling 
(CVS), which may lead to pregnancy loss.

Of course, providers and hospitals must also contend with legal risk when deciding 
whether to offer TOLAC. No comprehensive data are available on the reasons for 
malpractice suits in VBAC cases. However, the primary reason for litigation in obstet­
rics is the neurologically compromised child, which seems to hold true for VBAC 
cases. A major difference from the non-VBAC-related cases of neurologically 
impaired infants is that the proximate cause for the adverse neurologic outcome in 
most VBAC cases is generally uterine rupture.

The cost of caring for children with severe neurologic impairment is tremendous, 
which translates into significant potential damages in malpractice cases. The median 
award by jury verdict for “medical negligence in childbirth cases” has reached $2.3 
million.19 As a result, obstetricians pay upwards of $200,000 per year in malpractice 
insurance in some states, with an estimated 60% of these premiums going toward 
lawsuits for cerebral palsy allegedly caused by birth injury.20 Unfortunately, liability 
insurers are motivated to settle cases in which the potential damages are high, regard­
less of the merit of the claim. What is the bottom line for providers of TOLAC? They 
could potentially be involved in a lawsuit in which a large settlement is paid, even if 
the standard of care was met.

ACOG members have confirmed that liability concerns have influenced their prac­
tice patterns. According to the 2009 ACOG Survey on Professional Liability, 25.9% 
of members stopped offering TOLAC services over the previous 3 years.21 In a sepa­
rate question, 19.5% of respondents reported that they stopped offering TOLACs 
because of malpractice insurance affordability or availability. Litigation is more than 
a theoretical concern for members; 90.5% of respondents had experienced at least 
one professional liability claim during their professional careers, with an average of 
2.69 claims per member. Although survey results may be influenced by response 
bias, other studies have confirmed that higher malpractice premiums are associated 
with higher cesarean rates and lower rates of VBAC.22 In one analysis, the authors 
estimated that a $10,000 decrease in malpractice premiums for obstetrician­
gynecologists would translate into approximately 6000 fewer cesareans and 1600 
more VBACs.22 Rising malpractice premiums also seem to be associated with an 
increased rate of exit and a reduced rate of entry for obstetricians in certain states.23
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What are the critical liability issues for obstetricians providing VBAC today? Since 
the 1999 ACOG bulletin on VBAC, the standard of care according to the College 
dictated that TOLAC should be attempted in institutions equipped to respond to emer­
gencies with physicians “immediately available.” This standard is problematic for 
numerous reasons.

The definition of “immediately available” is obscure. ACOG may have intended to 
have individual hospitals decide how to define “immediately available.” The implica­
tion, of course, is that these physicians will be able to respond to an emergency 
such as a uterine rupture faster than a physician who is “readily available” and thereby 
avert disaster. But how fast must the response be? In its 2007 Guidelines for Perinatal 
Care, the ACOG suggested that any hospital providing obstetric service should have 
the capability of responding to an obstetric emergency.24 Specifically, the document 
states that “in general, the consensus has been that hospitals should have the capa­
bility of beginning a cesarean within 30 minutes of the decision to operate.”

In cases of uterine rupture, however, 30 minutes may not be fast enough. In a retro­
spective review of 106 cases of uterine rupture, significant neonatal morbidity 
occurred when more than 18 minutes elapsed between the onset of a prolonged 
deceleration and delivery.25 A smaller subsequent study showed that even this 
threshold did not universally prevent severe acidosis and morbidity, perhaps because 
of the confounding factors of placental or fetal extrusion.26 The guidelines do cite 
uterine rupture, cord prolapse, placental abruption, and hemorrhage from placenta 
previa as examples in which the delivery may need to be “more expeditious” than 
30 minutes, without further specification.24 However, a decision-to-delivery time of 
even 30 minutes may not be achievable in all labor suites across the country. Clearly 
too few anesthesia providers or operating rooms are available to ensure “immediately 
available” operative services in all labor suites.11 Although it may be more feasible to 
have obstetric providers immediately available for patients attempting VBAC, 
resources for emergency cesareans even in tertiary care centers are not unlimited 
and are affected by patient volume, acuity, and manpower.

Given that the perinatal morbidity and mortality rates associated with TOLAC are 
similar to those of any nulligravid patient in labor, why is TOLAC held to a higher stan­
dard? Is it because TOLAC is still viewed as an elective procedure with risks that could 
be avoided by a repeat cesarean? Or is this simply the first example of more rigorous 
guidelines to come for the management of all obstetric emergencies?

In the most recent Practice Bulletin on VBAC published in August of this year, ACOG 
upholds its “immediately available” recommendation, but goes on to say that “when 
resources for immediate cesarean delivery are not available... providers and patients 
considering TOLAC discuss the hospital’s resources and availability of obstetric, pedi­
atric, anesthetic and operating room staffs.”12 Furthermore, the “decision to offer and 
pursue TOLAC in a setting in which the option of immediate cesarean delivery is more 
limited should be carefully considered by patients and their health care providers.”12

Clearly the College recognizes that the “immediately available” recommendation is 
not feasible in many hospitals throughout the country. Rather than infringe on patient 
autonomy by mandating repeat cesareans in these circumstances, ACOG is trying to 
support the option for women to make an informed decision to accept this increased 
level of risk. However, this caveat will do nothing to change the current climate of 
VBAC in the United States. Who is responsible for determining which labor suites 
could have had providers immediately available for an emergency? Providers are 
already abandoning the practice of VBAC in sizable numbers because of litigation 
risk. They will unlikely be willing to assume an increased level of risk, even if their 
patients are willing to do so.
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Patients make decisions based on their perceptions of risk on a regular basis, after 
being informed by their providers about the consequences of their choices. Some of 
these decisions will involve potential risk to the fetus or child. Will I have an amniocen­
tesis? Will I take this medication for my seizure disorder? Will I undergo a trial of labor? 
Physicians also have to make decisions about which procedures to offer patients 
based on training, experience, and risk, including risk of a lawsuit. A TOLAC is essen­
tially an elective procedure, and undoubtedly a physician can lose a major lawsuit 
even when a uterine rupture is managed perfectly. Is it wrong then, for some physi­
cians and hospitals to consider that risk unacceptable?

How can physicians protect themselves from liability in TOLAC cases? A pristine 
informed consent process, combined with pristine management by the obstetric 
care providers, and documentation of both, is the optimal situation for success in 
the courtroom. Because the proximate cause of the adverse neurologic outcome is 
generally known (ie, uterine rupture), there is rarely an effective alternative “causation 
defense” to the injury. Therefore, to maximize defensibility of the case, the standard of 
care for managing patients undergoing TOLAC should be strictly followed.

First, informed consent must be properly obtained. Informed consent is a process of 
communication between a patient and physician that should precede the patient’s 
decision regarding a specific medical intervention. Simply asking a patient to sign 
a consent form, no matter how broad or detailed, does not constitute informed 
consent. The standard components of any informed consent process should include 
discussion and documentation of (1) the patient’s diagnosis, (2) the nature and 
purpose of the proposed intervention, (3) the risks and benefits of the proposed inter­
vention, (4) alternative interventions and their risks and benefits, and (5) the risks of not 
undergoing any or all interventions. The authors’ suggestions for items to be included 
in the ideal consent form for TOLAC are listed in Box 1.

Several points are critical to the discussion of TOLAC versus elective repeat 
cesarean. First, the risks and benefits of each option must relate to the patient, her 
fetus/neonate, and her potential future pregnancies. The discussion should be tailored 
to individual factors that will influence the patient’s success rate (eg, age, parity, body 
mass index, indication for previous cesarean, history of vaginal delivery, gestational 
age, estimated fetal weight, need for induction). When possible, this discussion should 
begin early in the antenatal period and be revisited as circumstances arise during the 
prenatal course that will influence the patient’s risks and/or benefits. The process 
continues throughout the labor course as the status of labor progress becomes 
evident.

Warning signs for uterine rupture are listed in Box 2. Continuation of a trial of labor in 
the setting of these signs is inadvisable. However, the decision to continue with 
a TOLAC should be reviewed in the setting of poor labor progress when whether to 
augment labor with pitocin must be determined. Patients should be made aware of 
their right to revoke consent for TOLAC at any time during labor and opt for a cesarean. 
Even in the absence of any obstetric or medical indication to undergo repeat cesarean, 
continuing with TOLAC after the patient has requested a cesarean is considered 
proceeding without consent.27

Second, physicians must practice evidence-based medicine, including following 
the generally accepted standards of labor progress in the active phase. They must 
adhere to the guidelines for oxytocin use at their institution. The standard nomencla­
ture must be used for the classification and interpretation of fetal heart rate tracings. 
Although these recommendations may seem obvious, many VBAC lawsuits hinge on 
alleged inappropriate use of oxytocin, failure to interpret the fetal heart rate tracing 
properly, or failure to perform a timely cesarean.
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Box 1
Suggested elements of informed consent for TOLAC

• The patient understands her options of either undergoing a repeat cesarean delivery or 
TOLAC

• The risks and benefits of each of these options are discussed with the patient

• The success rate of VBAC is between 60% and 80%

• Factors for each patient that will either increase or decrease her expected success rate are 
noted in the discussion

o Increased success: prior vaginal delivery, prior VBAC, spontaneous labor, prior cesarean for 
a nonrecurrent indication (eg, breech presentation)

o Decreased success: advanced maternal age, non-white ethnicity, maternal obesity, 
recurrent indication for the prior cesarean, higher estimated fetal weight/suspected 
macrosomia, gestational age >40 weeks, need for induction of labor

• The risk of uterine rupture is 0.5% to 1 % for patients with one prior low transverse cesarean 
delivery

• Some literature supports an increased risk of uterine rupture in the setting of induction or 
augmentation of labor, and suggests the risk may increase with higher dosages of pitocin

o The patient may attempt a TOLAC but decline use of induction/augmentation agents

• A failed TOLAC is associated with a higher risk of complications than an elective repeat 
cesarean, because most maternal morbidity occurs when a cesarean becomes necessary 
during labor and/or a uterine rupture occurs

• A ruptured uterus may result in maternal complications such as hemorrhage, organ injury, 
infection, thromboembolism, hysterectomy, brain damage, and death

• A ruptured uterus may result in severe neonatal complications, including brain damage 
and/or death

• If the uterus ruptures, insufficient time may be available to operate and prevent permanent 
injury to or death of the infant, even under the most optimal circumstances

• The hospital's resources, including the availability of obstetric, pediatric, anesthetic, and 
operating room staff, are reviewed

• At any point before or during the labor course the patient may revoke her consent for TOLAC 
and proceed with a repeat cesarean

These are the authors' suggestions for the elements of the ideal informed consent process and 
should not be considered the current standard of care for the management of these patients.

Finally, everything must be documented. The informed consent process should be 
documented in the patient’s medical record wherever appropriate. The patient’s 
signature at the bottom of a standard Labor and Delivery consent form does not 
suffice. Physicians are advised to have the patient sign a specific consent form for 
TOLAC during the antenatal period, and this form should be referenced or reaffirmed 
when she is admitted to the labor unit. In addition, discussions and decisions made 
during the course of labor should be documented thoroughly.

How protective will these efforts be? In the setting of adequate informed consent, in 
which the standard of care was met for the management of a patient undergoing 
TOLAC, and for which all events were sufficiently documented in the medical record, 
will providers still be subject to successful lawsuits? Unfortunately, the answer is yes. 
A 1996 study of malpractice cases showed that the severity of the patient’s disability 
was predictive of payment to the plaintiff, whereas the occurrence of an adverse event
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Box 2
Warning signs of uterine rupture

• Fetal heart rate tracing abnormalities

o Classic pattern: recurrent variable decelerations

o Other patterns: bradycardia, recurrent late decelerations

• Severe, acute, constant abdominal pain

• Loss of fetal station

• Heavy vaginal bleeding

• Maternal tachycardia and/or hypotension

related to negligence was not. This is probably because the former cases were pref­
erentially settled rather than risk an exorbitant jury verdict.28 However, rigorous 
informed consent and standard of care management should maximize protection 
for physicians offering TOLAC.

In another analysis of claims involving obstetric practice, Clark and colleagues29 
found that 80% of cases involving VBAC were avoidable had three conditions been 
met: (1) trials were limited to women entering labor spontaneously, (2) trials continued 
only if a normal, nonaugmented labor curve was followed, (3) trials continued only in 
the absence of significant, repetitive variable decelerations or other indicators of fetal 
compromise. Although this strategy may be more protective from litigation, it would 
significantly restrict the number of candidates for this procedure, and likely reduce 
the number who will have a successful VBAC. Can restricting trials of VBAC in the 
interest of preventing litigation be justified? Or could an approach like this be 
a compromise for lower-resource settings in which TOLAC is not likely to be available 
at all?

Regionalization of care has also been proposed as a mechanism to facilitate access 
for patients desiring TOLAC. Although this may be feasible for urban areas with 
multiple large medical centers, the need is greatest in rural settings where the logistics 
of this strategy would be formidable. The notion of individual centers developing 
expertise in managing TOLACs has definite appeal, which may translate into improved 
outcomes for these patients. However, this model does not address the increased liti­
gation risk that these centers might face.

The ultimate solution to the VBAC dilemma will clearly not be found within the 
current system. Medical courts, tighter regulation of medical experts, dispute resolu­
tion, and no-fault regulation have all been described as potential ways to make the 
system more efficient, more equitable, and ultimately more supportive of families 
who need financial support regardless of whether the injury was a result of medical 
negligence.30 In addition, more concerted efforts to enhance patient safety should 
offset some of the pressure of liability.31

In his Inaugural Address from the 2010 Annual Meeting as the new President of 
ACOG, Dr Richard N. Waldman stated:

Each one of us enters the labor and delivery room shouldering our concern for our 
two patients and weighed down by the overwhelming yoke of liability. Our deci­
sions are still made as much by art as they are by science. We have always 
accepted the burden of making the difficult decisions for mother and baby but 
they were hard enough before the culture of legal fear invaded our maternity units. 
Those buck stop here decisions are tough enough without fears of losing our
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liability insurance, our livelihood, our financial reserves, or being publicly humili­
ated. Liability dampens our spirits but unfortunately, it is also starting to define 
our specialty.32

The hope is that in the coming years liability concerns will not result in an end to the 
practice of VBAC.
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In 2010, an important year for the topic of vaginal birth after cesarean delivery (VBAC), 
both a National Institutes of Health (NIH) consensus panel,1 on which one of the authors 
(LBM) served, and the American College of Obstetricians and Gynecologists (ACOG)2 
issued updated statements. Both statements agree that there should be a thorough, 
evidence-based informed consent process in which pregnant women with a prior 
cesarean delivery are counseled concerning the option of VBAC. The evidence base 
for this counseling is discussed elsewhere in this issue. Both statements also agree 
that ethics is an essential dimension of counseling about VBAC. The purpose of this 
article is to provide a practical ethical framework for physicians to use in the informed 
consent process for trial of labor after cesarean delivery (TOLAC).

A PRIMER ON OBSTETRIC ETHICS

Ethics has been understood for centuries in the history of philosophy as the disciplined 
study of morality. Medical ethics is the disciplined study of morality in medicine. On the 
basis of reasoned argument, medical ethics seeks to identify in a practical fashion the 
obligations of physicians and health care organizations to patients as well as the obli­
gations of patients.3 Medical ethics since the eighteenth-century European and Amer­
ican Enlightenments has been secular in two important senses.4 It makes no reference 
to God or revealed tradition but to what reasoned argument requires and produces. At 
the same time, secular medical ethics is not intrinsically hostile to religious beliefs.
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Therefore, ethical principles and virtues should be understood to apply to all physi­
cians, regardless of their personal religious and spiritual beliefs.5

The traditions and practices of medicine constitute a crucial source of morality for 
physicians. The traditions and practices of medicine provide an important reference 
point for medical ethics because they are based on the obligation to protect and 
promote the health-related interests of patients. This obligation tells physicians what 
morality in medicine ought to be but in general, abstract terms. Providing a more 
concrete, clinically applicable account of that obligation is the central task of medical 
ethics, using the ethical principles of beneficence and respect for autonomy.3

The ethical principle of beneficence in general requires one to act in a way that is 
expected reliably to produce the greater balance of benefits over harms in the lives 
of others.5 To put this principle into clinical practice requires a reliable account of 
the benefits and harms relevant to the care of patients and of how those goods and 
harms should be reasonably balanced against each other,6 as is the case for TOLAC. 
In medicine, the principle of beneficence requires physicians to act in a way that is 
reliably expected to produce the greater balance of clinical benefits over harms for 
patients.3

Nonmaleficence means that physicians should prevent causing harm and is best 
understood as expressing the limits of beneficence.5 This is also known as primum 
non nocere (first do no harm). This commonly invoked dogma is really a latinized misin­
terpretation of the hippocratic texts, which emphasized beneficence while avoiding 
harm when approaching the limits of medicine.3 Nonmaleficence should be incorpo­
rated into beneficence-based clinical judgment: when a physician approaches the 
limits of beneficence-based clinical judgment (ie, when the evidence for expected 
benefit diminishes and the risks of clinical harm increase), then the physician should 
proceed with great caution. Physicians should be especially concerned with prevent­
ing serious, far-reaching, and irreversible clinical harm to patients.

The ethical principle of respect for patient autonomy requires that physicians always 
acknowledge and carry out the value-based preferences of adult, competent patients, 
unless there is compelling ethical justification for not doing so.5 Pregnant patients 
increasingly bring to their medical care their own perspective on what is their interest. 
The principle of respect for autonomy translates into autonomy-based clinical judg­
ment. Because each patient’s perspective on her interests is a function of her values 
and beliefs, it is impossible to specify the benefits and harms of autonomy-based clin­
ical judgment in advance. Indeed, it is inappropriate for a physician to do so, because 
the definition of her benefits and harms and their balancing are the prerogative of the 
patient.3

The ethical principles of respect for autonomy and beneficence shape the informed 
consent process.3,5 We start with the physician’s role in that process. Physicians 
should (1) recognize the capacity of each pregnant patient to deal with medical 
information and not underestimate that capacity; (2) recognize the validity of the 
values and beliefs of patients; (3) offer all medically reasonable alternatives for 
managing a patient’s pregnancy (ie, technically possible alternatives supported by 
evidence-based and beneficence-based clinical judgment about maternal and fetal 
outcomes); (4) provide information about the clinical benefits and risks of each medi­
cally reasonable alternative; (5) recommend a medically reasonable alternative when, 
in evidence-based clinical judgment, it is clearly superior; (6) recommend against 
technically possible alternatives that are not supported in evidence-based, benefi­
cence-based clinical judgment; (6) ensure that a patient’s decision-making process 
is voluntary, an especially important consideration regarding pregnant teens; and (7) 
elicit a patient’s value-based preference.3
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Patients have an important role to play in the informed consent process. Patients 
should (1) absorb, retain, and recall as needed information about their pregnancy 
and the medically reasonable alternatives for managing the pregnancy; (2) understand 
this information; (3) appreciate that this information applies to them; (4) evaluate the 
medically reasonable alternatives on the basis of their own values and beliefs; and 
(5) express a value-based preference.7

The legal obligations of physicians regarding informed consent were established in 
a series of cases during the twentieth century. In 1914, Schloendorff v The Society of 
The New York Hospital established the concept of simple consent: Did the patient say 
“yes” or “no” to medical intervention?8,9 To this day in the medical and bioethics liter­
ature, this decision is quoted: “Every human being of adult years and sound mind has 
the right to determine what shall be done with his body, and a surgeon who performs 
an operation without his patient’s consent commits an assault for which he is liable in 
damages.”9 The legal requirement of consent further evolved to include disclosure of 
information sufficient to enable patients to make informed decisions about whether to 
say “yes” or “no” to medical intervention.8

The ethical principles of beneficence and respect for autonomy play a crucial role in 
obstetric ethics. There are beneficence-based and autonomy-based obligations to 
pregnant patients: a physician’s perspective on a pregnant woman’s health-related 
interests provides the basis for the physician’s beneficence-based obligations to 
her whereas her own perspective on those interests provides the basis for the physi­
cian’s autonomy-based obligations to her. Because of an insufficiently developed 
central nervous system, the fetus cannot meaningfully be said to possess values 
and beliefs. Thus, there is no basis for saying that a fetus has a perspective on its inter­
ests. There can, therefore, be no autonomy-based obligations to any fetus. Hence, the 
language of fetal rights has no meaning and, therefore, no application to the fetus in 
obstetric clinical judgment and practice despite its popularity in public and political 
discourse in the United States and other countries. Physicians have a perspective 
on a fetus’ health-related interests, and physicians can have beneficence-based 
obligations to a fetus but only when a fetus is a patient.3

Rights are not required to be a patient. Rather, being a patient means that a patient 
can benefit from the applications of the clinical skills of a physician. Put more 
precisely, a human being without independent moral status is properly regarded as 
a patient when two conditions are met—that a human being (1) is presented to a physi­
cian and (2) there exist clinical interventions that are reliably expected to be efficacious 
in that they are reliably expected to result in a greater balance of clinical benefits over 
harms for the human being in question.3

The authors have argued elsewhere that beneficence-based obligations to the fetus 
exist when a fetus is reliably expected later to achieve independent moral status as 
a child and person.3 That is, the fetus is a patient when the fetus is presented for 
medical interventions, whether diagnostic or therapeutic, that reasonably can be 
expected to result in a greater balance of goods over harms for the child and person 
the fetus can later become during early childhood. The ethical significance of the 
concept of the fetus as patient, therefore, depends on links that can be established 
between the fetus and its later achieving independent moral status.

One such link is viability. Viability, however, must be understood in terms of both 
biologic and technological factors. It is only by virtue of both factors that a viable fetus 
can exist ex utero and thus achieve independent moral status. When a fetus is viable, 
that is, when it is of sufficient maturity so that it can survive into the neonatal period 
and achieve independent moral status given the availability of the requisite technolog­
ical support, and when it is presented to the physician, the fetus is a patient.
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Viability exists as a function of biomedical and technological capacities, which are 
different in different parts of the world. As a consequence, there is, at the present time, 
no worldwide, uniform gestational age to define viability. In the United States, viability 
presently occurs at approximately 24 weeks of gestational age.10'11

The only possible link between a previable fetus and the child it can become is the 
pregnant woman’s autonomy. This is because technological factors cannot result in 
a previable fetus becoming a child. The link, therefore, between a fetus and the child 
it can become when the fetus is previable can be established only by the pregnant 
woman’s decision to confer the status of being a patient on her previable fetus. The 
previable fetus, therefore, has no claim to the status of being a patient independently 
of the pregnant woman’s autonomy. The pregnant woman is free to withhold, confer, 
or, having once conferred, withdraw the status of being a patient on or from her previ­
able fetus according to her own values and beliefs. The previable fetus is presented to 
the physician as a function of the pregnant woman’s autonomy.3

OFFERING AND RECOMMENDING TOLAC IN THE INFORMED CONSENT PROCESS

In some cases, both elective repeat cesarean and TOLAC are supported in evidence­
based, beneficence-based clinical judgment and, therefore, should be offered in clin­
ical settings where TOLAC can be performed safely. The NIH consensus panel1 and 
ACOG2 statements agree that TOLAC after a previous single low transverse uterine 
incision is medically reasonable and should be offered when there was one previous 
low transverse incision. In the language of obstetric ethics, the evidence supports the 
clinical judgment that the clinical risks of TOLAC to both pregnant and fetal patients 
are acceptable when there has been one previous low transverse incision. Elective 
repeat cesarean delivery also has acceptable risks to both pregnant and fetal patients. 
Both TOLAC and elective repeat cesarean delivery are, therefore, supported in 
evidence-based, beneficence-based clinical judgment. Both, therefore, should be 
offered to pregnant women who have had one previous low transverse incision.

There are some cases in which elective repeat cesarean delivery is substantively 
supported and TOLAC is not supported in beneficence-based clinical judgment. For 
example, when a pregnant woman has had a previous classical incision on her uterus, 
cesarean delivery is preferable to TOLAC because cesarean prevents the fetal and 
maternal risk of a ruptured classical incision in the uterus. Vaginal delivery in such 
circumstances results in a substantial increase in morbidity and mortality for both 
pregnant and fetal patients. Only cesarean delivery should be offered and recommen­
ded to pregnant women with a previous classical incision. It follows that obstetricians 
should recommend against TOLAC in such cases.

TOLAC after to previous low transverse incisions is controversial. The ACOG state­
ment, on the basis of level B evidence, states: “Women with two previous low trans­
verse incisions may be considered candidates for TOLAC.”2 The NIH consensus panel 
was silent on this topic.1 Level B evidence is inherently controversial. As a result, 
competing evidence-based, beneficence clinical judgment about the safety for preg­
nant and fetal patients of TOLAC when a pregnant woman has had two previous low 
transverse incisions it to be expected. TOLAC may be offered but an obstetrician is 
obligated to explain the uncertainties of the evidence.

SUMMARY

Ethics is an essential component of offering and recommending TOLAC in the 
informed consent process with pregnant women who have had a prior cesarean 
delivery. For women with one previous low transverse incision, both TOLAC and
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elective repeat cesarean delivery should be offered. Obstetricians should recommend 
against TOLAC when pregnant women have had a previous classical incision. TOLAC 
after two previous low transverse incisions may be offered provided that the informed 
consent process presents the uncertainties of the evidence.
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Cesarean delivery rates in the United States have reached an all-time high. The current 
rate of 31% is 6 times higher than the rate in the 1970s.1’2 Many factors including 
physician preference and hospital accessibility account for this trend. A decreased 
vaginal birth after cesarean (VBAC) rate and an increased repeat cesarean rate have 
important consequences for women in future pregnancies. Because of these consid­
erations, VBAC has been an important issue within the obstetric community for over 3 
decades.

Attempts to decrease the repeat cesarean rate and increase the VBAC rate in the 
United States resulted in moderate success more than 15 years ago. In 1981, the 
VBAC rate was 5%. This rate increased to a maximum of 28.3% in 1996.2'3 Relatively 
low VBAC rates in the past were likely due to decreased attempts at trial of labor after 
cesarean (TOLAC) as opposed to actual decreased VBAC success.4 TOLAC clearly 
has both short-term and long-term benefits for the women who are successful in 
achieving a vaginal delivery.5

Whereas women who undergo repeat cesarean delivery are subjected to the risks of 
the surgical procedure—operative injury, blood transfusion, and endometritis—the 
highest morbidity occurs in women who attempt a TOLAC and are unsuccessful.6-8 
Women who labor and then require cesarean deliveries are subject to the morbidity 
of the procedure in addition to an exacerbation of the risks inherent in an unscheduled 
procedure. As the reports of uterine rupture and complications associated with 
TOLAC have increased, the trend in VBACs over the past decade has shifted in the 
opposite direction, with a decrease in VBAC rate to 8.5% and a total cesarean rate 
of 31.1% in 2006.2

The current goal of the obstetric community should be to decrease the morbidity in 
women attempting TOLAC on an individual level as well as to decrease the number of

The authors have no financial disclosures.
Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, Washington 
University in St Louis, Campus Box 8064, 660 South Euclid, St Louis, MO 63110, USA
* Corresponding author.
E-mail address: shanksa@wudosis.wustl.edu

Clin Perinatol 38 (2011) 233-245
doi:10.1016/j.clp.2011.03.011 perinatology.theclinics.com
0095-5108/11/$ - see front matter © 2011 Elsevier Inc. All rights reserved.

Aku
sh

er
-L

ib.
ru

mailto:shanksa@wudosis.wustl.edu
perinatology.theclinics.com


234 Shanks & Cahill

repeat cesarean deliveries. Further, it is critical for practitioners to realize that for 
women with a history of a prior low transverse cesarean, the mode of delivery associ­
ated with the least maternal morbidity is successful TOLAC. Therefore, identifying 
appropriate candidates, namely women likely to experience success in undergoing 
TOLAC, is most important.

THE ACOG PERSPECTIVE

The American College of Obstetrics and Gynecology (ACOG) recently updated recom­
mendations for VBAC and TOLAC (2010). The previous practice bulletin highlighted 
the risk of uterine rupture for women undergoing a TOLAC. These risks differed 
depending on the location of the incision on the uterus. For women with one prior 
low transverse uterine incision, the risk of uterine rupture was less than 1% with 
a TOLAC.8 For women with incisions that extend into the contractile portion of the 
uterus, the risk may be as high as 4% to 9%.9

Uterine rupture is a potentially catastrophic outcome, and warrants appropriate 
attention.10 It has been associated with an increased risk of neonatal compromise, 
blood transfusion, and hysterectomy. However, the absolute risk is low after one prior 
cesarean and is also lower than initially estimated for women with a history of 2 or 
more cesarean deliveries.8 In a departure from previous ACOG recommendations, 2 
prior cesarean deliveries are no longer a contraindication to TOLAC without a prior 
vaginal birth, and appropriately reflect the best available data.11,12

The focus of the updated practice bulletin is identifying appropriate candidates for 
TOLAC. Whereas successful VBAC is associated with the lowest risk of maternal 
morbidity, failed TOLAC attempts with subsequent repeat cesarean delivery are asso­
ciated with the highest. This outcome is likely because of changes to the normal 
female reproductive anatomy with labor in addition to the emergent nature of the 
surgery. Maternal outcomes for cesarean delivery after failed TOLAC are clearly worse 
than with scheduled repeat cesarean section. Proper identification of appropriate 
candidates thus helps to increase the VBAC rate while minimizing the morbidity of 
failed TOLACs. The objective of this review is to highlight the data on obstetric factors 
and assess their impact on VBAC success.

CONTRAINDICATIONS TO TOLAC

The clinician’s goal is to identify candidates who are most likely to achieve a successful 
VBAC. It is therefore prudent to identify patients in whom a TOLAC is contraindicated. 
Placenta previa and prior fundal surgery are two conditions that warrant specific atten­
tion. As previously noted, the risk of uterine rupture with TOLAC after one prior 
cesarean delivery is known to be less than 1 %.8 Women with prior fundal surgery- 
previous uterine incisions that extend into the contractile portions of the uterus- 
have a higher rate of uterine rupture and are poor candidates for a planned TOLAC.13 
It has also been shown that women with a prior uterine rupture have a high likelihood 
for recurrent rupture. Case series report a risk of recurrent uterine rupture of 6% for 
scars that are confined to the lower uterine segment. Repeat rupture rates may be 
as high as 32% for those that extend to the fundus.14'15

While not contraindicated from a vaginal delivery, breech presentation and an esti­
mated fetal weight of greater than 5000 g are two examples in which a repeat cesarean 
delivery may reduce the morbidity to the patient.16 The mode of delivery can be reeval­
uated in certain clinical contexts; however, patients with known contraindications to 
vaginal delivery are clearly poor TOLAC candidates.
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FACTORS

The success rate for VBAC has been described as 60% to 80%,17,18 and the rate may 
depend on prognostic factors that are identified by the dutiful obstetrician.19 Indica­
tions for the previous cesarean delivery and labor are just two of the factors that 
have been evaluated to determine VBAC success rates. Gregory and colleagues20 
used a population-based cohort to determine that low-risk women with no maternal, 
fetal, or placental complications of pregnancy experienced a 73.6% success rate; this 
was contrasted with a 50.31 % success rate for women with one of these factors.

Algorithms and online calculators exist that incorporate these factors and provide 
individual risk assessments,21-23 with varying results. The goal of these risk assess­
ments is to identify the patients most likely to deliver vaginally and thereby decrease 
the chances that a woman will fail a TOLAC. One decision model favored a trial of labor 
if the VBAC success rate was 50% or more.24 The most robust prediction model for 
success to date has been provided by Grobman and colleagues.25

Regardless of the nomogram used, clinical acumen remains important to identifying 
good TOLAC candidates. Table 1 lists commonly investigated variables and the 
resulting VBAC success rate. A thorough evaluation of these multiple factors is essen­
tial in the process of patient selection.

Prior Vaginal Birth

One of the greatest predictors of VBAC success is prior vaginal delivery, and specif­
ically prior VBAC. Mercer and colleagues26 used a prospective multicenter registry to 
estimate the success rates and risk of VBAC stratified by number of prior cesarean 
deliveries. These investigators found that the rate of uterine rupture decreased after 
the first successful VBAC and did not increase with subsequent vaginal deliveries 
(0.87% risk after VBAC, 0.52% after 5 deliveries). The VBAC success rate also 
increased with increasing numbers of prior VBACs (63.3%, 87.6%, 90.9%, 90.6%, 
and 91.6% for 0, 1, 2, 3, and 4). The results of this analysis dispelled the notion that 
multiple VBACs potentially weakened the lower uterine scar and drove home the posi­
tive impact of a prior VBAC.

The Maternal-Fetal Medicine Units (MFMU) Cesarean Registry also served Landon 
and colleagues27 as an excellent cohort in evaluating the factors that affect VBAC 
success. Their 4-year multicenter prospective observational study included 14,529 
term pregnancies that underwent TOLAC. VBAC was successful in 10,690 (73.6%). 
Previous vaginal delivery portended the greatest increased odds ratio (OR) for 
VBAC success (OR 3.9,95% confidence interval [Cl] 3.6-4.3). Other factors predictive 
of VBAC success included previous indication not for dystocia (OR 1.7, 95% Cl 
1.5-1.8), spontaneous labor (OR 1.6, 95% Cl 1.5-1.8), birth weight <4000 g (OR 2.0, 
95% Cl 1.8-2.3), and Caucasian race (OR 1.8, 95% Cl 1.6-1.9).

In a retrospective cohort analysis of 6619 patients with a prior vaginal delivery, Cahill 
and colleagues28 found that women who underwent a TOLAC were less likely to expe­
rience uterine rupture, bladder artery, or artery laceration than were women who 
underwent a repeat cesarean delivery. In that study, women who underwent TOLAC 
also had a lower risk for fever and transfusions. Women with a prior vaginal delivery 
who attempt TOLAC should be counseled that they have an increased VBAC success 
rate with a low complication rate.

Induction/Augmentation of Labor

Induction of labor in patients with a prior cesarean has been associated with an 
increased risk of uterine rupture. In 2001 Lydon-Rochelle and colleagues29 evaluated

Aku
sh

er
-L

ib.
ru



236 Shanks & Cahill

Aku
sh

er
-L

ib.
ru



Vaginal Delivery After Prior Cesarean 237

cn <y> 
r-- r-

£ 
o 
cxj

LT)

£ 
o

<r> 
co

o

o
oo

A
bb

re
vi

at
io

ns
: B

M
I, 

bo
dy

 m
as

s 
in

de
x;

 C
l, c

on
fid

en
ce

 in
te

rv
al

; C
PD

, c
ep

ha
lo

pe
lv

ic
 d

is
pr

op
or

tio
n;

 C
S,

 c
es

ar
ea

n 
se

ct
io

n;
 E

D
D

, e
xp

ec
te

d 
da

te
 o

f d
el

iv
er

y;
 F

TP
,  f

ai
lu

re
 to

 
pr

og
re

ss
; N

/A
,  d

at
a 

no
t  a

va
ila

bl
e;

 O
R

,  o
dd

s 
ra

tio
;  V

BA
C

, v
ag

in
al

 bi
rth

 a
fte

r  c
es

ar
ea

n.

Aku
sh

er
-L

ib.
ru



238 Shanks & Cahill

20,095 women with a prior cesarean delivery and determined that the risk of rupture 
was 0.52% if labor occurred spontaneously. This result contrasted with a risk of 
uterine rupture of 0.77% if labor was induced without prostaglandins and 2.24% if 
induced with prostaglandins.

Not only is induced labor associated with an increased risk of uterine rupture, it is 
also less likely to result in successful VBAC.27,30 In a prospective, observational study 
of 236 women with a prior cesarean delivery who underwent TOLAC, the vaginal 
delivery rate was significantly higher in patients who presented in spontaneous labor 
compared with patients requiring induction (77.1% vs 57.9%, OR 2.45, 95% Cl 1.24- 
4.82).30 The MFMU study revealed that induction of labor (OR 0.5, 95% Cl 0.45-0.55) 
and augmentation of labor (OR 0.68, 95% Cl 0.62-0.75) were both associated with 
decreased odds of delivering vaginally compared with spontaneous labor.27

Conversely, spontaneous labor increases the odds of achieving a successful VBAC. 
Meta-analyses have consistently shown that spontaneous labor portends a greater 
chance of VBAC success than induction or augmentation of labor.31 Although induc­
tion of labor is not contraindicated with a prior cesarean delivery, it makes VBAC 
success less likely and therefore should be considered in the counseling process. 
The importance of dynamic counseling cannot be underestimated. The need for 
induction may arise or, conversely, the patient may present in spontaneous labor 
and may change a physician’s previous recommendations.

Number of Prior Cesareans

Whereas 2 prior cesarean deliveries were previously viewed as a contraindication to 
TOLAC, more recent data suggest that these patients may be candidates for a TOLAC 
attempt. A recent meta-analysis of patients attempting VBAC after 2 prior vaginal 
deliveries noted a VBAC success rate of 71.1% and a uterine rupture rate of 
1.36% .32 These results are similar to those of patients with one prior cesarean section. 
Other studies have reported high VBAC success rates in patients with 2 or more cesar­
eans compared with women with only one prior cesarean section.12,33 There are also 
data to suggest that patients with 3 prior cesarean deliveries have similar success 
rates for vaginal delivery to women with one prior cesarean delivery. In a retrospective 
review by Cahill and colleagues,34 860 women with 3 or more prior cesarean sections 
were evaluated. Eighty-nine of these women had a TOLAC with a success rate for 
VBAC of 79.8% and no cases of uterine rupture. Together, these studies continue 
to support the fact that the overall risk of uterine rupture is low, even in women with 
more than one prior cesarean, and that while remaining part of the important coun­
seling, focus should be shifted to identifying patients who would be good candidates 
for VBAC success. In accordance with some of the aforementioned findings of a low 
risk of uterine rupture with similar rates of VBAC success, ACOG supports women with 
1 or 2 prior cesareans as candidates for a TOLAC.13

Indication for Cesarean Section

A detailed obstetric history will help counsel women contemplating a TOLAC. It has 
been clearly demonstrated that the indication for previous cesarean section affects 
the future in VBAC success. For patients who have a nonrecurring indication, such 
as breech presentation or nonreassuring fetal status, chances of VBAC success are 
higher than with other indications that could recur such as arrest disorders and labor 
dystocia.35 This approach is intuitive, as factors that contributed to the initial cesarean 
delivery, such as limited pelvic capacity, may still be present.

Of interest, augmentation in the index pregnancy that resulted in cesarean delivery 
has also been associated with a decreased VBAC success rate. Spaans and
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colleagues36 evaluated the labor patterns in the index pregnancy and the rate of VBAC 
success in subsequent pregnancies. Two hundred and fourteen women were evalu­
ated. Sixty-eight percent attempted a TOLAC and 71.4% were successful. Oxytocin 
use (OR 3.1, 95% Cl 1.4-7.1), contractions longer than 12 hours (OR 3.0, 95% Cl 
1.3-7.0), and dilation less than 1 cm/h (OR 5.6, 95% Cl 1.1-39.4) were all associated 
with decreased of VBAC success in future pregnancies.

Using 60% to 80% VBAC success rate as a general reference, women with a nonre­
curring indication represent the upper end of this range. For recurring indications, 
success rates are clearly lower.

Maternal Age

In determining a patient’s risk, maternal age may assist in counseling. Srinivas and 
colleagues37 estimated the effect of maternal age on VBAC success. Using the age 
range 21 to 34 as a reference group, women aged 15 to 20 years were 27% less likely 
to have a failed VBAC. Compared with women younger than 35 years, women older 
than 35 were more likely to experience an unsuccessful trial of labor (OR 1.14, 95% 
Cl 1.03-1.25) and were 39% more likely to experience VBAC-related complications.

Uterine Anomalies

Many women are diagnosed with a uterine anomaly at the time of their index cesarean 
section and request information for a subsequent pregnancy. This situation was eval­
uated by a retrospective, population-based study by Erez and colleagues38 to deter­
mine the rate of success and complications in patients with Mullerian anomalies 
undergoing a TOLAC. There were 165 women in the cohort of 5571 eligible patients. 
The VBAC success rate was 37.6% for women with Mullerian anomalies and 50.7% 
for those with a normal uterus (P<.0009). There were 10 cases of uterine rupture; 
however, these all occurred in women with a normal uterus. Women with a uterine 
anomaly should be counseled that based on the small amount of data available on 
their relatively rare condition, their risk of uterine rupture is low but they may have 
an increased risk of failed TOLAC.

Macrosomia

The effect of fetal size was evaluated by Peaceman and colleagues39 using the MFMU 
Cesarean Registry. The investigators specifically studied patients whose prior 
cesarean delivery was performed for dystocia, defined as a failed induction, cephalo- 
pelvic disproportion, failure to progress, or failed forceps or vacuum. VBAC success in 
a subsequent pregnancy was 54% if the previous cesarean was performed for 
dystocia. This result contrasted with 67% for other indications (P<.01). Of interest, if 
the fetal weight of the current pregnancy attempting VBAC exceeded the initial preg­
nancy by 500 g, the success rate was only 38%. The odds of success decreased 3.8% 
for every increase of 100 g.

Older retrospective analyses of VBAC attempts noted that infants with birth weights 
of more than 4000 g were less likely to deliver vaginally.40,41 The fetal size in the current 
pregnancy can therefore be used to assist clinical decision making and mode of 
delivery.

Maternal Body Mass Index

Maternal obesity and diabetes both appear to adversely affect VBAC success rates.42 
Juhasz and colleagues43 evaluated VBAC success rates and stratified these by body 
mass index (BMI; calculated as the weight in kilograms divided by height in meters 
squared, ie, kg/m2). A total of 1213 women were evaluated. The success rate for
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a BMI less than 19.8 was 83.1%. This figure decreased as BMI increased. For BMI 
19.8 to 26, the success rate decreased to 79.9%. For BMI 26.1 to 29, the rate 
decreased further to 69.3%. For BMI greater than 29, the rate was 68.2% (P<.001).

A retrospective analysis by Durnwald and colleagues44 also evaluated the VBAC 
success rate in obese and overweight women. Of 510 women in their cohort with 
one prior cesarean delivery who attempted a TOLAC, 337 (66%) were successful. 
The success rate was significantly lower for women with a BMI greater than 30 
(54.6%, P = .003) compared with women with a normal BMI (70.5%). Of interest, 
women who gained weight between pregnancies also had a decreased VBAC 
success rate. Women whose BMI was normal but became overweight (BMI 
25-29.9) before their second pregnancy had a 56.6% VBAC success rate. This finding 
was in contrast to women who remained at a normal BMI, who had a success rate of 
74.2% (P = .006).

Other studies have correlated the adverse effect of maternal obesity on VBAC 
success. Landon and colleagues27 evaluated multiple factors in determining VBAC 
success rate. The overall VBAC success rate in obese women (BMI >30) was 
68.4%, compared with a rate of 79.6% in nonobese women-(P<.001).

Carroll and colleagues45 evaluated the VBAC success rate by maternal prepreg­
nancy weight. For patients weighing less than 200 lb (91 kg), the VBAC success 
rate was 81.8%. The success rate was lower for women between 200 and 300 lb 
(91-136 kg), at 57.1%. It was lowest for women heavier than 300 lb (136 kg), at 
13.3% (P = .001). Infectious morbidity was also greatest in obese women, at 39%. 
The infectious morbidity for lean women was 5.7% (P = .001). In another retrospective 
cohort study, the VBAC failure rate was higher for pregestational diabetics than for 
nondiabetics (38% vs 24%, P<.001).46 Women with increased BMI clearly experience 
decreased VBAC success rates.

Ethnicity

Gestational diabetes and preeclampsia are just two pregnancy-related conditions that 
are increased in certain ethnicities.47,48 VBAC success rates also can be added to this 
list. Hollard and colleagues49 used a retrospective cohort study to determine the odds 
of VBAC success for multiple ethnicities. These investigators found a significant differ­
ence between Caucasians, Hispanics, and African Americans in terms of VBAC 
success (79.3%, 79.3%, and 70%, respectively). When compared with Caucasian 
women, the adjusted odds ratio for African American women was 0.37 (95% Cl 
0.27-0.5), and 0.63 (95% Cl 0.51-0.79) for Hispanic women. Although there are likely 
confounders within the VBAC success rate, maternal ethnicity does seem to affect the 
rate of success.50

Prematurity

Whereas postdates has been associated with a nonstatistically significant decrease in 
VBAC success, prematurity has been associated with an increase in VBAC success 
rate. A large retrospective analysis by Quinones and colleagues51 evaluated 20,156 
women with a prior cesarean section. TOLAC was attempted in 61%. The VBAC 
success rate for term and preterm was 74% and 82%, respectively (P<.001). Multivari­
able analysis showed that the VBAC was higher in preterm gestations (adjusted OR 
1.54, 95% Cl 1.27-1.86).

The MFMU Network observational study evaluated the rates of VBAC success and 
risks associated with TOLAC for preterm pregnancies with a prior cesarean delivery.52 
A total of 2338 preterm women with a history of cesarean delivery underwent a TOLAC. 
The VBAC success rate was similar in a comparison of the preterm group with a term
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cohort of 15,331 women (72.8% vs 73.3%, P = .64). The rates of uterine rupture 
(0.34% vs 0.74%, P = .03) and dehiscence (0.26% vs 0.67%, P = .02) were lower 
for the preterm delivery when compared with term delivery. The patient with a prior 
cesarean who presents preterm should be informed that early gestational age is not 
a contraindication to a VBAC attempt.

Interpregnancy Interval

Previous studies have been performed to address the impact of interpregnancy 
interval. Huang and colleagues53 used a large cohort of patients with one prior 
cesarean section to determine the influence of interpregnancy interval on VBAC 
success. A total of 1516 patients were evaluated with complete information for 
1185. The VBAC success rate was 79.0% for patients with an interpregnancy delivery 
interval of less than 19 months. The success rate was not significantly different for 
patients with an interpregnancy interval greater than 19 months (85.5%, P = .12). 
However, women with an interpregnancy interval of less than 19 months who under­
went induction had a decreased VBAC success rate compared with patients who 
presented in spontaneous labor. The results of this study underscore the importance 
of spontaneous labor in terms of VBAC success.

ALGORITHMS

Multiple investigators have attempted to create formulas to calculate individual 
specific results, and these have been achieved with varying degrees of success. Cos- 
tantine and colleagues54 used a cohort of term women with a history of one prior 
cesarean delivery to create a prediction model. Variables analyzed included age, 
BMI, ethnicity, prior vaginal delivery, prior VBAC, and indication for prior cesarean 
delivery. This model found that women’s predicted rate of success did not significantly 
differ from their predicted rate when it was below 50%>. The success rates were 
approximately 10% to 20% lower for women with predicted VBAC success rates of 
greater than 50%.

Grobman and colleagues25 also created a nomogram using factors available at the 
first prenatal visit. A total of 7660 women were available in this analysis, and factors 
evaluated included many of the variables mentioned in this article. Maternal age, 
BMI, ethnicity, prior vaginal delivery, and indication were all components of the logistic 
regression analysis. The investigators concluded that the nomogram was accurate 
and discriminating, and was a potentially useful tool for patient-specific rates of 
success.

Other useful equations are accessible via the Internet.25 Physicians can enter 
patient demographic information to obtain a “VBAC success rate” for a patient. 
Patients whose value is greater than 50% in achieving VBAC are deemed appropriate 
candidates. While this information is useful, it has yet to be validated and may not 
perform any better than simple clinical acumen. If a woman presents with a 60% to 
80% rate of VBAC success, the clinician must identify factors that place the patient 
at either end of this range of predicted VBAC success.

PRACTICAL APPLICATION

The woman who presents for care with a history of cesarean delivery is common in 
clinical practice. Practitioners must bear in mind that a successful VBAC carries the 
least morbidity for the woman with a history of cesarean, and that patient selection 
is paramount. As important is highlighting the range of success while individualizing 
risk estimation for each patient. The two most dominant factors that positively
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influence success are at least one prior vaginal birth and spontaneous labor. A detailed 
history indicating the circumstances around the index delivery are crucial for assess­
ing the patient’s risk and, ultimately, the likelihood of success in achieving a VBAC. 
Inquiries regarding fetal status and cervical dilation at the time of cesarean are impor­
tant for appropriate counseling. The goal of counseling is to not only identify women 
for potential TOLAC but also identify those that are unlikely to have VBAC success. 
Induction of labor, recurrent indication for cesarean delivery, morbid obesity, and fetal 
macrosomia are just some of the factors that can affect success and influence deci­
sion making.

It is also desirable to be flexible in formulating plans regarding the mode of delivery. 
A woman with 2 prior cesarean sections may be a poor VBAC candidate if she requires 
an induction of labor. However, should she present in spontaneous labor at 5-cm 
dilation, her risk profile and success rate change dramatically. Flexibility will allow clini­
cians the ability to achieve the goal of increasing the number of successful VBACs and 
decreasing the cesarean delivery rate.

SUMMARY

The dictum “once a cesarean, always a cesarean” still resonates despite a lack of 
evidence suggesting that this should be the case. It has been demonstrated that 
women who undergo successful VBAC have lower short-term and long-term 
morbidity. Conversely, women who are unsuccessful following TOLAC have the high­
est morbidity. Identifying the best candidates using factors available to the obstetri­
cian can serve the dual goal of increasing the VBAC success rate while minimizing 
maternal morbidity.
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The cesarean delivery rate has dramatically increased in the United States over the 
last 15 years. In 1996, the overall cesarean delivery rate was 20.7%, and by 2008 it 
had increased 50% to a record high of 32.3% of all births.1,2 As the number of 
cesarean births has increased, the adverse effects of this surgical procedure have 
also become apparent, which has recently reignited efforts to decrease the cesarean 
delivery rate.3 Repeat cesareans account for 30.9% of the indications for cesarean 
delivery,2 thus increasing the vaginal birth after cesarean delivery (VBAC) rate is one 
of the most important ways to reduce the overall cesarean delivery rate.

Pregnant women who had a cesarean delivery in a previous birth must choose 
between an elective repeat cesarean delivery (ERCD) or a trial of labor after cesarean 
(TOLAC). There are multiple considerations that affect this decision, including an indi­
vidualized risk of uterine rupture and chance of VBAC success, access to intrapartum 
care if she wants a TOLAC, and her personal desires for how her labor and birth
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proceed. Although there are several recent publications that summarize recommen­
ded prenatal counseling,4 most focus primarily on the risk of uterine rupture and the 
chance of VBAC success.5,6 Antepartum and intrapartum care practices that might 
improve maternal satisfaction and/or vaginal delivery rates have not been given 
much attention in the context of VBAC. This article reviews evidence-based antepar­
tum and intrapartum care practices that are known to improve maternal satisfaction 
and/or vaginal birth rates and explores how these care practices can be adapted 
for the woman undergoing a TOLAC. Although many of these techniques are 
frequently identified with midwifery care practices, they are found in many settings 
that focus on family-centered care.

Nationally, the proportion of women who attempt TOLAC after a previous cesarean 
delivery is approximately 17% to 28.8%, but there is wide regional and institutional 
variation.2,7 Western states have the highest VBAC rate and southern states have 
the lowest, with the northeast and midwest statistically between the west and south. 
Tertiary academic hospitals, teaching hospitals, and public hospitals have higher rates 
of VBAC than do community settings. DeFranco and colleagues8 conducted a retro­
spective cohort study of women who were offered VBAC in 17-hospitals in Pennsylva­
nia between 1996 and 2000 (n = 25,065) and found the VBAC attempt rate was 61 % in 
university hospitals and 50.4% in community hospitals.

VBAC rates seem to be higher when the provider is a family physician or certified 
nurse-midwife rather than an obstetrician.9,10 Although the reason for these differ­
ences is not known, survey data from the American College of Obstetricians and 
Gynecologists (ACOG) has found that ACOG members are performing fewer VBACs 
secondary to concerns about medical liability and restricted access at their delivery 
settings.11 In the 2005 Listening to Mothers Survey, 57% of the women interested in 
VBAC were denied the option of TOLAC.12 The top 3 reasons for the denial were: care­
giver unwillingness (45%), unwillingness of hospital (23%), and medical reason (11 %).

VBAC success rates are not significantly affected by regional, institutional, or 
provider characteristics. Approximately 60% to 80% of women who undergo TOLAC 
have a successful VBAC.3 Similarly, uterine rupture, which is arguably the most morbid 
complication of TOLAC, has remained stable at less than 1 %.3 Thus the variability in 
VBAC rates seems to be primarily related to a decrease in TOLAC rather than 
a decrease in VBAC success.

FACTORS THAT AFFECT DECISION MAKING ABOUT TOLAC VERSUS ERCD

Given a high VBAC success rate and low complication rates, factors that affect the 
choice a woman makes and factors that affect her experience deserve heightened 
scrutiny. Approximately half of women who have had a cesarean birth make their deci­
sion about future mode of birth before becoming pregnant again, and another 34% to 
39% make their decision around the midpoint of the subsequent pregnancy.13 Women 
attempt to balance risks to themselves versus risks to their fetus and factor in beliefs 
about their previous birth experience, family influences, and societal or cultural influ­
ences, a process that can engender a high degree of decisional conflict.14,15 There­
fore, it is worth reviewing what is known in general about how pregnant women 
assess risk and make health decisions.

First, most pregnant women are willing to tolerate a high degree of risk to them­
selves in exchange for no risk for their baby.16-18 The health risks for the mother are 
higher with ERCD and the health risks to the fetus are higher with TOLAC.3 This is 
the primary reason why the risks associated with ERCD and the risks associated 
with TOLAC are not comparable for the woman who is making this decision. Although
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the absolute risk of uterine rupture and fetal death associated with TOLAC is numer­
ically lower by 2 to 3 orders of magnitude than the chance of maternal morbidities 
associated with ERCD,3,18 most women do not initially or instinctively balance the 
numeric risks. In addition, the cultural goal in the United States is a zero-risk baby, 
and women generally choose options that avoid any risk to the fetus without knowing 
or understanding the numeric values involved.

Second, once a woman makes a choice about planned or hoped-for mode of birth, 
that choice becomes her expectation for how she gives birth. Because personal 
expectations are one of the most important factors that determine patient satisfaction 
with care during labor and birth, the process of making this decision can have a signif­
icant effect on ultimate satisfaction with the care rendered both prenatally and during 
the intrapartum period.19 In addition to these 2 generalities, several specific factors 
influence VBAC decision making.

The Effect of the Previous Cesarean Delivery

Every birth is a watershed event for the individual parturient. Women remember details 
of their labor and births for many years and seem to have the most accurate memories 
of cesarean deliveries.20-22 In a unique analysis of childbirth satisfaction reported by 
1451 women 2 months and then 1 year after giving birth, Waldenstrom23 found that 
women who had a cesarean delivery were more likely to change their opinion from 
positive to negative or mixed feelings when compared with women who had a vaginal 
birth. In addition, the incidence of postpartum depressed mood, posttraumatic stress 
syndrome, and negative perceptions of birth are increased after cesarean delivery 
when compared with the postpartum psychosocial function in women who give birth 
vaginally.24,25 This finding seems to be especially true for women who had an emer­
gency cesarean delivery.24'26,27 The sense of losing control and not being involved 
in the decision to undergo a cesarean delivery is the most frequently noted concern 
of women who report being traumatized by a cesarean birth.28

This body of literature confirms what most clinicians know: women who had an 
unscheduled cesarean birth frequently present in a subsequent pregnancy with vivid 
and intense feelings about their cesarean experience. These previous birth stories are 
the elephant in the room; they are exceedingly important, they have a powerful effect 
on decision making for subsequent births, and they are often unaddressed.29,30

Additional Personal Factors that Affect Choice of TOLAC Versus ERCD

Studies that have evaluated the reasons for choosing TOLAC or ERCD have identified 
several additional themes. Women who have had a previous vaginal birth and those 
who believe they are likely to have a successful VBAC are most likely to choose 
TOLAC. Additional determinants of a preference for TOLAC include: perception of 
family obligations, the need for a fast recovery, the desire to experience a natural birth, 
and a preference for partner involvement.31,32

Conversely, determinants of the preference for ERCD include: fear of a failed 
TOLAC, avoidance of labor pain, choice for postpartum tubal ligation, desire for 
ERCD over an emergency cesarean after a trial of labor, and/or the desire to choose 
a delivery date.31,32 The belief that the chosen mode of birth is the safest is seen in 
both women who choose ERDC and women who choose TOLAC.14

Other personal factors that affect this decision include level of perceived personal 
efficacy, VBAC counseling programs, and patient involvement in decision making. 
Women who are not counseled prenatally are more likely to choose ERCD.33,34 
Most women want to be involved in the decision-making process but women have 
varied opinions about how much responsibility they want for the decision.29
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Regardless of how much responsibility women want, all women studied prefer infor­
mation that addresses their individual situation, which means an individualized risk 
assessment, and a shared decision-making process that addresses personal values 
and beliefs that best meet their needs.32

The Role of the Health Care Provider

The health care provider’s recommendation is frequently cited as an important 
contributor to the decision about TOLAC versus ERCD, yet little is known about 
provider preferences for TOLAC versus VBAC.32 However, there has been much study 
on communication techniques that optimize patient understanding. Accurate and 
objective communication of risks and benefits is dependent on (1) presentation of 
the information in a way the patient can perceive and understand and (2) avoidance 
of framing.

COMMUNICATING RISKS AND BENEFITS: HEALTH LITERACY

Antenatal counseling about TOLAC and ERCD should be evidence based and patient 
centered, with the goal of shared decision making.17’32,35 There has been much 
research on factors that affect satisfaction with childbirth in general. Personal expec­
tations, caregiver support, quality of caregiver support, and shared decision making 
consistently rate as the most important determinants of satisfaction with childbirth.19 
Each of these factors can be addressed over the course of prenatal care by listening 
carefully to the story of the previous cesarean and engaging in shared decision making 
when planning care practices that are offered during the upcoming labor. Survey and 
qualitative studies specific to VBAC decision making have found that women are more 
satisfied with their experience regardless of the type of birth they have, when they 
believe they were involved in the decision to the degree that was comfortable for 
them.29,33

Shared Decision Making

Shared decision making is different from presenting risks and benefits. Shared deci­
sion making is “decisions that are shared by doctor and patient and informed by 
best evidence, not only about risks and benefits but also patient specific characteris­
tics and values.”36 This type of patient-centered decision making can occur when 
clear communication of risk, benefits, and the range of available options is presented. 
The decision is then made within the context of the woman’s personal values, beliefs, 
and preferences.

Health Literacy and Health Numeracy

Accurate perception of risks and benefits of TOLAC and ERCD depends on health 
literacy. Health literacy is defined by the US Department of Health and Human 
Services as “The degree to which individuals have the capacity to obtain, process, 
and understand basic health information and services needed to make appropriate 
health decisions.”37 Approximately one-half of the adult population in the United 
States have low health literacy.38 Although low health literacy is more likely in certain 
populations such as elderly people, and those with lower educational attainment, the 
use of educational attainment as a proxy for health literacy is misleading. Many 
persons read and comprehend below their educational level.39

A key component of health literacy is health numeracy, which is the degree to which 
individuals understand quantitative and probabilistic health information.40 The coun­
seling about TOLAC versus ERCD involves citing multiple statistics including the
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risk of uterine rupture, risk of fetal death in the event of uterine rupture, chance of 
VBAC success, incidence of neonatal morbidity after ERCD, the incidence of placenta 
previa or accreta in subsequent pregnancies, and the effect of multiple cesareans on 
future fertility. These numbers involve basic analytical and statistical health numeracy 
that requires cognition several steps beyond the usual dichotomization of risks into 
binary categories of high risk and low risk.16'40 Health literacy and health numeracy 
can be assessed. A thorough description of the assessment tools available is beyond 
the scope of this article, and the interested reader is referred to recent publications by 
Powers and colleagues39 and Lipkus.41

There are several simple techniques for communicating risk that ensure an objective 
approach and increase patient comprehension. Providers engaged in TOLAC versus 
ERCD counseling will find these tools helpful:

• Consistent use of absolute numbers in place of percentages, relative risks (RRs), 
or risk ratios improves accurate perception.42

• Avoid use of words such as “rare,” “unlikely,” “uncommon,” or “unusual”; these 
are inexact concepts because 1 individual’s interpretation can be different from 
another individual’s interpretation of the same word.43

• It is easier to understand smaller denominators and whole numbers. For 
example, “2 in 100” is more accurately interpreted than “18 to 20 in 1000.” 
Use the same numeric denominator whenever possible.

• Round numbers and avoid the use of decimals.41
• The use of visual tools such as the Paling Perspective Scale44 or others like it help 

the patient see both the chance that an adverse outcome will occur and the 
chance that an adverse outcome will not occur. Using these simple techniques 
helps improve risk communication for most individuals regardless of attained 
educational level. These tools help the provider avoid framing.

Framing

Framing is defined as “the presentation of two logically equivalent situations, where 
one is presented in positive or gain terms and the other in negative or loss terms.”45 
Gain frames (probability of success) tend to engender greater compliance than loss 
frames (probability of failure). In the case of VBAC decision making, saying that 7 of 
10 women have a successful VBAC is the same as saying there is a 30% chance of 
failure. However, the first format makes the chance of success seem higher to most 
audiences. Individuals who have low educational attainment and those who have 
low health numeracy are more vulnerable to framing effects when compared with indi­
viduals with higher levels of education and a better ability to interpret numbers.46'47 
One well-documented way to decrease the effects of framing in addition to the use 
of absolute numbers and natural frequencies is the use of visual decision aids.

Decision Aids

Decision aids are brochures, videos, or computer programs that help individuals make 
a decision about medical options wherein there is no clear advantage to one or the 
other choice, both have benefits and harms, and in situations in which individuals 
have differing preferences and values that affect their rating of the option. The use 
of decision aids to assist persons making complex health decisions is a young science 
that is receiving research attention and has been the subject of 1 Cochrane review.48 
Decision aids in general improve knowledge and accurate understanding of risk. In 
addition, they reduce decisional conflict and increase perceived participation in deci­
sion making.48
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Several studies have evaluated the efficacy of different decision aids for women 
choosing TOLAC or ERCD.14,18,44,49-51 Shorten and colleagues51 conducted 
a randomized controlled trial (n = 227) that evaluated the effect of a decision-aid 
booklet, which described the risks and benefits of TOLAC and ERCD and included 
some value clarification exercises. The group that read the decision-aid booklet had 
improved knowledge scores (2.17 vs 42, respectively, difference in mean increase 
was 1.75, 95% confidence interval [Cl] 1.15-2.35, P<.001) and decreased decisional 
conflict (-0,40 vs -0.08, respectively, 95% Cl for intervention group change in 
score -0.51 to -0.29, P<.001). However, it was not clear if this booklet had any effect 
on the decision that was made.

More complex computer decision-analysis aids have also been evaluated for the 
TOLAC versus ERCD choice.50,52 All seem to reduce decisional conflict and improve 
knowledge. Those decision aids that present risk as a numeric scale (the operator can 
choose any point along a scale from “extremely important to avoid side effect” to 
“extremely important to have a good delivery experience”) seem to be more reliable 
than those that use a discrete text-anchored format (the operator can choose discrete 
text phrases to signify preferences such as “extremely important,” “equally impor­
tant,” “much more important”).52 A randomized controlled trial by Montgomery and 
colleagues50 found the decision aid that helped prioritize preferences about health 
outcomes had a larger effect on the decision about mode of birth when compared 
with the decision aid that presented risk probabilities.

More recently Sharma and colleagues18 compared 2 computer decision aids. One 
generated a recommended mode of birth derived from the participant’s priority for 
avoiding maternal and fetal risks and priorities for the birth experience. The second 
decision aid generated a recommended mode of birth that was derived from a decision 
tree based on absolute risks that then had individual priorities factored in. The first 
decision aid resulted in a recommendation for ERCD for 73% of the participants 
and the second resulted in a recommendation for TOLAC for 82% of the participants. 
The investigators found that the first decision aid led to more recommendations for 
ERCD because women prioritized avoiding death/disability for the infant over all other 
criteria. In contrast the second decision aid favored TOLAC because the absolute risk 
values favor TOLAC over ERCD with regard to fewer health risks. Although decision 
aids clearly improve knowledge and reduce decisional conflict, there are substantive 
differences in how they affect the choice about mode of birth; the decision aids that 
are more complex than the Paling Perspective Scale may not be ready for widespread 
clinical implementation.

CONTENT OF ANTEPARTUM COUNSELING ABOUT TOLAC VERSUS ERCD

Traditionally the decision about TOLAC versus ERCD is made after the clinician deter­
mines there are no contraindications and shares the risks of TOLAC and the likelihood 
of successful VBAC. The classic and uncontested medical and obstetric contraindica­
tions for TOLAC are previous uterine rupture, previous classic incision or T incision, or 
extensive transfundal uterine surgery, medical, or obstetric complications that 
preclude vaginal birth.35 Many of the factors that affect the likelihood of success 
and risk of uterine rupture have been identified and are reviewed elsewhere.3-5 
Table 1 summarizes the relevant statistics associated with important maternal and 
newborn outcomes of TOLAC and ERCD. The quality of evidence for each of these 
outcomes was assessed by the 2010 National Institutes of Health Consensus Devel­
opment Conference on Vaginal Birth after Cesarean.3 Although some topics have 
a low level of quality in that there were no randomized controlled trials that
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Table 1
Risks associated with TOLAC and ERCD

Outcome TOLAC ERCD
Chance of VBAC success 70% N/A
Short-term effects: maternal
Risk of uterine rupture 3.8 per 1000 women 2.6 per 10,000 women

Maternal mortality 1.9 per 100,000 women at term 9.6 per 100,000 women at term
Hysterectomy 1.57 per 1000 women 2.8 per 1000 women
Blood transfusion 6.6 per 1000 women at term 4.6 per 1000 women at term
Operative injury 4.0-5.1 per 1000 women 2.5-4.4 per 1000 women
Infection 46 per 1000 women 32 per 1000 women
Hospital stay 2.5 days 3.92 days

Long-term effects: maternal
Placenta previa in 

subsequent pregnancy
9 per 1000 women for 1 previous CD 
17 per 1000 women for 2 previous CD
30 per 1000 women for 3 previous CD

Placenta accreta 3.1 per 1000 women for 1 previous CD
5.7 per 1000 women for 2 previous CD
24 per 1000 women for >3 previous CD

Urinary incontinence No data No data
Pelvic floor disorders No data No data

Short-term and long-term effects: infant
Neonatal death rate 11 per 1000 5 per 1000
Intrapartum fetal death 20 per 100,000 zero
Hypoxic ischemic 

encephalopathy
46 per 100,000 zero

Respiratory problem 
first days after birth

Infants born by ERCD have higher rates of transient tachypnea of 
the newborn, respiratory distress syndrome, and need for 
oxygen and ventilator support when compared with newborns 
born after VBAC

Abbreviations: CD, cesarean delivery; N/A, not applicable. 
Data from Refs.3'5,6,60

documented the numeric risk, they are important to women and therefore the data that 
are available should be shared despite the lack of high-quality evidence.

There is a specific issue of import with regard to VBAC statistics. Many of the VBAC 
studies compare successful VBAC with ERCD but this is not the comparison of import 
for a woman who is counseled prenatally and who does not yet know how she will give 
birth.3,35,53 The most adverse health outcomes occur when a woman has labor then 
a repeat cesarean.54 Therefore, the data women need prenatally should come from 
studies that prospectively compare TOLAC with ERCD so that the statistics from 
women who have a failed TOLAC are captured and represented appropriately.

For the woman who has had 1 prior low transverse cesarean delivery, the risk of 
uterine rupture is no different than the risk of other equivalent serious adverse 
outcomes faced by all nulliparous women when they enter labor.53 The overall risk 
of uterine rupture is 3.2/1000 women who undergo TOLAC and the risk of placental 
abruption is 1/100 pregnancies.55 Likewise, the 70% chance of having a successful 
vaginal birth is similar to the chance that a nulliparous woman in labor at term has 
a vaginal birth with today’s current cesarean delivery rates (76.5%).1
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ANTENATAL COUNSELING FOR WOMEN WHO CHOOSE TOLAC

Despite risk equivalency relative to all nulliparous women, individuals who choose 
TOLAC must first determine if there is a setting in their geographic area where TOLAC 
is offered. Once a place of birth has been chosen, information about institutional 
procedures and the management of labor is needed.

Place of Birth for TOLAC

One example of regionalization and response to restrictive hospital policies is the 
Northern New England Perinatal Quality Improvement Network (NNEPQIN) (http:// 
www.nnepqin.org/). This collaboration between hospitals in New Hampshire and Ver­
mont reviewed the literature and developed guidelines for offering TOLAC. Women 
who have had a previous cesarean delivery are assigned 1 of 3 risk categories based 
on the number of previous cesareans, need for induction of labor, and additional 
obstetric or medical complications. Recommendations for the presence of obstetric 
and anesthesia services are made for each of the 3 risk categories. With this guideline 
in place, hospitals in this geographic area resumed TOLAC services for women in the 
lowest risk category (1 previous cesarean, spontaneous labor, no fetal heart rate 
abnormalities, no need for augmentation) and established a referral system to the 
tertiary care settings for women who were at medium or high risk. The NNEPQUIN 
collaboration provides a consent form and patient education form for women 
choosing TOLAC.

Two studies have evaluated the outcomes of women who underwent TOLAC in an 
out-of-hospital birthing center. Lieberman and colleagues9 evaluated the outcomes of 
1453 women who had a previous cesarean delivery and who started labor in 1 of 27 
North American out-of-hospital birthing centers between 1990 and 2000. David and 
colleagues56 evaluated the outcomes of 364 women who had a TOLAC in one of 
several out-of-hospital birthing centers in Germany between 2000 and 2004. The 
success and complication rates from these 2 studies are presented in Table 2. The 
overall VBAC success rate in the Lieberman study was 87%, which is higher than 
the success rate of 60% to 80% that has been seen in most North American studies, 
and the successful VBAC rate in the German study was 73.5%.3,9,56 There were no 
uterine ruptures or perinatal deaths in the German study. There were 6 uterine ruptures 
and 7 perinatal deaths in the North American study, a uterine rupture rate of 4/1000 
births, and a perinatal death rate of 5/1000 births. The investigators of the North Amer­
ican study recommended that women who want to have a TOLAC should not labor in 
out-of-hospital birthing centers. However, a detailed look at the studies suggests that 
their conclusion was premature.57,58

There were 99 women in the North American study who had more than 1 previous 
cesarean delivery. These women were excluded from giving birth in the birthing 
centers in the German study. Three of the 6 uterine ruptures in the North American 
study occurred in women who had more than 1 previous cesarean delivery. Of the 7 
perinatal deaths that were documented in the North American study, 4 occurred in 
women who had 2 previous cesarean deliveries or in women who were at more 
than 42 weeks’ gestation. If women with more than 1 previous cesarean delivery 
and those who were postdates were removed from the analysis, the uterine rupture 
rate would be 2/1000 births and the perinatal death rate would be 2/1000 births. These 
rates are lower than national rates for all women in comparable categories.3,59

The adverse outcome of import for women undergoing TOLAC is uterine rupture yet 
the risk that the uterus ruptures in women undergoing TOLAC is not higher than 
the risk of other rare obstetric emergencies (eg, placental abruption) in all other
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Table 2
Studies of TOLAC in out-of-hospital settings

Variable
Lieberman et al 
(n = 1453) n (%)

David et al 
(n = 364) n (%)

Maternal transfer to hospital during labor 347 (24) 150 (41.2)
Maternal transfer to hospital post partum 42(4) 15(4.1)
Emergency transfer to hospital 37 (11) 10 (2.7)
Mode of delivery

Cesarean delivery 189 (13) 80 (22.3)
Vaginal birth in birth center 1106 (76) 214 (58.8)
Vaginal birth in hospital 158 (11) 70 (19.2)

Uterine rupture 6 (0.4) 0
Uterine rupture 1 previous cesarean (n = 1354) 3 (0.2) 0
Uterine rupture >1 previous cesarean (n = 99) 3(3) N/A

Maternal mortality 0 0
Perinatal mortality 7 (0.5) 0

Perinatal mortality 1 previous cesarean (n = 1354) 5 (0.3) 0
Perinatal mortality >1 previous cesarean (n = 99) 2(2) N/A

Perinatal mortality secondary to uterine rupture. 2(28) 0
% of all uterine ruptures

Abbreviation: N/A, not applicable.
Data from Refs.9,25

parturients.3 In addition, there is no statistically significant increased risk for intrapar­
tum perinatal death when women choosing TOLAC are compared with nulliparous 
women in labor.60 Women who give birth in out-of-hospital birthing centers are not 
restricted to bed, they do not use epidural analgesia, they are not offered oxytocin 
for induction or augmentation and they are given one-to-one supportive care 
throughout labor. These women are usually highly screened and at low risk for 
maternal complications and for developing fetal acidemia during labor. Given the 
favorable statistics in these studies when women who are in medium-risk or higher- 
risk categories are not included, from these epidemiologic data, it could be argued 
that out-of-hospital birthing centers are better settings than hospitals for women 
undergoing TOU\C.

LABOR MANAGEMENT PRACTICES THAT PROMOTE VAGINAL BIRTH

Sudden fetal heart rate bradycardia is the most frequent sign of acute uterine rupture 
during labor.61 For this reason, most hospitals require intravenous access (eg, heparin 
lock) and continuous fetal monitoring for women who are undergoing TOLAC.62,63 
Some also require an intrauterine pressure catheter in the hope of detecting sudden 
loss of pressure if a uterine rupture occurs. Two studies have evaluated intrauterine 
catheter readings before and after a uterine incision for cesarean birth64 and before 
and after uterine rupture.65 Neither found that these catheters detected loss of uterine 
pressure or uterine rupture. Although there is little intervention involved with having 
intravenous access placed, continuous electronic fetal monitoring usually requires 
bed rest, which disallows several labor support measures that have been documented 
to increase patient satisfaction and facilitate vaginal birth.
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Selected evidence-based labor management practices that increase the chance of 
vaginal birth and those that increase the risk of cesarean delivery are listed in Tables 3 
and 4.9.19.56.66-77 Because the issues surrounding induction, labor progression, and 
monitoring are covered elsewhere in this issue, this section summarizes labor prac­
tices that reduce operative delivery rates and therefore could improve vaginal delivery 
rates for women undergoing TOLAC.

Active Management of Labor

The package of care practices that make up active management of labor (AML) 
deserves special mention. The original components of AML included: (1) one-to-one 
support in labor, (2) routine amniotomy, (3) oxytocin augmentation, (4) strict criteria 
for the diagnosis of labor, (5) strict monitoring progress in labor with use of a parto- 
gram, and (6) peer review of assisted deliveries. As a package of care, AML reduces 
the cesarean delivery rate (RR 0.77, 95% Cl 0.63-0.94)66 but it is a complicated

Table 3
Labor practices that promote vaginal birth

Management Practice Comment
Active management of labor Active management of labor modestly reduces the cesarean 

delivery rate but relies on a high-dose oxytocin 
augmentation protocol that is not recommended for 
women undergoing TOLAC66

Admit in active labor Retrospective studies found delaying admission until active 
labor is established results in less intervention and lower 
cesarean deliveries. One randomized controlled trial of 
209 women found a trend for fewer cesareans (7.6% in 
delayed admission group vs 10.6% in early admission group, 
odds ratio 0.70, 95% Cl 0.27-0.81)74

Continuous labor support Continuous support provided by a nonmedical person 
increases labor satisfaction, shortens labor length, and 
increases vaginal delivery rate19

Use of nonpharmacologic 
methods of pain control

Several thorough systematic reviews of various 
nonpharmacologic methods of pain control have been 
conducted.69"71 Immersion in water, acupuncture, birthing 
balls, massage, and so forth are less effective pain relievers 
than epidural analgesia but they are associated with a high 
degree of patient satisfaction

Freedom of movement Thus although studies of upright positions have not been 
methodologically sound enough to assess the effect on 
cesarean delivery, upright positions and freedom of 
movement are associated with less perceived pain, shorter 
labor, improved uterine contractility and increased patient 
satisfaction68

Delayed pushing A meta-analysis of delayed pushing until the vertex is visible or 
the woman has an urge to push for women using epidural 
analgesia (n = 2827) found that delayed pushing increases 
the vaginal delivery rate (RR 1.08, 95% Cl 1.01-1.15) and 
decreases the instrumental delivery rate (0.77, 95% Cl 
0.77-0.85).77 Although there is no difference in cesarean 
delivery rates, avoiding an instrumental delivery is a goal of 
import for women undergoing TOLAC
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Table 4
Labor practices that increase the risk of cesarean delivery

Management Practice Comment
Induction of labor Systematic analysis of expectant versus induction for women with 

suspected macrosomia who did not have diabetes. Expectant 
management associated with fewer cesarean deliveries75

Continuous electronic 
fetal monitoring (EFM)

In unselected populations, EFM is associated with an increase in 
cesarean delivery and no reduction in adverse neonatal 
outcomes.72 There is evidence that the uterine rupture rate in 
carefully selected women who undergo TOLAC in settings that 
do not use EFM is not higher than it is in settings that do use 
EFM.9,56 The optimum timing and protocol for monitoring the 
fetus during TOLAC have not been determined

Routine amniotomy Although not statistically significant in a meta-analysis, there is 
a trend that routine amniotomy shortens labor but increases the 
cesarean delivery rate (n = 4893, RR 1.26, 95% Cl 0.98-1.62)73

package of interventions that are invasive and difficult to replicate.78 Studies and 
systematic reviews of individual components of AML have been conducted to deter­
mine if any one or a combination of these interventions is responsible for the noted 
reduction. For example, one-to-one continuous labor support is effective in reducing 
cesarean deliveries (n = 13,391; RR 0.91, 95% Cl 0.83-0.99),19 yet neither use of 
oxytocin nor amniotomy alone is effective.79,80

The components of AML that can facilitate vaginal birth in women undergoing 
TOLAC include one-to-one continuous labor support, admission when active labor 
has commenced,81,82 and use of audits or peer review of operative births.83 
Conversely, the component of AML that may increase the cesarean delivery rate 
in women undergoing TOLAC is aggressive use of oxytocin. High-dose oxytocin 
protocols and maximum doses of oxytocin more than 20 mU/min seem to increase 
the risk of uterine rupture 4-fold (hazard ratio [HR] 3.92, 95% Cl 1.06-14.52 for 
oxytocin dose of 21-30 mU/min and HR 4.57, 95% Cl 1.00-2.82 for oxytocin dose 
of 31-40 mU/min).84

It is not clear if use of a partogram is likely to be helpful or harmful. The Friedman 
curve, which is the basis of most partograms, uses a cervical dilation rate of 1 cm/h, 
which was the slowest and still normal rate of dilation in the active phase of labor in 
Friedman’s original studies.85 More recent studies of nulliparous women in labor 
have found that the slowest and still normal rate of dilation in active labor is 
0.5 cm/h.86 Thus use of the Friedman curve to diagnose active phase arrest could 
increase the cesarean delivery rate for women who are in normal labor.2 Conversely, 
Khan and Rizvi87 evaluated the use of a partogram for women undergoing TOLAC 
(n = 236) in Karachi, Pakistan between 1988 and 1991. The alert line was 1 cm/h 
and the uterine rupture rate was calculated for each hour of continued labor after 
the alert line. There were 7 uterine ruptures (2.9%), all of which occurred between 
2 and 6 hours after dilation stopped progressing. If cesarean deliveries had occurred 
at 2 or 3 hours after the alert line were crossed rather than later, which would have 
been similar to when a cesarean delivery is performed using the Friedman curve, 
the uterine rupture rates would have been 0.8% and 1.6%, respectively. Thus in this 
population, the 1 cm/h for normal progress that is used in the Friedman curve would 
have been protective in decreasing the uterine rupture rate.87 Conclusions cannot be 
drawn from this 1 small study.
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Assessing labor progress via use of a partogram was not shown to be effective in 
reducing the cesarean delivery rate in a Cochrane review of 5 randomized trials of 
women who had not had a previous cesarean delivery,88 but because the appropriate 
time intervals for alert and action lines have not been determined in cohorts of women 
with a previous cesarean delivery or in cohorts of women without a previous cesarean 
delivery, more work is needed before use of partograms can be tested to determine 
effectiveness in preventing uterine rupture.

Midwife-led Care

Many retrospective analyses have found lower cesarean delivery rates in women 
cared for by midwives when compared with similar populations of women cared for 
by physicians in the United States.83,89 90 A recent Cochrane review of 11 randomized 
trials of midwife-led care (n = 12,276) versus medical management found higher spon­
taneous vaginal birth rates in the group cared for by midwives (RR 1.04, 95% Cl 1.02- 
1.06) but no statistically significant difference in cesarean delivery rates (RR 0.96,95% 
Cl 0.87-1.06).91 Thus the difference was in more frequent use of instrumental deliv­
eries by medical providers. The women cared for by midwives were more likely to 
feel in control during childbirth when compared with the same ratings by the women 
cared for by medical practitioners (RR 1.74, 95% Cl 1.32-2.30). The studies that 
comprised this meta-analysis were from Australia and the United Kingdom, and 
several different midwifery models of care were included.

Midwifery care of women undergoing TOLAC comes from retrospective studies of 
large caseloads. In addition to the studies by Lieberman and colleagues9 and David 
and colleagues56 described earlier in this article, 1 retrospective review of women 
undergoing TOLAC who are cared for by midwives in the United States found 
a VBAC success rate of 72% (n = 649) and no uterine ruptures.62 The data for this study 
were contributed by 8 different midwifery practices that were predominately hospital 
based, and specific care practices were not documented. Harrington and colleagues92 
reported the results of 303 women who underwent TOLAC in a hospital-based birthing 
center. In this practice, the policy was intermittent fetal heart rate monitoring after an 
initial admission evaluation with electronic fetal monitoring. All women were in sponta­
neous labor and admitted after active labor was established. Women with more than 1 
previous low transverse scar or other medical or obstetric complication were excluded. 
The intrapartum transfer rate to medical management was 8.7%, which was similar to 
the transfer rate of women laboring in this setting who did not have a previous cesarean 
delivery (10.4%). VBAC occurred in 98.3% of the women undergoing TOLAC but 84% 
of these study patients had a previous vaginal birth in addition to a previous cesarean 
delivery, so a high success rate is not unexpected. There were no uterine ruptures in the 
women who delivered by VBAC. One asymptomatic uterine rupture was noted in 1 
woman who transferred to medical management and needed oxytocin augmentation 
before having a repeat cesarean delivery for failure to progress. Midwifery care of 
women undergoing TOLAC is safe and associated with similar success rates. The 
uterine rupture rate in all studies conducted to date is similar to the baseline rate of 
less than 1 % but none of the studies was big enough individually to accurately deter­
mine the incidence of this rare outcome.

The specifics of midwifery care that increases patient satisfaction and facilitates 
vaginal birth have not been studied. However, the midwifery model of care includes 
continuity of care, patient-centered care, individualized education and counseling, 
and minimizing unnecessary intervention that occurs within a system that supports 
consultation and transfer of care to medical management as needed.93 This model 
is a unique fit for the needs of women undergoing TOLAC.
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SUMMARY

Women who had a cesarean birth in a previous pregnancy need careful and articulate 
counseling prenatally to aid them in deciding about mode of delivery. If there are no 
contraindications to TOLAC, individuals who choose this option need access to 
settings that provide TOLAC. Many of these women enter labor anxious to avoid 
a repeat cesarean delivery. Therefore all labor support activities that support vaginal 
birth and/or patient satisfaction are important tools for the caregivers providing 
support for this population of women. The midwifery model of care incorporates 
many of the specific care practices that are helpful for women undergoing TOLAC. 
Studies of packages of care that increase vaginal birth and patient satisfaction need 
to be conducted.
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Cesarean delivery is one of the most common operative procedures performed world­
wide, with the proportion of women giving birth by cesarean delivery increasing over 
the past several decades. The Australian data indicate an increase in cesarean 
delivery rates from 21.0% in 1998 to 30.9% in 2007.1 Rates of cesarean birth have 
similarly increased in the United States, that is, from 20.7% of all births in 1996 to 
31.1% in 2006.2 The data from the United Kingdom indicate a similar trend, and 
although the overall rate of cesarean birth is lower at almost 25% of all births in 
2007 to 2008, this rate has increased by almost 50% as per the data obtained in 
1995 to 1996.3 Reported cesarean delivery rates vary considerably across Europe, 
from 15% in Norway and the Netherlands to approximately 17% in Sweden and 
Finland, further increasing to 37.8% in Italy.4 Cesarean birth rates approach 50% in 
many private hospitals in Chile, Argentina, Brazil, and Paraguay.5

There is considerable variability reported in the chance of a woman successfully 
achieving a vaginal birth after cesarean birth (VBAC), ranging between 56% and 
80%, although there is far greater regional variation in the proportion of women who 
attempt VBAC.6-10 For example, data from the United Kingdom indicate that among
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266 Grivell et al

women who have had a previous cesarean delivery, the proportion of women being 
offered a trial of labor varied from 6% to 64% across institutions.11 In contrast, data 
from sub-Saharan Africa indicate that the rates of planned VBAC are up to 97% (range 
54%-97%), with 63% to 84% successful vaginal births.12

Although rates of cesarean birth have increased, there has been a concomitant 
reduction in the proportion of women who underwent a prior cesarean delivery and 
attempt a trial of labor in a subsequent pregnancy. The US data indicate that the 
rate of VBAC has declined from 28.3% in 1996 to 12.7% in 200213 and further to 
8.3% in 2007.14 Literature reports of seemingly increased maternal and infant health 
risks after VBAC, including uterine rupture15'17 and perinatal death,18 have not facili­
tated changes to clinical practice or public perception.

A prior cesarean birth is associated with a well-documented risk of uterine rupture 
after labor in a subsequent pregnancy.19-22 Although the reported prevalence of 
uterine rupture among women who had a prior cesarean delivery is 1 % worldwide, 
it is estimated that in developing countries, uterine rupture contributes up to 10% of 
maternal deaths.23 The risks associated with attempted VBAC, particularly uterine 
scar rupture and perinatal death, are greater in cases in which the trial of labor is 
unsuccessful, and a cesarean delivery is required as an emergency procedure.19-22 
Consideration of factors during labor that may alter a woman’s chances of successful 
VBAC is therefore of relevance, potentially allowing the identification of women for 
whom the chance of successful VBAC is low and therefore potentially associated 
with an increased risk of maternal and infant morbidity.

Although several tools have been described in the literature that identify clinical 
factors and scoring models to predict successful VBAC, the purpose of this review 
is to focus on the evidence relating to the effect of intrapartum factors on both the 
success of VBAC and the uterine rupture. These intrapartum factors include cervical 
factors (specifically cervical dilatation, effacement, Bishop score, and cervical posi­
tion), the need for induction or augmentation of labor, the use of epidural analgesia, 
and fetal heart rate monitoring during labor. The current evidence for the influence 
of these factors on VBAC success and uterine rupture is considered, both individually 
and in the context of screening or prediction tools.

CERVICAL FACTORS AND THE CHANCE OF SUCCESSFUL VBAC

Cervical factors such as dilatation, effacement, and Bishop score are often used alone or in 
combination as an indicator of cervical favorability, all being associated with the likelihood 
of successful trial of labor. Each factor may be assessed in late pregnancy, at the time of 
the onset of spontaneous labor, or before commencing the process of induction of labor.

Cervical dilatation in late gestation has been consistently reported to be associated 
with the chance of successful VBAC, the presence of cervical dilatation increasing the 
chance of achieving vaginal birth.24-28

In a study of more than 5000 women undergoing trial of labor after a prior cesarean 
delivery, Flamm and Geiger24 used logistic regression techniques to examine a variety 
of factors to evaluate their role in the prediction of successful VBAC. For women who 
were assessed after spontaneous onset of labor and found to have cervical dilatation 
larger than 4 cm, the chance of successful VBAC was 86%. In contrast, for women 
who at the time of admission had a cervical dilatation of less than 4 cm, the chance 
of successful VBAC decreased to 67% (adjusted relative risk [RR] was 2.16 for 
successful VBAC; 95% confidence interval [Cl], 1.66-2.82).24,29

These findings have been subsequently confirmed by others.25,26 Using data from 
the Maternal-Fetal Medicine Units Cesarean Registry, Landon and colleagues26
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examined factors influencing the success of a trial of labor, involving more than 14,000 
women. Women who successfully achieved a VBAC were almost twice as likely to 
have evidence of cervical dilatation beyond 4 cm at the time of presentation of spon­
taneous labor or at the time of rupture of membranes when compared with women 
who did not achieve vaginal birth (48.1% vs 26.4%, P<.001).26

Similarly, Gonen and colleagues25 report outcomes from a trial of labor involving 475 
women who had a prior cesarean delivery. The presence of cervical dilatation at the 
time of presentation in labor significantly increased the likelihood of successfully 
achieving vaginal birth (odds ratio [OR], 2.5; 95% Cl, 1.3-4.9).25

The presence of cervical effacement, whether measured at the time of admission in 
spontaneous labor24 or at the time of commencing the process of induction of labor,30 
is associated with an increase in the chance of successful VBAC. In Flamm and 
Geiger’s24 prospective cohort, a cervical effacement of more than 25% was associ­
ated with an increased chance of a woman achieving vaginal birth when compared 
with a cervical effacement less than 25% (RR, 1.79; 95% Cl, 1.31-2.44). The retro­
spective study by McNally and Turner30 on birth outcomes in 103 women who had 
a previous cesarean delivery undergoing induction of labor indicated that a 100% 
cervical effacement at the time of commencing induction of labor was associated 
with a 5 times increased chance of successful VBAC (adjusted RR, 5.0; 95% Cl, 
1.28-19.2).

It is well recognized that the state of the cervix relates directly to the duration of 
pregnancy; this finding was first described by Bishop31 in 1964, who published 
a quantitative pelvic scoring system based on 500 consecutive vaginal examina­
tions performed on multiparous women who entered labor spontaneously after 
36 weeks’ gestation. The use of a modified Bishop score accounts for both 
cervical dilatation and effacement, as well as other features, including cervical 
position, consistency, and position of the fetal presenting part in relation to the 
maternal ischial spines.

In a retrospective cohort study, Bujold and colleagues32 evaluated the outcomes in 
685 women who had a previous cesarean delivery and required induction of labor. The 
chance of successful VBAC was significantly correlated with the modified Bishop 
score at time of commencing induction, with a score of more than 6 increasing the like­
lihood of vaginal birth (adjusted RR, 2.07; 95% Cl, 1,28-3.35).32 Similarly, other inves­
tigators have reported that a low Bishop score necessitating cervical ripening33 or 
induction of labor in the presence of an unfavorable cervix34 reduces the chance of 
vaginal birth while increasing the chance of cesarean birth.

CERVICAL FACTORS AND THE RISK OF UTERINE RUPTURE

Although there seems to be a relationship between cervical state and the chance of 
successful VBAC, any association between cervical favorability and the risk of uterine 
rupture remains less certain. In a small case-control study, a low Bishop score neces­
sitating cervical ripening was reported to be a risk factor for uterine rupture.35 
However, in larger cohorts, uterine rupture does not seem to be associated with either 
Bishop score or other measures of an “unfavorable” cervix.32-34 However, the avail­
able sample size of several of these studies33,36 may well be underpowered to detect 
differences in an uncommon outcome. As discussed subsequently, it remains unclear 
if the observed increased risk of maternal morbidity and, in particular, uterine rupture 
in women with an unfavorable cervix reflects the need for induction of labor or whether 
it represents a specific effect modulated by changes in connective tissue structure 
after the use of prostaglandin preparations.
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INDUCTION OF LABOR AND THE CHANCE OF SUCCESSFUL VBAC

Women who had a previous cesarean delivery and do not enter labor spontaneously 
may require cervical ripening and/or induction of labor depending on their cervical 
status. Although it may be ideal to avoid induction of labor in women who had a prior 
cesarean delivery, this either may become necessary, following the development of 
pregnancy complications, including postterm pregnancy,30 or may be preferable to 
performing an elective repeat cesarean procedure.37

The reported chance of achieving a successful vaginal birth for women with 
a previous scar after induction of labor ranges from 51 % to 80%.30,33’38-40

Landon and colleagues26 reported the outcomes of more than 14,000 women who 
had a prior cesarean delivery who underwent a trial of labor in a subsequent preg­
nancy. In a secondary analysis of this data, induction of labor of any type was asso­
ciated with a 50% reduction in the chance of a woman achieving a successful 
vaginal birth (OR for successful VBAC, 0.50; 95% Cl, 0.45-0.55).26 Among women 
who successfully achieved vaginal birth, 24.5% required induction of labor, compared 
with 34.2% of women who attempted vaginal birth but required cesarean birth.26

Similar findings were reported by Grobman and colleagues39 in a prospective 
cohort study of 11,778 women who had a prior cesarean birth. Women who required 
induction of labor were less likely to achieve vaginal birth compared with women who 
entered labor spontaneously (51% vs 65%, P<.001).39 Although women with 
a previous vaginal birth were more likely to achieve VBAC, the need for induction of 
labor remained associated with a statistically significant reduction in success 
compared with spontaneous onset of labor (83% vs 88%, P<.001).39

Rageth and colleagues41 conducted a retrospective cohort study involving 29,000 
women who had a prior cesarean birth. Again, women who required emergency 
cesarean birth were more likely to have required induction of labor when compared 
with women who successfully achieved VBAC (RR, 1.47; 95% Cl, 1.37-1,59).41

INDUCTION OF LABOR AND THE RISK OF UTERINE RUPTURE

The risk of uterine rupture after induction of labor in women who had a prior cesarean 
delivery is well documented, with rates consistently reported to be greater (1.4%- 
2.3%) than those in women who enter labor spontaneously (O.45%-O.7%).38'40'42'43

In a population-based cohort study of 20,095 women with a first singleton birth by 
cesarean delivery, the trial of labor in a subsequent birth was associated with a significant 
increase in the risk of uterine rupture, which was 3-fold higher in women after sponta­
neous labor (RR, 3.3; 95% Cl, 1.8-6.0), increasing further to between 5- and 15-fold after 
induction of labor, particularly with the administration of prostaglandin preparations.16

These findings are consistent with those reported by Landon and colleagues.19 
Although the overall risk of symptomatic uterine rupture among all women undergoing 
trial of labor was low at 0.7%, the risk was significantly increased among women who 
underwent induction of labor (48/4708 women; OR, 2.86; 95% Cl, 1.75-4.67).19 In 
a separate analysis, Grobman and colleagues39 reported an increased risk of uterine 
rupture after induction of labor only among women who did not undergo a prior vaginal 
delivery (1.5% vs 0.8%, P = .02).

There is currently limited information available from randomized controlled trials 
evaluating specific methods of induction of labor for women who had a prior cesarean 
birth. The authors have identified 3 systematic reviews44-46 that have included 
4 randomized trials assessing different methods of induction of labor in this clinical 
setting. The combined sample size was 137 women, and because the methods of 
induction that were adopted in each individual trial varied considerably, it was not
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possible to incorporate the findings in a meta-analysis. Recommendations regarding 
the method of induction of labor in women who had a prior cesarean birth must there­
fore be based on available evidence of lower methodological quality.

Prostaglandin Induction of Labor

Prostaglandin E2 and prostaglandin Ei (including misoprostol) are commonly used for 
cervical ripening and induction of labor. Physiologically, prostaglandins act to increase 
the content of water, glycosaminoglycan levels, and hyaluronic acid levels in cervical 
tissue, with the resultant effect of an increasingly disorganized and pliable network of 
collagen fibers.47’48 Although the local effect of prostaglandin preparations on cervical 
ripening is advantageous, systemic absorption also occurs, and a similar effect on 
connective tissue at other sites in the body, including uterine scar tissue, could poten­
tially reduce strength and predispose to disruption or clinical rupture.

When compared with women with a uterine scar who enter labor spontaneously, 
prostaglandin induction of labor is associated with an increased risk of rupture.16,19’49

As indicated previously, the population-based study by Lydon-Rochelle and 
colleagues16 identified a marked 4.7-fold increase in the risk of uterine rupture after 
prostaglandin administration for induction of labor. Similarly, Landon and colleagues19 
identified the use of prostaglandin preparations to be associated with an increased 
risk of uterine rupture (13/926 women; OR, 3.95; 95% Cl, 2.01-7.79), when compared 
with women who entered labor spontaneously.

In contrast, Smith and colleagues49 report Scottish data involving more than 36,000 
women who had a prior cesarean birth, of whom 4600 underwent prostaglandin induc­
tion in a subsequent pregnancy. In this population-based study, the reported risk of 
uterine rupture and subsequent perinatal death after prostaglandin induction of labor 
was 11 per 10,000 labors compared with 4.5 per 10,000 labors in the absence of pros­
taglandin induction.49 Induction of labor with prostaglandins was associated with 
almost a 50% increase in a woman’s chance of emergency cesarean birth when 
compared with a woman whose labor was not induced (OR, 1.42; 95% Cl, 1.26-1.60; 
P<.001).49

In all of the reported studies, although the RR of uterine rupture is increased after 
prostaglandin induction of labor, the absolute risk for any individual woman remains 
low.

Oxytocin

Zelop and colleagues50 conducted a retrospective study involving 2775 women. After 
controlling for a variety of potential confounders, the risk for uterine rupture in women 
undergoing oxytocin labor induction was reported to be increased by 4.6-fold 
compared with the risk in women who entered labor spontaneously (rate of uterine 
rupture 2.0% vs 0.7%). Similarly, Landon and colleagues19 reported a 3-fold increase 
in the risk of uterine rupture when labor was induced with oxytocin alone when 
compared with spontaneous onset of labor (OR, 3.01; 95% Cl, 1.66-5.46; P<.001). 
In this study, the absolute risk of uterine rupture was 1.1%.

In contrast, Macones and colleagues20 reported no increase in the risk of uterine 
rupture when oxytocin alone was used for induction of labor. However, although the 
use of prostaglandin preparations alone was not associated with an increased risk 
of uterine rupture, the sequential use of prostaglandins followed by oxytocin did 
seem to be associated with an increase in the risk of uterine rupture (adjusted OR, 
3.07; 95% Cl, O.98-9.88).20

The effect of oxytocin dose, the regimen used, and the duration of administration 
during labor have all been implicated in the risk of uterine rupture. Although Goetzl
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and colleagues51 failed to identify an association between oxytocin dosing regimen 
and total dose administered and the risk of uterine rupture, this has not been univer­
sally reported. In contrast, Cahill and colleagues52 identified a relationship between 
oxytocin dose and risk of uterine rupture among women with a history of previous 
cesarean delivery. Within a nested case-control study of 804 women who had a prior 
cesarean delivery, 272 women were exposed to oxytocin. Of those women adminis­
tered oxytocin, 62 were identified with a uterine rupture. In this study, maximum doses 
administered more than 20 mU/min increased the risk of uterine rupture by at least 
4-fold (21-30 mU/min; hazard ratio, 3.92; 95% Cl, 1.06-14.52).52

Mechanical Methods of Induction of Labor

There is a paucity of high-quality information describing mechanical methods of labor 
induction for women who had a previous cesarean delivery. Although the use of 
a transcervical Foley catheter (or other devices designed for this purpose) has been 
shown to be an effective cervical ripening agent, most studies included in the meta- 
analysis excluded women who had a prior cesarean delivery.53

Two retrospective studies have evaluated the use of mechanical methods of 
cervical ripening in women who had a prior cesarean birth. Bujold and colleagues’ 
study of 2493 women who had a prior cesarean delivery reported a significant reduc­
tion in the VBAC success rate, which was 78% for women in spontaneous labor 
compared with 55.7% for women whose labor was induced by mechanical 
dilatation.36 Ravasia and colleagues43 examined rates of uterine rupture with different 
methods of induction of labor in 2119 women and reported only 1 case of uterine 
rupture in 149 women when an intracervical catheter was used for induction. Despite 
small numbers, this low rate of rupture was not significantly different when compared 
with uterine rupture rates after spontaneous labor.

Although both of these studies suggest that the use of mechanical cervical dilata­
tion among women who had a prior cesarean birth is not associated with an 
increased risk of uterine rupture when compared with women who enter labor 
spontaneously,36,43 this may be at the expense of a reduced chance of successful 
vaginal birth.

A small randomized controlled trial involving 213 women evaluated the role of serial 
membrane sweeping at term for women who were planning VBAC.54 In this trial, 
membrane sweeping was not associated with an effect on the duration of pregnancy, 
the onset of labor, need for induction of labor, or risk of a repeat cesarean birth.54 
Although there were no adverse outcomes reported, the sample size is small and 
therefore is not powered to identify differences in rare clinical outcomes, including 
risk of uterine rupture.

AUGMENTATION OF LABOR

There is considerable controversy regarding the use of oxytocin, both to induce and 
augment labor in women with a scarred uterus. The use of oxytocin to augment labor 
has been repeatedly associated with a reduction in the chance of a woman achieving 
vaginal birth.19,28,29,41,55 In their systematic review and meta-analysis, Eden and 
colleagues29 report a reduction of 48% in the chance of successful VBAC after the 
use of oxytocin for augmentation of labor (OR, 0.52; 95%, Cl 0.38-0.83).

As detailed previously, there is an increased risk of uterine rupture associated with 
the use of oxytocin for induction of labor, although it is less clear if this risk also 
extends to women undergoing augmentation of labor. Oxytocin augmentation is 
reported to increase the risk of uterine rupture by a factor of almost 2.5 times by
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some investigators,19,29 increasing to 12.7-fold by others.56 However, this finding is 
not uniform, with Rageth and colleagues41 failing to identify an association between 
augmentation of labor and risk of uterine rupture.

EPIDURAL ANESTHESIA

There is no conclusive evidence of an effect of epidural analgesia on VBAC success 
rates in women who had a previous cesarean delivery. Two small retrospective studies 
(including <500 women) have reported a reduction in the chance of successful VBAC 
after the use of epidural analgesia.25,30 In contrast, however, the larger National Insti­
tute of Child Health and Human Development cohort study by Landon and colleagues 
did not confirm this association,26 and in fact, women who used epidural analgesia 
were more likely to successfully achieve vaginal birth (OR, 0.37; 95% Cl, 0.33-0.41 ).26

Any association between the use of epidural analgesia and the risk of uterine rupture 
is uncertain. Although concern has been raised that the use of an epidural may mask 
a woman’s experience of pain in the region of the uterine scar, which is considered to 
herald imminent uterine rupture, any causative effect remains tenuous. Rageth and 
colleagues41 identified that among women who experienced uterine rupture, epidural 
analgesia was used 3 times more frequently than in women who did not have uterine 
rupture (RR, 2.88; 95% Cl, 1.86-4.46). A more accurate indicator of impending uterine 
rupture may be an increasingly frequent need for analgesia or epidural “top-up,” as 
indicated by Cahill and colleagues,52 with a dose-response relationship evident 
between the number of epidural doses administered and risk of uterine rupture.

FETAL HEART RATE STATUS

Although the use of continuous electronic fetal heart rate monitoring in labor is often 
recommended for women attempting a VBAC,11 its value in the management of labor 
in this setting is controversial.

Several studies have examined fetal heart rate patterns before uterine 
rupture.41,57,58 Nonreassuring fetal heart rate tracing, particularly significant variable 
decelerations or fetal bradycardia, have been reported to be the most common finding 
accompanying uterine rupture.16

Results from the large cohort study by Rageth and colleagues41 suggest that non­
reassuring fetal heart rate status is associated with failed trial of labor; this outcome is 
noted twice as often in women with a failed trial of labor compared with those with 
successful VBAC (RR, 2.58; 95% Cl, 2.35-2.83). In the same study, nonreassuring 
fetal heart rate status was also associated with uterine rupture (RR, 3.85; 95% Cl, 
2.67-5.55).41

A case-control study of 26 patients with uterine rupture found that both mild and 
severe variable fetal heart rate decelerations, especially in the presence of persistent 
abdominal pain, may predict uterine rupture in patients attempting VBAC. At less than 
2 hours before delivery or acute uterine rupture, mild and severe variable decelera­
tions, persistent abdominal pain, and uterine hyperstimulation were more common 
in these patients when compared with controls, and these patients had statistically 
significant positive likelihood ratios.57 However, another case-control study with 36 
cases of uterine rupture suggested that fetal bradycardia in the first and second stage 
is the only finding to differentiate uterine rupture from successful VBAC, with no signif­
icant differences identified in the occurrence of mild or severe variable decelerations, 
late decelerations, prolonged decelerations, fetal tachycardia, or loss of uterine 
tone.58
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A systematic review by Guise and colleagues59 on the incidence and consequences 
of uterine rupture in women who had a previous cesarean delivery reported that 
despite the presence of adequate personnel to proceed with emergency cesarean 
delivery, prompt intervention does not always prevent fetal neurologic injury.

PREDICTIVE TOOLS

As indicated earlier, a range of intrapartum factors may influence a woman’s chance of 
successful vaginal birth and risk of uterine rupture in the setting of a prior cesarean 
birth. In particular, the spontaneous onset of labor and more advanced cervical dila­
tation at the time of admission to hospital in labor or at the time of rupture of 
membranes are both significantly associated with successful VBAC and a decreased 
risk of uterine rupture, in contrast to the effects of requiring either induction or 
augmentation of labor.

In an attempt to identify women with a higher chance of successful VBAC and an 
acceptably low risk of uterine rupture, many investigators have developed screening 
tools to predict success and risk of complications. Those tools which use intrapartum 
factors, either alone or in combination with antepartum factors, are likely to be of the 
greatest value in a clinical setting; this type of combined screening tool allows 
a woman and her primary carer to assess the chance of successful VBAC early in 
pregnancy using identifiable factors and to then reassess these risks subsequently 
should induction or augmentation of labor be required. The description and evaluation 
of these predictive tools are beyond the scope of this article.

The recently published evidence report by Guise and colleagues8 outlines a detailed 
description and evaluation of screening tools and other predictors of VBAC and 
uterine rupture for women undergoing VBAC. This comprehensive review highlights 
the screening tools by Flamm and Geiger,24 Smith and colleagues,49 and Grobman 
and colleagues34 to be amongst the strongest tools available because the tools 
have been either externally validated or cross-validated by others. These investigators 
conclude that the models to predict VBAC that include intrapartum factors provide 
reasonable ability to identify women who have a reasonable chance of a successful 
VBAC, but none have discriminating ability to consistently identify women who are 
at risk for cesarean birth.8

SUMMARY

To date there is limited high-quality information to guide clinical decision making for 
women and their clinicians in the setting of a prior cesarean birth. Although the literature 
reports a woman’s chance of successful VBAC to be relatively constant at 74%,8 there 
is considerable variation in the proportion of women who attempt a trial of labor after 
cesarean delivery. The most consistently identified intrapartum factors associated 
with successful vaginal birth and lower risk of uterine rupture are the spontaneous onset 
of labor and advanced cervical dilatation, whether measured in late pregnancy, at the 
time of hospital admission in labor or membrane rupture, or before commencing induc­
tion of labor. In contrast, need for induction and augmentation of labor are both factors 
associated with an increased likelihood of failed trial of labor and risk of uterine rupture.
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Controversy surrounding a trial of labor (TOL) in women with a history of prior cesarean 
delivery has been dominated by the fear of uterine rupture. Although the overall risk of 
uterine rupture is less than 1 %,1 the potential for maternal and neonatal morbidity and 
even mortality remain paramount concerns for both patients and health care 
providers. In a study encompassing 142,075 women undergoing a TOL after previous 
cesarean birth, the uterine rupture-related complication rate per 1000 TOL’s was 
1.8 for maternal transfusion, 1.5 for fetal acidosis less than 7.0, 0.8 for genitourinary 
injury, 0.4 for perinatal death, and 0.02 for maternal death.2 Before embarking on 
a discussion of prevalence rates of uterine rupture and variables that may modify 
these risks, it is important to establish a working definition. The recent National Insti­
tutes of Health (NIH) Consensus Development Conference entitled “Vaginal Birth after 
Cesarean: New Insights” defined uterine rupture as the complete anatomic separation 
of the uterine wall regardless of the presence or absence of symptoms with or without 
extrusion of the fetal-placental unit.3 Although uterine dehiscence, which implies an 
incomplete disruption of the uterine wall with intact serosa, may be clinically relevant 
as a near-miss uterine rupture, the rates of the 2 entities will not be used interchange­
ably. However, some studies choose to report these together as disruptions of normal 
uterine anatomy.

Although the rates differ among various cohorts, the literature consistently reports an 
increased risk of uterine rupture in women undergoing a TOL compared with elective 
repeat cesarean delivery (ERCD). According to the NIH Consensus Statement,3 the 
risk of uterine rupture for women of all gestational ages undergoing a TOL is 0.33%

The author has nothing to disclose.
Beth Israel Deaconess Medical Center, Division of Maternal Fetal Medicine, Harvard University 
School of Medicine, Boston, MA 02215, USA
* Beth Israel Deaconess Medical Center, 330 Brookline, KS 338, Boston, MA 02215.
E-mail address: cmzelop@comcast.net

Clin Perinatol 38 (2011) 277-284
doi: 10.1016/j.clp.2011.03.009 perinatology.theclinics.com
0095-5108/11/$ - see front matter © 2011 Elsevier Inc. All rights reserved.

Aku
sh

er
-L

ib.
ru

mailto:cmzelop@comcast.net
perinatology.theclinics.com


278 Zelop

compared with 0.03% for women undergoing ERCD. At term, the risk of uterine rupture 
is 0.78% in women undergoing TOL compared with 0.02% in those undergoing ERCD. 
Perhaps the most clinically relevant analyses are based on intention to deliver.4 Spong 
and colleagues5 stratified the analysis of uterine rupture among 39,117 women at term 
with a history of cesarean delivery by 5 subgroups that might be encountered by the 
clinician including (1) TOL (n = 15,323), (2) ERCD with labor (n = 2721), (3) ERCD 
without labor (n = 14,993), (4) indicated repeat cesarean delivery with labor 
(n = 1078), and (5) indicated repeat cesarean delivery without labor (n = 5002). In 
this study, the rate of uterine rupture in women who underwent TOL was 0.74% in 
contrast to those who underwent ERCD with or without labor, who sustained a rate 
of 0.15% and 0%, respectively. The group with indicated repeat cesarean delivery 
with or without labor experienced slightly higher rates of uterine rupture compared 
with the group with ERCD (0.28% and 0.08%, respectively).

FACTORS AFFECTING THE INTEGRITY OF THE HYSTEROTOMY SCAR

There is a paucity of data regarding wound healing of the hysterotomy scar. Various 
modalities including radiological and pathologic studies as well as an animal model 
have been used to gain insight, yet information remains sparse.6-8 Wound healing is 
characterized as an initial inflammatory process with recruitment of fibroblasts and 
synthesis of collagen to create a scar matrix. Theoretically, remodeling of the initial 
uterine hysterotomy scar under the influence of growth factors, such as insulinlike 
growth factor 1, might favor the eventual regeneration of the myometrium.6 Using 
ultrasonography to evaluate the appearance of both single- and double-layer closure 
of the hysterotomy, Hamar and colleagues8 demonstrated an initial increase in the 
thickness of the postpartum uterus that was 5- to 6-fold at 48 hours after delivery. 
Although there was a gradual decrease in the uterine thickness over the 6-week 
course, the uterine scar thickness remained increased compared with the predelivery 
baseline irrespective of the mode of hysterotomy closure technique suggesting 
ongoing scar remodeling after the traditional postpartum period. The small sample 
size may have precluded the detection of an observed difference in the thickness 
between the closure techniques. However, magnetic resonance imaging has sug­
gested that remodeling and restoration of the uterine zonal anatomy in a lower trans­
verse hysterotomy lasts at least 6 months.7

Factors affecting the integrity of the hysterotomy scar may modify the risk of uterine 
rupture during a TOL after previous cesarean birth. Shipp and colleagues9 demon­
strated that postpartum fever, which could impede the healing process of the hyster­
otomy scar complicating the index cesarean birth, is associated with an increased risk 
of uterine rupture during a subsequent TOL. A short interdelivery interval that does not 
allow enough time for complete hysterotomy healing may be associated with an 
increased risk of uterine rupture during a TOL after previous cesarean.10'11 An interde­
livery interval of less than or equal to 18 months is associated with a 3-fold increased 
risk of uterine rupture during a subsequent TOL after previous cesarean birth.10 The 
technique of prior uterine closure (single- vs double-layer suturing of the hysterotomy) 
has also been studied as a possible risk factor for uterine rupture. Although results 
have been inconsistent in the literature, the largest study to date by Bujold and 
colleagues12 demonstrated an almost 3-fold increased risk of uterine rupture during 
TOL after previous cesarean birth when single-layer closure of the hysterotomy was 
used in the index pregnancy. Further analysis in this study revealed no association 
between uterine rupture and suture material used for hysterotomy closure. Other 
factors not well studied because of sample size include other aspects of surgical
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technique, such as interlocking suture placement. Complicating the concept of tensile 
strength of the repaired hysterotomy governing the chance of uterine rupture during 
TOL after previous cesarean is the documentation of uterine rupture remote from 
the lower uterine segment.13

CLINICAL FACTORS THAT MODIFY THE RISK OF UTERINE RUPTURE DURING TOL

Clinical research initiated in the late 1990s, which continued into the new millennium, 
identified factors that increase or decrease the risk of uterine rupture during a TOL 
after previous cesarean. Identifying women with the least risk of uterine rupture should 
potentially optimize the safety of vaginal birth after cesarean (VBAC). Both antepartum 
and intrapartum factors should be considered.

UTERINE SCAR TYPE AND NUMBER OF PRIOR CESAREAN DELIVERIES

Most of the literature examining outcomes of TOL has focused on women with prior 
low transverse hysterotomy, and indeed, this cohort has become the referent group 
in other comparative studies.4 In the largest study examining women with prior low 
vertical hysterotomy undergoing TOL after previous cesarean birth, Shipp and 
colleagues14 demonstrated a 0.8% risk of symptomatic uterine rupture, which was 
not increased when compared with those with a prior low transverse uterine incision. 
This study had a power of 80% to detect an increase from 1 % (as noted for low trans­
verse incisions) to 3% risk of symptomatic uterine rupture, which has been observed in 
women undergoing a TOL after multiple previous cesarean births.

Recent studies have reported a range of risk of uterine rupture from 0.9% to 3.7% 
during a TOL after 2 prior cesareans compared with a TOL after single prior cesarean 
birth,15-17 leading to some inconsistencies in the interpretation of the data. Although 
there is an increased risk of major maternal morbidity associated with TOL after 
more than 1 prior cesarean delivery, the absolute risk remains small. All 3 studies sug­
gested a protective effect of prior vaginal delivery when undergoing a TOL after more 
than 1 prior cesarean birth.

DEMOGRAPHIC CHARACTERISTICS, PRIOR OBSTETRIC HISTORY, AND THE RISK 
OF UTERINE RUPTURE

More recently, demographic factors have been demonstrated to influence the risk of 
uterine rupture, and because these factors can be identified in the antepartum period, 
they can be used for counseling women. In a retrospective cohort study, Shipp and 
colleagues18 demonstrated that increasing maternal age was associated with a greater 
chance of uterine rupture. In this study, women younger than 30 years undergoing 
a TOL after previous cesarean delivery had a 0.5% risk of uterine rupture compared 
with a risk of 1.4% in those aged 30 years or older. Age, in general, seems to hinder 
abdominal wound healing, and it also seems to affect uterine hysterotomy healing in 
a model controlling for other risk factors that modify the risk of uterine rupture. Any 
previous vaginal delivery is associated with a decreased risk of uterine rupture during 
a TOL after previous cesarean birth. Using a logistic regression model controlling for 
possible confounders such as epidural analgesia, year of birth, maternal age, birth­
weight, duration of labor, and use of oxytocin for augmentation or induction, Zelop 
and colleagues19 demonstrated that women with a previous vaginal delivery experi­
enced one-fifth the risk (0.2% vs 1.1 %) of uterine rupture during a TOL after previous 
cesarean when compared with women without prior vaginal delivery.
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Fetal size and maternal body mass index (BMI), defined as the weight in kilograms 
divided by the height in meters squared, seem to have some influence on the risk of 
uterine rupture during a TOL after previous cesarean birth. Birthweight is used as 
a proxy for estimated fetal weight in the literature when examining the risk of uterine 
rupture. Zelop and colleagues20 reported no statistically increased risk of uterine 
rupture among women with fetuses weighing more than 4000 g compared with those 
weighing 4000 g or less during a TOL after previous cesarean. Caution was recom­
mended for fetuses with birthweights less than 4250 g because the rate of rupture 
was 2.4% in this group of women undergoing a TOL after previous cesarean. Elkousy 
and colleagues21 concluded in their analysis that women with no prior vaginal deliv­
eries and neonatal birthweight greater than or equal to 4000 g were at an increased 
risk of uterine rupture with a rate of 3.6%. Increasing BMI also seems to increase 
the risk of uterine rupture and dehiscence. The combined risk increased from 0.9% 
to 2.1 % when comparing women with a normal BMI undergoing a TOL after previous 
cesarean with morbidly obese women defined as those with a BMI greater than 40.22

Gestational age of the current pregnancy may influence the risk of uterine rupture. 
Compared with women with term pregnancies undergoing a TOL after previous 
cesarean birth, those laboring preterm seem to have lower rates of uterine rupture 
(0.34% vs 0.74%).23 For spontaneous labor, uterine rupture during a TOL after the 
estimated day of delivery (EDD) seems to be similar to the risk before EDD as reported 
in 2 cohort studies.24,25 If the previous cesarean delivery was preterm, the risk for 
uterine rupture in the subsequent TOL is minimally increased when compared with 
the risk in women who had previous term cesarean deliveries. In a multivariable anal­
ysis controlling for confounders, patients with a previous preterm cesarean delivery 
remained at an increased risk of subsequent uterine rupture during a TOL when 
compared with women with previous term cesarean delivery with an odds ratio of 
1.6 corresponding to an absolute increased risk from 0.68% to 1.0% 26

LABOR MANAGEMENT AND THE RISK OF UTERINE RUPTURE

Discussion of induction and augmentation of labor after previous cesarean birth is 
a broad topic that is covered in depth in an article by Grivell and colleagues elsewhere 
in this issue. Therefore, the discussion in this article revolves around the effect of induc­
tion and augmentation on the risk of uterine rupture during a TOL after previous 
cesarean birth. Induction of labor with oxytocin is associated with an increased risk 
of uterine rupture. Zelop and colleagues27 demonstrated an overall rate of uterine 
rupture of 2.3% among patients with induction of labor compared with 0.7% among 
women with spontaneous labor. In a logistic regression model controlling for possible 
confounders, induction of labor in women with prior cesarean and no other deliveries 
was associated with a 4.6-fold increased risk of uterine rupture. In this same model, 
there was a trend toward increased risk of uterine rupture associated with use of pros­
taglandin E2 gel, although this difference was not statistically different. In a subsequent 
study to further clarify the effect of prostaglandin use, Lydon-Rochelle and 
colleagues28 confirmed the increased risk of induction compared with repeated 
cesarean delivery and demonstrated the highest risk associated with use of prosta­
glandins particularly misoprostol. Landon and colleagues29 reported a statistically 
significant increased risk of uterine rupture associated with induction of labor after 
previous cesarean delivery regardless of the method used compared with sponta­
neous labor after previous cesarean birth.

Variable results have been reported regarding the association of augmentation of 
labor and the risk of uterine rupture during a TOL after previous cesarean birth. Goetzl
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and colleagues30 demonstrated no differences in exposure to oxytocin between cases 
defined as women with uterine rupture who received oxytocin and controls defined as 
women who received oxytocin and sustained no uterine rupture. In contrast, Landon 
and colleagues29 reported a 0.9% risk of uterine rupture in women receiving oxytocin 
for augmentation of labor compared with 0.4% in women with spontaneous labor after 
previous cesarean delivery. In addition, Cahill and colleagues31 demonstrated a statis­
tically significant 4-fold or greater increased risk of uterine rupture when maximum 
dosages greater than 20 mU/min of oxytocin were used for augmentation of labor 
during a TOL after previous cesarean birth.

PREDICTION OF UTERINE RUPTURE

Can uterine rupture be predicted in women attempting a TOL after previous cesarean 
birth? Ideally, the most suitable candidates for a TOL after previous cesarean have the 
lowest risk of uterine rupture and the highest chance of a successful vaginal delivery. 
Two approaches have been explored in the literature for the prediction of uterine 
rupture: assessment of the lower uterine segment (LUS) and prediction nomograms 
or multivariable models.

Rozenberg and colleagues32 evaluated a transabdominal ultrasonographic 
approach to assess the thickness of the LUS in patients with a history of prior 
cesarean at 36to 38 weeks as a screening tool to predict the risk of intrapartum uterine 
rupture. Their technique performed with a full bladder seemed to measure the thinnest 
portion of the myometrium in the LUS. Analysis of their data demonstrated that the risk 
of a defective scar was related to thinning of the LUS as measured by ultrasonog­
raphy. Using a cutoff of 3.5 mm, the sensitivity of the ultrasonographic measurement 
was 88%, with a positive predictive value of 11.8% but a negative predictive value of 
99.3%. Using these data, women with an LUS greater than or equal to 3.5 mm may be 
considered for a TOL after previous cesarean birth. Subsequently, Bujold and 
colleagues33 demonstrated that a full LUS thickness of less than 2.3 mm is associated 
with a higher risk of complete uterine rupture. A recent systematic review of the use of 
sonographic LUS thickness in predicting uterine scar defect demonstrated that 
although LUS thickness is a strong predictor for uterine scar disruption, no ideal cutoff 
has been identified.34 More studies are required before this tool is ready for wide­
spread clinical use because the technical aspects of its reproducibility have yet to 
be validated and would require large-scale monitoring similar to nuchal translucency 
measurement in practice.

Several multivariable models have been proposed in the literature as well. Macones 
and colleagues35 investigated the use of both antepartum and early labor factors to 
develop a model predictive of uterine rupture. Their study using receiver operating 
characteristic curves, which examined such factors including prior vaginal delivery, 
ethnicity, maternal age, gestational age, induction of labor, and cervical dilation 
greater than 3 cm, failed to achieve sensitivity and specificity that are clinically useful. 
Grobman and colleagues36 sought to develop a model that predicted individual 
specific risk for uterine rupture. They divided their data into a training set and a testing 
set. The logistic regression model that yielded the optimal final prediction tool failed to 
achieve discriminating ability necessary to predict uterine rupture that was clinically 
useful. Lastly, Shipp and colleagues37 proposed an assessment tool for prediction 
of intrapartum uterine rupture based on factors available early in the antepartum 
period. Using their scoring system based on 40 symptomatic uterine ruptures and 
4384 TOL’s, 60% of uterine ruptures would be prevented while allowing 81% of 
patients a TOL. About 36 elective repeat cesarean deliveries would be performed to
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prevent 1 symptomatic uterine rupture. Although this model seemed to perform well 
and the sample size was robust, it was not large enough to enable a validation phase 
to be performed. Thus, in summary, although several reasonable models have been 
designed to predict uterine rupture, prospective studies are required to continue to 
optimize their clinical utility for the satisfactory prediction of uterine rupture during 
a TOL after previous cesarean birth.

SUMMARY

Uterine rupture, which involves complete separation of the uterine wall, occurs in 
about 1 % of those attempting VBAC. Because uterine rupture is one of the most 
significant complications of a TOL after previous cesarean, identifying those at 
increased risk of uterine rupture is paramount to the safety of a TOL after previous 
cesarean birth. It seems that both antepartum demographic characteristics and intra­
partum factors modify the risk of uterine rupture. The ability to reliably predict an indi­
vidual’s a priori risk for intrapartum uterine rupture remains a major area of 
investigation.
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At the time of writing, a third of women delivering in the United States of America do so 
by cesarean section.1 The rates of both primary and repeat cesarean section have 
risen steadily in the last few decades and show no sign of flattening off. The increase 
in primary cesarean rate reflects increased rates of maternal obesity, increased 
numbers of multiple gestations secondary to assisted reproductive technology, physi­
cian concern about litigation for adverse obstetric outcome,1 and a decline in the use 
of operative vaginal delivery for both cephalic and breech presentations.2 The 
increase in repeat cesarean section rate reflects a move away from the use of trial 
of labor after cesarean section (TOLAC) and a consequent decrease in the rate of 
vaginal birth after cesarean section (VBAC). The decline in VBAC numbers has 
attracted much recent attention and is the focus of an ongoing process to remedy 
the situation.3,4 Nonetheless, it is likely that, despite these efforts, there will continue 
to be further increases in the overall cesarean section rate in the future.

With the background of increasing numbers of cesarean delivery, women are also 
undergoing repetitive cesarean sections. Such multiple surgical procedures are 
becoming increasingly common and have consequences for both short-term care 
and long-term complications.5,6 Perhaps the most pressing complication associated
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with prior cesarean delivery is the occurrence of placenta accreta.7 Placenta accreta is 
defined as an abnormal adherence of the placenta to the uterine wall. It has tradition­
ally been classified as placenta accreta, placenta increta, and placenta percreta 
based on how deeply the placenta is attached to the myometrium: superficial, 
deep, and through to serosa and adjacent structures, respectively. Because manage­
ment is similar for all grades of abnormal attachment, the term placenta accreta is 
used here to cover all these possibilities. In cases of placenta accreta, the placenta 
fails to separate normally after delivery of the infant and results in primary postpartum 
hemorrhage that is often worsened by attempts to remove the placenta, producing 
a horrifying spiral of hemorrhage, coagulopathy, and shock.

INCIDENCE

Placenta accreta complicates about 3 per 1000 deliveries in the United States.7 This 
represents a substantial increase in incidence compared with the rates of around 1 per 
10,000 seen in the 1960s,8 and reflects a tripling of incidence since the 1980s. The 
most important factor in this increase is the increase in incidence of cesarean section. 
Placenta accreta remains a rare occurrence in the unscarred uterus.5 Although cases 
have been reported following prior myomectomy, curettage, or treatment of Asherman 
syndrome, the prevailing risk factor for accreta is the presence of a uterine scar from 
prior cesarean section.

In women undergoing primary cesarean section for indications other than placenta 
previa, the incidence of placenta accreta is around 0.03%. A second or subsequent 
cesarean section without placenta previa is associated with an increase in the risk 
of accreta that rises with each subsequent cesarean section. For a second to a fifth 
cesarean section, the incidence remains less than 1%, although an increase to 
4.7% is observed at the sixth and subsequent procedures (Fig. 1).5

A further risk factor for placenta accreta is placenta previa. Placenta previa affects 
about 0.5% of all pregnancies at term.9 This number rises to as high as 5% in preg­
nancies in which a prior cesarean section was performed.10,11 Again, with increasing 
number of prior cesarean sections, the risk of placenta previa proportionally 
increases.12 In women undergoing primary cesarean section for placenta previa,

-*--No previa ■ Placenta Previa

Number of Prior Cesarean Sections
Fig. 1. Incidence of placenta accreta in women with prior cesarean section with and without 
coexisting placenta previa.
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the incidence of placenta accreta is about 3.3%. The presence of a uterine scar 
significantly increases this risk; 1 prior cesarean section plus placenta previa is asso­
ciated with a risk of placenta accreta of 11%, 2 prior cesarean sections a risk of 
40%, 3 prior cesarean sections 61%, and 4 or more prior cesarean sections 67% 
(see Fig. 1).5

Because prior cesarean section is independently associated with an increased risk 
for placenta previa and placenta previa, the presence of a prior uterine scar is the most 
important factor in the observed dramatically increased incidence of placenta 
accreta.13 It follows that any increase in repeat cesarean section rate and number 
of cesarean sections performed will increase the number of cases of placenta accreta 
that occur.

Other factors associated with an independent increase in the risk of placenta previa 
are increased maternal age (>35 years, x5 increase in risk,14 >40 years, x90 increase 
in risk10). Such factors become additive as older women undergo more cesarean 
sections.

It is not known why a prior cesarean section increases the likelihood of placenta pre­
via and why placenta accreta is so prevalent in cases of placenta previa with multiple 
prior cesarean sections. The uterus heals by secondary intention and it has been sug­
gested that the scarred area fails to decidualize normally, leading to abnormal placen­
tation and loss of the normal cleavage plane above the decidua basalis. Primary 
defects in trophoblast function with abnormal tissue invasion have also been sug­
gested to play a role. The area of uterine scarring may be hypoxic, which may in 
turn be causative of both abnormal decidualization and trophoblast behavior.

It has been suggested that the widespread practice of single-layer uterine closure 
after cesarean section may lead to inadequate uterine healing and has contributed 
to the increase in the number of cases of placenta accreta. Choice of suture material 
may also play a part, with traditional chromic catgut producing suboptimal healing 
compared with synthetic suture material. There are no randomized studies addressing 
this issue, nor are animal studies available to support this contention; it remains an 
area in need of exploration.

DIAGNOSIS

The gold standard for diagnosis of placenta accreta is pathologic examination of the 
uterus and attached placenta. When multiple tissue sections are evaluated in cases 
undergoing hysterectomy, areas showing the full range of depth of invasion from 
accreta to increta, and sometimes percreta, often coexist. This finding supports 
a uniform approach to management of all cases regardless of apparent depth of inva­
sion as assessed by antepartum imaging.

The primary screening tool for placenta accreta is ultrasound imaging. All women 
with placenta previa should be evaluated for abnormal placentation. Those with 
a history of prior cesarean section or other uterine scarring should be carefully evalu­
ated for features suggesting placenta accreta.7

Localization of the placenta should be included in the anatomy scan between 
18 and 20 weeks. Initial imaging should be transabdominal and those with an appar­
ently low-lying placenta should be evaluated with transvaginal ultrasound. If 
a complete or partial placenta previa is identified, subsequent imaging is recommen­
ded at 28 to 32 weeks to evaluate the placental position and need for cesarean 
delivery.7 The likelihood of persistence of placenta previa into the third trimester is 
increased by the degree of overlap of the cervix by the placenta15-17 and the thickness 
of the placental edge.18 All women who present with bleeding after 20 weeks’
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gestation should be evaluated for placenta previa; subsequent imaging and mode of 
delivery may be dictated by clinical presentation in such cases rather than absolute 
measurements of placental position. Typically, if the placenta is 2 to 2.5 cm from 
the internal os at 28 to 32 weeks, vaginal delivery should be possible without undue 
risk of bleeding.19 If the placenta is less than 2 cm from the cervix at 28 to 32 weeks, 
further imaging at 34 weeks may identify cases with greater distance and thus permit 
vaginal delivery.

All cases of placenta previa should be regarded as being at risk for placenta accreta 
and the ultrasound features suggesting abnormal placentation looked for carefully. 
The mainstay of diagnosis is grayscale ultrasound, although color20,21 and power 
Doppler and three-dimensional (3D) reconstruction22 have been reported to be helpful 
in clarifying difficult cases. The ultrasound features suggesting placenta accreta 
are23,24:

1. Loss of echolucent area between the placenta and uterus
2. Multiple placental lacunae (Swiss-cheese appearance)
3. Loss of echolucent line between the placenta and bladder
4. Focal exophytic masses extending into the bladder
5. Color Doppler findings may include:

• Vascular lakes with turbulent flow
• Hypervascularity of serosa-bladder interface
• Abnormal nonanatomic vessels bridging placental thickness
• Diffuse or focal lacunar flow.

6. Power Doppler with 3D may show hypervascularity, abnormal coherent vessels in 
the serosa-bladder interface, and abnormal cotyledonal and intervillous circula­
tions with chaotic branching and aberrant vessels.

Fig. 2 shows a recent case with features suggestive of placenta accreta. This 
woman had a complete placenta previa and history of 3 prior cesarean sections. 
Placenta percreta was confirmed at delivery.

A recent review25 examined the performance of the different ultrasound modalities 
in diagnosing placenta accreta. Grayscale ultrasound had a sensitivity of 95% and 
a specificity of 76% for the diagnosis of accreta. Color Doppler gave values of 92% 
and 68% and 3D power Doppler 100% and 85%, respectively. The positive predictive

Fig. 2. Transabdominal ultrasound scan at 19 weeks showing complete placenta previa with 
loss of echolucent area between placenta and uterus anteriorly, loss of echolucent plane 
between bladder and placenta, and a bulge of placenta into bladder, all suggesting 
placenta accreta and possible percreta.
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values were 82%, 76%, and 88% for each modality. In general, the more abnormal 
features that are seen, the greater the diagnostic accuracy.

Several investigators have evaluated the use of magnetic resonance imaging (MRI) 
in the diagnosis of placenta accreta.26,27 To date, there are no generally agreed stan­
dards for MRI evaluation of suspected placenta accreta. Some authorities favor the 
use of gadolinium, whereas others do not routinely use contrast. The common MRI 
features suggesting placenta accreta are:

1. Uterine bulging, especially into the region of the scar or bladder
2. Heterogeneous signal intensity within the placenta
3. Dark intraplacental bands on T2-weighted imaging.

A typical MRI scan is shown in Fig. 3 (the same case as seen in Fig. 2); the findings 
suggest placenta percreta with bladder involvement.

Most diagnostic paradigms rely on ultrasound for screening and initial evaluation of 
suspected cases of accreta, reserving MRI for cases in which ultrasound is inconclu­
sive or placenta percreta is suspected to aid in surgical planning.24,26 MRI may be 
more helpful in cases of posterior placenta previa because of the potential difficulty 
evaluating the posterior placenta with ultrasound late in gestation.

Additional clues to the presence of placenta accreta may be obtained from abnor­
malities in serum testing used for aneuploidy screening. Increased maternal serum 
a-fetoprotein13,28 and human chorionic gonadotropin (hCG)13 (values more than 
2.5 multiples of the median) have each been found to be correlated with placental

Fig. 3. MRI with gadolinium contrast at 30 weeks' gestational age for the same case as
Fig. 2. Complete placenta previa with placenta percreta with possible blabber involvement; 
note bulging lower segment in region of bladder.
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invasion, (odds ratio 8.3 and 3.9 respectively). These analyses have not been prospec­
tively evaluated for predictive value or diagnostic thresholds set.

MANAGEMENT

Once the diagnosis of placenta accreta is established, a comprehensive written 
management plan needs to be accomplished. The key issues to be included are loca­
tion and timing of delivery, multidisciplinary team care, the chosen surgical approach 
(hysterectomy or conservative management), and use of adjunctive treatments and 
techniques. A scheduled delivery is the goal because it is associated with the best 
outcome,29,30 but a plan for intervention should the patient require earlier delivery 
for bleeding is also advised.8

Location and Timing of Delivery

Women should be scheduled for delivery at an appropriately equipped institution with 
adequate surgical resources and ready access to a blood bank that can supply the 
large amounts of blood products that may be needed. Typically, this is best accom­
plished in the setting of a tertiary center. The timing of elective delivery is important: 
too early and there is an undue risk of morbidity caused by prematurity, and too late 
increases the risk of hemorrhage and emergent delivery with consequent increases 
in mortality and morbidity. There are no prospective data to guide timing of delivery; 
however, a recent decision tree analysis favored delivery at 34 weeks’ gestation after 
administration of antepartum steroids to improve fetal lung maturity.31 It has been our 
practice to deliver patients at this gestational age after steroids for more than a decade 
without any significant negative impact on neonatal outcome.30 Others have advo­
cated later delivery at 36 weeks in women without a history of bleeding.7

Multidisciplinary Team Approach

Given the complexity and potential for disastrous outcome in these cases, we have 
recommended that care is provided by a multidisciplinary approach to include the 
following:

1. Team
• Maternal-fetal medicine/obstetrics
• Gynecologic oncology
• Urology/other surgery
• Anesthesia
• Interventional radiology
• Neonatology
• Nursing
• Social work
• Patient and family.

2. Resources
• Operating room
• Inpatient rehabilitation suite
• Postanesthetic care unit (PACU)/surgical intensive care unit (SICU)
• Labor and delivery
• Blood bank
• Perfusionist/cell saver.

Others have also taken this approach with similar lists.7-32,33 Eller and colleagues32 
compared the multidisciplinary approach with standard obstetric care in women with
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placenta accreta and found lower rates of early reoperation, transfusion volume, and 
overall morbidity in the multidisciplinary group.

Counseling and Coordination of Care

Following a confirmed diagnosis of placenta accreta, we recommend transfer of care 
to a tertiary care team. A critical part of that transfer of care is the establishment of 
a point person or individuals who will coordinate care and lead the formation and inter­
action of the multidisciplinary team; in our institution this responsibility is assumed by 
a maternal-fetal medicine specialist.

Patient counseling is a critical part of the care process. Patients need to be given all 
relevant information early in the planning process and be aided in making informed 
decisions regarding their care. We favor elective cesarean hysterectomy as the safest 
approach to these patients, a view endorsed by others.7,33 We do not offer conserva­
tive or uterine preserving management in our center for patients with placenta previa 
accreta, and patients who desire such an approach receive appropriate counseling 
and referral to a center that chooses to provide such care as early in the management 
process as possible.

Timeline for Elective Delivery

Approximately 1 to 4 weeks before planned delivery by cesarean hysterectomy, we 
assemble the multidisciplinary team and lay out a discrete timeline for the individual 
patient’s care. Patients visit the neonatal intensive care unit and labor and delivery 
unit 1 to 2 weeks before delivery and receive neonatology and anesthesiology 
consults. Two doses of betamethasone (12 mg intramuscularly 24 hours apart) are 
administered a week before delivery to help with fetal lung maturation. Patients are 
admitted the day before delivery and have laboratory work including crossmatching 
of blood products.

On the morning of delivery, an epidural may be placed to aid in the placement of 
internal iliac balloon catheters if required. Following this, the patient is transferred to 
the main operating room for placement of central venous access and arterial lines. 
Delivery may take place under epidural anesthesia or general anesthesia. Following 
delivery of the infant, all hysterectomies are performed under general anesthesia. 
Patients are recovered to PACU and typically spend 24 hours in SICU before transfer 
to labor and delivery.

Anesthetic Considerations

The choice of anesthetic technique should be made by the anesthesiologist respon­
sible for the procedure. In the past, regional anesthesia has been favored for patients 
with placenta previa based on 2 small trials34,35 in which blood loss and complications 
were more common in those receiving general anesthesia. Most hysterectomies for 
placenta accreta are performed under general anesthesia, and a case could easily 
be made for conducting both the delivery and the hysterectomy under the same anes­
thetic. In the absence of evidence, either technique is acceptable. In either case, the 
most experienced anesthetist available should participate in these procedures.33

Surgical Approach

Patients may be positioned frog-legged to aid in visualization of intraoperative vaginal 
bleeding,7 although this is not our routine practice. The surgical team should comprise 
the most able and experienced surgeons available. We believe that the combination of 
maternal-fetal medicine specialists and a gynecologic oncologist is optimal. Complex 
cases may require input from urologists and vascular and general surgery. The
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abdomen is usually opened through a vertical midline incision that can easily be 
extended to facilitate exposure. The uterus should be opened in the manner of 
a classic cesarean section, staying away from the placental implantation site; this 
may result in a transfundal incision. The baby is delivered and handed to the pediatric 
staff. No attempt is made to remove the placenta and uterotonics are not typically 
given because of the risk of partial placental separation and increased 
hemorrhage.8 29 The uterus is whip stitched and the hysterectomy begun. We typically 
perform a posterior approach and a type II hysterectomy in which the ureters are care­
fully identified and preserved. The bladder flap is left until last in cases of anterior 
accreta; stringent efforts are made to avoid direct handling or dissection at the area 
of accreta. In many instances, a subtotal hysterectomy suffices.

Blood products
We recommend that women are crossmatched for 6 to 10 units of packed red blood 
ceils and that 4 units of thawed fresh frozen plasma (FFP) are available together with 
a 10 pack of platelets. A massive transfusion protocol should be in place so that further 
blood products can be made available without delay in case of catastrophic hemor­
rhage. An excellent, comprehensive set of best practices for obstetric hemorrhage, 
including the components of an obstetric massive transfusion protocol, are freely avail­
able at the California Maternal Quality Care Collaborative Web site (www.cmqcc.org).

It is imperative that blood loss is actively managed and that early replacement takes 
place before coagulopathy develops in the setting of massive hemorrhage. Typically, 
platelets and FFP are given once a predefined amount (4-6 units) of packed red cells 
has been administered. Recent battlefield experience suggests that packed red blood 
cells and FFP should be given in a 1:1 ratio if large blood losses are encountered. This 
treatment results in reduced risk of coagulopathy, decreased need for postoperative 
transfusion, and decreased mortality.36-38

Recombinant factor VII has been used to treat massive bleeding from placenta 
accreta. Dosing ranges from 30 to 90 ng/kg and may be repeated in 2 to 3 hours. In 
extreme cases, it may be life saving,39 although there seems to be a significant risk 
of thrombotic complications when it is used in the obstetric setting.40,41

The use of cell-saver autotransfusion seems to be safe in obstetric practice and free 
of the risk of amniotic fluid embolism.42 However, it has not been widely adopted. 
There are no prospective studies of its use; in our own practice, we usually set up 
the device, although we have used it only rarely.

Adjunctive Aids to Surgery

Ureteric stents have been advocated as a useful aid to avoiding ureteric injury in these 
complex cases; there is only 1 retrospective study to date29 and the data are incon­
clusive. However, it is difficult to imagine that their use would be harmful. Pelvic artery 
occlusion using balloon catheters has been advocated by several investigators, 
including ourselves.8,30,43’44 Others have suggested that there is little overall effect 
on blood loss and that complications of catheter placement, including infection, 
thrombosis, and tissue necrosis, are unacceptable risks,29’45,46 whereas others 
have reported mixed results.47 We continue to place catheters before surgery in 
many cases, although we inflate the balloons during surgery in less than 20% of cases 
in response to severe hemorrhage. In this circumstance, we believe that the occlusive 
catheters are useful, although it is difficult to prove this. Both catheters and 1 sheath 
are removed after surgery in an attempt to reduce thrombotic complications. One 
sheath is left in place overnight to facilitate targeted embolization should secondary 
hemorrhage occur.
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Prophylactic pelvic artery ligation has been suggested to be useful in this setting,48 
although Eller and colleagues29 found it unhelpful in their series.

Postoperative Care/Complications

The most common complication encountered is postoperative bleeding. Patients 
should thus be monitored after surgery in an intensive care setting for the first postop­
erative day. Transfer to a step-down facility or labor and delivery unit is recommended 
for stable patients thereafter.

Emergent Cases

As previously stated, the outcomes for emergently managed cases are usually worse 
than those managed electively. A care plan with a protocol for emergent care should 
be part of all identified antenatal accreta cases. Much of the elective protocol can be 
applied to good effect.

Conservative Management

We believe that cesarean hysterectomy is the optimum management for all cases of 
placenta accreta, although we acknowledge that conservative management is an 
option favored by some. The principal reason for pursuing conservative treatment is 
the preservation of fertility; a less common indication would be placenta percreta 
not immediately amenable to definitive surgery because of operative difficulties or 
lack of resources. Conservative treatment includes stepwise uterine devasculariza­
tion, intraoperative and postoperative embolization of pelvic vessels, methotrexate 
therapy, placental bed suturing, and intrauterine balloon occlusion. The latter 2 are 
unlikely to be successful except in cases of focal accreta, and may worsen outcome 
by delaying definitive surgery.

One recent review of 60 cases49 managed conservatively had 26 cases in which the 
placenta was partially removed, 22 cases in which the placenta was left in situ and 
methotrexate given, and 12 cases in which the placenta was undisturbed and arterial 
embolization performed. Failure of treatment occurred in all 3 groups, with a secondary 
hysterectomy rate of 20%. Eleven women had serious infectious complications, 
21 had significant vaginal bleeding, and 4 developed disseminated intravascular coag­
ulation. Pregnancies occurred subsequently in 8 women. Another recent series50 
reported on 167 women with placenta accreta managed conservatively. Treatment 
was successful in 131/167 cases. Eighteen hysterectomies were performed for 
primary postpartum hemorrhage and 18 were done as delayed procedures for persis­
tent hemorrhage, sepsis, and other morbidities. The investigators concluded that most 
patients with placenta accreta should be offered primary definitive surgery.

SUMMARY

Placenta accreta is a significant source of obstetric morbidity and mortality. Its inci­
dence is increasing as a direct consequence of the increasing cesarean section 
rate. Optimum management for most cases requires elective cesarean hysterectomy, 
ideally performed at about 34 weeks’ gestation. A multidisciplinary approach 
produces the best outcomes.
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The dictum “Once a cesarean, always a cesarean” has largely permeated the obstetric 
practice for most of the twentieth century and today.1 Although trial of labor after 
previous cesarean delivery (TOLAC) provides women who had a prior cesarean with 
an opportunity to achieve a vaginal birth after cesarean (VBAC), this was not
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considered a reasonable option until the 1970s to 1980s.2-4 As the annual incidence of 
cesarean delivery increased from less than 5 per 100 live births during the 1970s to 
23.5 per 100 live births in the United States in 1988,5 the National Institute of Health 
(NIH) and the World Health Organization (WHO) held consensus conferences in the 
1980s and concluded that cesarean delivery rates were too high and that VBAC 
was an acceptable approach for reducing cesarean delivery.6,7 With this change in 
recommendations, the annual incidence of VBAC (defined as the number of VBACs 
per 100 women with a prior cesarean delivery per year) increased from 5/100 (5%) 
in 1985 to 28.3/100 (28.3%) in 1996.® At an individual level, successful VBAC is asso­
ciated with a lower risk of maternal morbidity and fewer complications in future preg­
nancies; at a population level, VBAC is associated with an overall decrease in 
cesarean delivery.9,10 However, neither elective repeat cesarean delivery (ERCD) 
nor TOLAC is without risks. With increasing number of TOLAC, there were also reports 
of uterine scar dehiscence or rupture and associated maternal and/or neonatal 
morbidity and mortality.11-13 In the next decade, there was a steep decline in the 
frequency of VBAC down to an incidence of 8.5/100 (8.5%) in 2006,14 likely caused 
by concern for perinatal morbidity and associated medical-legal liability.

The recent Practice Bulletin by the American College of Obstetricians and Gynecol­
ogists (ACOG) on Vaginal Birth After Previous Cesarean Delivery recommended that 
“most women with one previous cesarean delivery with a low transverse incision 
are candidates for and should be counseled about VBAC and offered TOLAC.”15 
Despite this, the option of TOLAC is no longer available in one-third of hospitals16 
and clinicians are less inclined to offer TOLAC.17 System-level changes, along with 
better identification of candidates of TOLAC, would likely be required to increase 
the VBAC rate.

This paper builds on a recent systematic evidence review conducted for the NIH 
Consensus Conference sponsored by the Agency for Healthcare Research and 
Quality (AHRQ) on VBAC18 and 2 meta-analyses on prediction of VBAC19 and associ­
ated perinatal outcomes.20 It particularly emphasizes the information that clinicians 
and patients need to make decisions.

PRACTICE OF VBAC

The overall TOLAC among US studies was 58%, with a range of 28% to 70%.18 For 
studies initiated after 1996, less than half of women (44%) had a TOLAC, compared 
with 62% of women in studies initiated before 1996.18 Many factors, including site 
of delivery (rural vs urban), type of hospital (teaching vs community), history of prior 
vaginal delivery (including prior VBAC), and race/ethnicity (black and other minorities 
vs white), had been identified to modify TOLAC rates.18,21-25 The incidence of VBAC 
among people who had TOL4C is approximately 74% in the United States.18

IDEAL CANDIDATES FOR VBAC

One of the greatest challenges in counseling and managing women with previous 
cesarean delivery regarding whether to undergo TOLAC versus ERCD is the inability 
to accurately identify women who have a high probability of VBAC and those who 
have increased risk of morbidity with TOLAC and thus may be better candidates for 
ERCD. Several factors have been identified to influence the likelihood of successful 
VBAC; these, in turn, can influence the decision to either undergo a trial of labor or 
proceed with elective repeat cesarean.

One of the strongest predictors of VBAC is previous vaginal delivery (Table 1). 
Studies consistently report that women with a history of vaginal delivery have a higher
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Abbreviation: BMI, body mass index.

Table 1
Factors associated with VBAC (f, favorable factors; J., unfavorable factors)

ft Previous VBAC, previous vaginal deliveries

t Indication of prior cesarean as nonrecurring (eg, breech, fetal intolerance of labor)

I Hispanic compared with white; African American compared with white 
Increase in maternal age
Increased maternal BMI
Preexisting maternal medical disease
Short interdelivery interval (<18 mo)
Prolonged gestation >41 wk

U Indication of prior cesarean as recurring (eg, failure to progress, labor dystocia, 
or arrest of descent)

Macrosomia (birthweight >4000 g)

likelihood of VBAC than women who do not have prior vaginal deliveries. Although the 
probability of VBAC for women without history of vaginal delivery was 65%, women 
with prior vaginal delivery preceding cesarean had an 83% probability of achieving 
VBAC; for women with prior VBAC, the probability of subsequent successful VBAC 
was 94%.26 A recent meta-analysis that examined predictors of VBAC similarly 
reported that prior vaginal delivery increases the odds of VBAC by more than threefold 
(odds ratio [OR] 3.41; 95% confidence interval [Cl] 2.56-4.54).19 More specifically, 
although having the experience of vaginal delivery is a favorable prognostic predictor 
of VBAC (a vaginal delivery preceding cesarean increased the odds of achieving VBAC 
[OR 1.60; 95% Cl 1.22-2.09]), women who had prior VBAC had more than fourfold the 
odds of having VBAC again (OR 4.39; 95% Cl 2.87-6.72).19 Data from the National 
Institute of Child Health and Human Development Maternal-Fetal Medicine Units 
Network (MFMU) suggest that the number of prior VBACs remains positively corre­
lated with increasing success of VBAC, such that, for women with 0, 1, 2, 3, and 4 
or more prior VBACs, the likelihood of achieving VBAC in the current pregnancy 
was 63.3%, 87.6%, 90.9%, 90.6%, and 91.6%, respectively (Pc.001).27

When the cesarean was performed for nonrecurrent indications, such as fetal mal- 
presentation or breech, the probability of VBAC was approximately 7 5%.18,19,28-30 
One retrospective study reported that a previous cesarean delivery performed for 
malpresentation significantly increased the likelihood of VBAC (OR 7.4; 95% Cl 
2.8-19.2).31 Another retrospective study also reported a similar association of VBAC 
for breech as the indication compared with nonbreech indications, although the esti­
mated OR was smaller (OR 1.9; 95% Cl 1.0-3.7).32 These results were not pooled for 
meta-analysis because of differences in designation of reference comparisons but, 
overall, previous cesarean attributable to malpresentation as an indication was 
considered a favorable predictor of VBAC (see Table 1).19 It was estimated that 
women with a previous cesarean for malpresentation carry a risk of repeat cesarean 
delivery that is similar to a nulliparous woman’s risk of primary cesarean in labor: 
the estimated odds of repeat cesarean delivery is 0.95 (95% Cl 0.7-1,30).33

Although previous cesarean for nonrecurring indications as discussed earlier is 
a favorable predictor of VBAC, it seems that the probability of achieving VBAC is lower 
if prior indication of cesarean was related to cephalopelvic disproportion (see 
Table 1).18,19 More specifically, when failure to progress/active phase arrest, labor 
dystocia, arrest of descent, or cephalopelvic disproportion were the indications of 
previous cesarean, the likelihood of VBAC is about 54% (48%-60%).18 The likelihood
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of VBAC is around 60% (49%-69%) if fetal intolerance of labor/fetal distress was the 
reason for prior cesarean.18 Thus, compared with previous cesarean performed for 
nonrecurring indications (such as malpresentation/breech), women whose previous 
cesarean was performed for recurring indications had lower odds of achieving 
VBAC (adjusted OR [aOR] 0.42-0.8; 95% Cl 0.3-0.6).18,32,34,35

Some obstetric factors (gestational age at delivery, birth weight) have been shown 
to modify the likelihood of VBAC (see Table 1). Infant birth weight is a strong predictor: 
as infant birth weight increases, the likelihood of VBAC decreases such that, for 
women whose infant weighed more than 4000 g, the probability of VBAC was reduced 
by 39% to 51% relative to that of women who had smaller infants.35-38 A meta- 
analysis that examined 5 studies reported that women whose infant weighed more 
than 4000 g had nearly half the likelihood of VBAC (OR 0.55; 95% Cl 0.49-0.61).19 
However, infant birth weight is not known before delivery, and estimating fetal weight 
in the third trimester is notoriously challenging and inaccurate.39,40 Several studies 
also examined gestational age as a predictor of VBAC, but they varied in study design 
and thus pooled estimates of effect cannot be generated, although the overall trend 
seems to be that, as gestational age increases, the likelihood of VBAC is decreased, 
particularly when the pregnancy progresses beyond 41 weeks’ gestation.19

Several maternal demographic factors have been examined for their potential to 
improve the clinician’s ability to predict VBAC (see Table 1). Of the many demographic 
predictors, the strongest and most consistent seems to be race/ethnicity.19 Three 
cohort studies report that, compared with non-Hispanic white women, Hispanic 
women and African American women had a lower likelihood of achieving a VBAC: 
a reduction of 29% to 50% for Hispanic women and 20% to 52% for African 
Americans.34,41,42 When these studies were examined in a meta-analysis, Hispanic 
women had a significantly reduced odds of VBAC (pooled OR 0.59; 95% Cl 
0.50-0.71) as did African American women (pooled OR 0.62; 95% Cl 0.48-0.80) 
compared with white women.19 Although nonwhite women were more likely to 
undergo a TOLAC, they were less likely to achieve VBAC; the reasons for this remain 
unclear.25 Studies that examined the association between maternal age and VBAC 
report an inverse relationship: older women are less likely to have a VBAC (see 
Table 1). Compared with women aged 40 years or younger, women older than 40 
years had nearly half the likelihood of VBAC in a meta-analysis (OR 0.53; 95% Cl 
0.32-0.86).19 When age was examined as a continuous variable, for every 5-year 
incremental increase in maternal age, the odds of VBAC also decreased (OR 0.83; 
95% Cl 0.79-0.87).19 When maternal age was examined as a risk factor for needing 
emergency cesarean in the setting of TOLAC, a positive association was again seen 
(OR 1.22 per incremental 5-year increase in age; 95% Cl 1.16-1.28).43

Other maternal characteristics that can modify the likelihood of VBAC are maternal 
weight and presence of medical conditions (see Table 1). Increasing maternal body 
mass index (BMI) at first prenatal visit or at delivery decreases the probability 
of VBAC.34,37 Each unit increase in BMI at first prenatal visit decreases the likelihood 
of VBAC (OR 0.94; 95% Cl 0.93-0.95).34 Compared with nonobese women 
(BMI<30 kg/m2), women with a BMI greater than or equal to 30 kg/m2 at delivery 
have much lower odds of VBAC (OR 0.55; 95% Cl 0.51-60).37 Because many medical 
conditions complicating pregnancy are associated with increased risk of cesarean 
delivery, 3 large cohort studies reported that women with medical diseases were less 
likely to have VBAC, by 17% to 58%, with the following aORs: chronic hypertension 
(OR 0.70; 95% Cl 0.56-0.86); diabetes/gestational diabetes (OR 0.42; 95% Cl 0.28- 
0.62); and presence of any hypertension, diabetes, asthma, seizures, renal disease, 
thyroid disease, or collagen vascular disease (OR 0.83; 95% Cl 071-0.91).35,37,42
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There is considerable interest in whether the number of prior cesareans affects the 
likelihood of VBAC (see Table 1). Because most studies of TOLAC/VBAC focus on 
women with 1 prior cesarean delivery, data on TOLAC in women with more than 1 
previous cesarean delivery are less clear. Two large, multicenter cohort studies report 
that the probability of achieving successful VBAC appears to be similar for women 
with 1 prior cesarean (75.5%) ormore than 1 cesarean delivery (74.6%), although 1 study 
reported higher risks of uterine rupture whereas the other did not.44,45 Thus, the ACOG 
practice bulletin on VBAC stated that, “it is reasonable to consider women with 2 
previous low transverse cesarean deliveries to be candidates for TOLAC, and to counsel 
them based on the combination of other factors that affect their probability of achieving 
a successful VBAC.”15 Data on the risks and outcomes of women undergoing TOLAC 
with 3 or more previous cesarean deliveries are scant. One multicenter cohort study 
did not observe any cases of composite maternal morbidity and noted a similar proba­
bility of achieving VBAC (79.8%) for women with 3 or more previous cesareans as for 
women with 1 prior cesarean delivery (75.5%; aOR 1.4; 95% Cl 0.81-2.41).46

CONSIDERATIONS FOR ANTEPARTUM AND INTRAPARTUM MANAGEMENT 
OF WOMEN WITH PRIOR CESAREAN
Induction/Augmentation of Labor and VBAC

Induction of labor (IOL) for maternal or fetal indications is increasingly common in 
obstetric practice and has increased from 9.5% in 1990 to 22.8% in 2007 in the United 
States47 Although TOLAC remains an option in women for whom induction of labor is 
indicated, labor induction and augmentation is associated with a decreased likelihood 
of VBAC (OR 0.56; 95% Cl 0.38-0.83.18'19 Most studies on this topic examined the use 
of prostaglandin E2 (PGE2) as the cervical ripening agent: the pooled estimates of 
VBAC rate in women with previous cesarean who received PGE2 for IOL was approx­
imately 63% (95% Cl 58%-69%).18 Data on misoprostol or mifepristone as IOL agents 
are more limited; the pooled estimates of VBAC rate range between 61 % and 69%.18 
Although oxytocin can be used alone for the purpose of induction or for augmentation 
of labor, studies that examined use of oxytocin as an induction agent estimated the 
probability of VBAC to be 62% (95% Cl 53%-70%); as an augmentation agent, 
oxytocin is similarly associated with decreased probability of VBAC (68%; 95% Cl 
64%-72%).18 The pooled estimates from a meta-analysis report that women whose 
labor required oxytocin augmentation had nearly half the likelihood of VBAC 
compared with those who did not (OR 0.52; 95% Cl 0.33-0.82).19

Cervical Status at Admission and VBAC

The likelihood of VBAC may be modified by intrapartum conditions such as cervical 
status and labor progression. Some studies have reported that women admitted 
with a more favorable cervical status (eg, cervical dilation >4 cm, advanced efface­
ment) in spontaneous labor have a twofold increase in the likelihood of VBAC 
compared with those with unfavorable cervix (OR 2.2-2.6; 95% Cl 1.7-2.8).19'37’48 
When As a continuous variable, each centimeter in cervical dilatation at admission 
is associated with increased odds of VBAC (OR 1.89; 95% Cl 1.13-3.22).49 More 
than 75% effacement of the cervix (compared with 25% effacement) at admission 
also increases the likelihood of VBAC (OR 2.72; 95% Cl 2.00-3.71 ).48

OUTCOMES OF TRIAL OF LABOR VERSUS ERCD FOR INDEX PREGNANCY

Because a successful VBAC cannot be guaranteed, and because risks versus benefits 
may be disproportionately associated with a failed trial of labor after cesarean (in which
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a woman undergoes a repeat cesarean delivery after a trial of labor) compared with an 
elective repeat cesarean or a successful VBAC, the appropriate statistical comparison 
for both research and patient counseling regarding mode of delivery for women with 
a previous cesarean is by intention to deliver: TOLAC versus ERCD.18 This article 
focuses on the risks of morbidity associated with TOLAC and those associated with 
ERCD.

Maternal Death

Despite improvement in medical technology and care, maternal mortality increased 
from 7 to 9 per 100,000 in the 1980s and 1990s to 12 to 15 per 100,000 since 
2OO3.50'51 Although the absolute risk of maternal death remains low, a meta- 
analysis found that maternal mortality is higher for ERCD, at 13.4 per 100,000 (95% 
Cl 4.3-41.6 per 100,000 ERCD) compared with 3.8 per 100,000 TOLAC (95% Cl 
0.9-15.5 per 100,000 TOLAC).18,20 One study examined whether hospitals with low 
delivery volumes (defined as fewer than 500 deliveries per year) were associated 
with increased odds of maternal mortality with TOLAC and did not observe a statistical 
significance because of the small number of maternal deaths.52

Uterine Rupture

Uterine rupture is potentially life threatening and catastrophic for the expecting mother 
and her fetus(es), and it is the outcome associated with TOLAC that most significantly 
increases the risk of perinatal morbidity and mortality.9,18 Among studies that exam­
ined uterine rupture for both TOLAC and ERCD groups, the overall incidence of uterine 
rupture was 0.30% (95% Cl 0.23%-0.40%); however, 96% of ruptures occurred in 
women who had TOLAC.18 Thus, despite the absolute risk of uterine rupture remaining 
low, the risk of uterine rupture is higher for women undergoing TOLAC than ERCD 
(Table 2). In addition, the occurrence of uterine rupture was higher for studies limited 
to term pregnancies compared with studies that included women of any gestational 
age at delivery (0.78% vs 0.32%, respectively; P = .03).18 When the direction of 
previous uterine incision was examined as a risk factor for uterine rupture, one multi­
center cohort study reported that women with a low, transverse cesarean delivery or 
an unknown scar have the lowest risk of rupture (0.63%-0.75%).18,53

Another factor that may modify the risk of uterine rupture is IOL. More specifically, 
the risk of uterine rupture among women who had induction was lowest with oxytocin 
(1.1 %), followed by PGE2 (2%), and highest with misoprostol (6%); however, these risk 
estimations may be imprecise given the consistency in study design and method­
ology, so these results should be interpreted with caution.18 In particular, the method 
of induction is likely associated with the cervical status as well as the duration of

Table 2
Maternal outcomes associated with TOLAC versus ERCD

Favors TOLAC Favors ERCD No Difference
Maternal death *x — —

Uterine rupture — jx —

Hysterectomy — — jx

Hemorrhage and transfusion — — JX

Infection — — jx

Surgical injury — — JX
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induction, which may confound the strength of the associations reported in many 
studies. Individual factors associated with uterine rupture included increasing 
maternal age, prior vaginal delivery or VBAC, increased number of previous cesarean 
deliveries, increased gestational age at delivery, shorter interpregnancy interval, 
induction/augmentation of labor, epidural anesthesia, and having a single-layer 
uterine closure on previous cesarean.18

Although the presence of risk factors may help identify women at higher risk of 
uterine rupture, the diagnosis of rupture can be challenging because there is no single 
sign that reliably indicates the occurrence of rupture. Fetal heart rate tracing abnor­
malities, especially fetal bradycardia (reported in 33%-100% of uterine ruptures), 
are the most commonly observed signs of uterine rupture.3,54-56 Others include 
maternal vaginal bleeding, pain, and abnormal uterine contraction patterns.48

Hysterectomy

Among the 8 studies that examined the risk of hysterectomy among women with 
previous cesarean, the summary incidence was 0.28% for women who had ERCD 
(95% Cl 0.12%-0.67%) and 0.17% for women who had a trial of labor (95% Cl 
0.12%-0.26%), which were not statistically significantly different (see Table 2).18 
Among term pregnancies, the incidence of hysterectomy among women who had 
TOLAC and ERCD were similar (0.14% vs 0.16%, respectively; P = .67). When the 
risk of hysterectomy was compared among women who had TOLAC after 1 cesarean, 
TOLAC after 2 or more cesareans, and ERCD, the incidence of hysterectomy was 
lowest among women with TOLAC after 1 cesarean delivery (0.2%), whereas it was 
0.4% among women who had ERCD, and highest (0.6%) among women who had 
TOLAC after multiple previous cesareans.36

Hemorrhage and Transfusion

Studies report increased rates of hemorrhage associated with ERCD (0.3%-29%) 
compared with TOLAC, but none found a statistically significant difference between 
the 2 groups (see Table 2).18 Inconsistent definitions of hemorrhage used by various 
studies probably contributed to the wide range of hemorrhage rates reported. In addi­
tion, physicians’ estimation of blood loss has been known to be imprecise and this 
adds to the challenge of studying this topic.18 Because these studies did not use 
similar definitions to diagnose hemorrhage, these data were not combined to provide 
pooled estimates.

The difference in pooled incidences of transfusion among women who had TOLAC 
(0.9%) and women who had ERCD (1.2%) was not statistically significant (see 
Table 2).18 However, when data were limited to only term pregnancies, the risk of 
transfusion was higher for TOLAC (0.7%; 95% Cl 0.2%-2.2%) than for ERCD 
(0.5%; 95% Cl 0.2%-1.3%), with a relative risk (RR) that is higher for TOLAC 
(RR 1.30; 95% Cl 1.15 to 1.4).18 When the risk of transfusion was stratified among 
women who had ERCD and women who had indicated repeat cesarean (IRCD) with 
or without labor, women who had IRCD without labor had a higher risk of transfusion, 
suggesting that maternal comorbid conditions contribute to the risk of transfusion.53

Infection

There was no significant difference in the overall infection risk between women who 
had TOLAC and women who had ERCD (see Table 2).18 When infection was further 
stratified by type (endometritis, chorioamnionitis, wound infection, and fever), a higher 
risk of endometritis was seen in women who had TOLAC (0.8%-30%) than those who 
had ERCD (1,2%-18%).18 There was a significant increase in the rate of endometritis
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with increasing BMI such that, in morbidly obese women (BMI >40 kg/m2), TOLAC is 
associated with more than twice the odds of endometritis than ERCD (aOR 2.4; 95% 
Cl 1.7-3.5).57 Similarly, a higher incidence of chorioamnionitis was seen in women who 
had TOLAC compared with those who had ERCD.58,59 There was no statistically 
significant difference in the risk of wound infection in TOLAC compared with 
ERCD.18 The pooled incidence of febrile morbidity was 6.5% (95% Cl 4.4%-9.3%) 
for women who had TOLAC and 7.2% (2.5%-18.9%) for women who had ERCD; 
the relative risk of fever for TOLAC was significantly lower than ERCD (RR 0.63; 
95% Cl 0.43-0.91).18 When the association of fever was further evaluated by 
outcomes of TOLAC, women who had either cesarean after a trial of labor or ERCD 
had higher risk compared with those who had successful VBAC, thus suggesting 
surgery as a risk factor for febrile morbidity.18’59,60

Surgical Injury

Surgical injury is a rare complication during delivery. Secondary data analyses from 
a multicentered large cohort study suggest that the risk of surgical injury between 
TOLAC and ERCD was not statistically significantly different (see Table 2).18,46,53,57,61

CONSIDERATIONS FOR FUTURE PREGNANCIES AND THE IMPACT OF MULTIPLE 
CESAREANS

Women who choose an ERCD or those who have an unsuccessful TOLAC will likely 
require cesarean delivery for all future pregnancies, making it important to understand 
the risks, including hysterectomy and placental abnormalities, associated with 
multiple prior cesareans.

Hysterectomy

Hysterectomy rates increased with each additional cesarean in all stud­
ies.4,13,16,17’19,20,22 The OR for hysterectomy increased with the number of prior cesar­
eans, from 0.7 to 2.14 with 1 prior cesarean, 1.4 to 7.9 with 1 or more prior cesareans, 
and to 3.8 to 18.6 with 2 or more prior cesareans. The association between increased 
risk of hemorrhage, blood transfusion, surgical injury, and adhesions with increasing 
number of cesarean deliveries was consistently reported in all studies.18,20 Increasing 
number of cesarean deliveries was not associated with a change in perioperative 
infection or wound complications.

Placenta Previa

Prior cesarean was a statistically significant risk factor for placenta previa compared 
with prior normal spontaneous vaginal delivery (NSVD; OR 1.48-3.95).18 The pooled 
analysis estimated the absolute risk of previa associated with any number of cesar­
eans as 12 per 1000 (95% Cl 8,15 per 1000; P<.001).2OThe incidence with each addi­
tional prior cesarean delivery increased from 10 per 1000 with 1 prior cesarean 
delivery (95% Cl 6, 13 per 1000) to 28 per 1000 (95% Cl 18, 37 per 1000) with 3 or 
more cesarean deliveries. Women with no prior cesarean delivery and previa required 
hysterectomy in 0.7% to 4% of cases compared with 50% to 67% in women with 3 or 
more prior cesarean deliveries.34,62-64

Placenta Accreta

The incidence of placenta accreta increased with increasing number of cesarean 
deliveries. The increased incidence did not reach statistical significance until women 
had at least 2 prior cesarean deliveries compared with no prior cesarean delivery
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(OR 8.6-29.8).18 Women with 1 prior cesarean delivery had a rate of accreta of 0.3% to 
0.6%. In comparison with women without prior cesarean delivery, the OR for accreta 
with 1 prior cesarean delivery was 1.3 to 2.16, which was not statistically significant. 
The incidence of accreta continued to increase with increasing prior cesarean delivery 
up to 6.74% for women with 5 or more prior cesarean delivery compared with no prior 
cesarean delivery, with an OR of 29.8.18

Two studies noted a statistically significant increase in accreta in women with previa 
and prior cesarean delivery.3'4 As the number of prior cesarean delivery increased, the 
presence of placenta previa increased the likelihood of placenta accreta from 3.3% to 
4% in women undergoing their first cesarean delivery to 50% to 67% in women with 
4 or more prior cesarean delivery. The risk of hysterectomy in women with accreta 
and prior cesarean delivery was not reported separately, but 2 studies found that 
accreta was a significant risk factor for hysterectomy (OR 43-99.5; 95% Cl 
19.0, oo ).13'16

Each additional cesarean is associated with increased maternal morbidity in a dose­
response fashion, especially for women with 3 or more prior cesareans, who are at 
statistically significant increased risk of previa, accreta, and hysterectomy.

SHARED DECISION MAKING AND COUNSELING

For most of the twentieth century, “Once a cesarean, always a cesarean” was the 
standard obstetric practice. Although TOLAC is deemed an appropriate option in 
women with previous cesarean delivery, assessment of individual risks and the likeli­
hood of successful VBAC are important in determining who may be appropriate candi­
dates for TOLAC. Much effort has been put forth to improve the identification of 
prognostic factors associated VBAC and to develop normograms for predicting 
VBAC and associated morbidity.31’34’49,65 In addition, patient involvement in the 
decision-making process and counseling of TOLACA/BAC has been associated 
with increased choice of TOLAC as well as increased patient satisfaction. Early timing 
of counseling is likely to be important because nearly half of the women with prior 
cesarean make decisions about future TOLAC before becoming pregnant again.19

Ideally, good candidates for planned TOLAC are women in whom the balance 
between risks (desirably as low as possible) and success (as high as possible) is 
acceptable both to the patient and the clinician. However, this is often an individual 
decision, and what is considered acceptable for 1 patient may be different for another. 
Thus, counseling of women with previous cesarean delivery who are considering their 
delivery options involves personalized information. The key in facilitating a woman’s 
decision with respect to undergoing a TOLAC is proper counseling regarding her 
chances of success, a uterine rupture, and injury to herself or fetus if she experiences 
a uterine rupture.

Informed consent today for any woman who desires a TOLAC must address 
4 specific questions: (1) what is her chance of having a successful VBAC? (2) What 
is the risk that she will have a uterine rupture if she does attempt a VBAC? (3) What 
is the chance of harm or death to her baby if the uterus ruptures? (4) What are the risks 
of undergoing a repeat cesarean delivery? In addition, future fertility/family plans 
present as a key factor that should be considered because multiple cesareans 
increase a woman’s risk for future pregnancy complications. In particular, the risk of 
placenta previa, accreta, and hysterectomy increases in a dose-response fashion 
with increasing number of cesarean deliveries, so clinicians should elucidate future 
pregnancy/family plans and incorporate such in the decision-making process with 
the patient.
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SUMMARY

The annual incidence of cesarean delivery in the United States continues to increase 
such that today, nearly 1 in 3 pregnant women undergo cesarean.48 This trend is 
contrary to the national goal of decreasing cesarean delivery in low-risk women.66 67 
Although there are many potential causes, the decline in VBACs contributes to the 
continual increase in cesarean deliveries. Prior cesarean delivery is the most common 
indication for cesarean and accounts for more than one-third of all cesareans. As the 
most common inpatient surgical procedure performed in the United States, cesarean 
delivery also accounts for nearly half of the childbirth-related expenses of hospitaliza­
tion, at $7.8 billion annually.18 Thus, the appropriate use and safety of cesarean and 
VBAC are of concern not only at the individual patient and clinician level but they 
also have far-reaching public health and policy implications at the national level. 
Although TOLACA/BAC is a reasonable and safe option for most women with prior 
cesarean delivery, careful consideration of risks/benefits and assessment of individual 
factors is vital in this decision-making process.

REFERENCES

1. Cragin EB. Conservatism in obstetrics. NY Med J 1916;104:1-3.
2. Lavin JP, Stephens RJ, Miodovnik M, et al. Vaginal delivery in patients with a prior 

cesarean section. Obstet Gynecol 1982;59:135-48.
3. Flamm BL, Newman LA, Thomas SJ, et al. Vaginal birth after cesarean delivery: 

results of a 5-year multicenter collaborative study. Obstet Gynecol 1990;76:750-4.
4. Miller DA, Diaz FG, Paul RH. Vaginal birth after cesarean: a 10-year experience. 

Obstet Gynecol 1994;84:255-8.
5. Centers for Disease Control and Prevention (CDC). Rates of cesarean delivery— 

United States 1991. MMWR Morb Mortal Wkly Rep 1993;42:285-9.
6. Cesarean Childbirth: report of a Consensus Development Conference. Spon­

sored by the NICHD in conjunction with the National Center for Health Care 
Technology and assisted by the Office for Medical Applications of Research. 
Washington, DC: NIH Publication; 1981. p. 82-2067.

7. Appropriate technology for birth. Lancet 1985;2:436-7.
8. Menacker F, Declercq E, Macdorman MF. Cesarean delivery: background, 

trends, and epidemiology. Semin Perinatol 2006;30:235-41.
9. American College of Obstetricians and Gynecologists. Practice Bulletin: Clinical 

management guidelines for obstetrician-gynecologists. Vaginal birth after 
previous cesarean delivery. Obstet Gynecol 2010;116:450-63.

10. Curtin SC. Rates of cesarean birth and vaginal birth after previous cesarean, 
1991-95. Mon Vital Stat Rep 1997;45(11 Suppl 3):1-12.

11. Sachs BP, Kobelin C, Castro MA, et al. The risks of lowering the cesarean-delivery 
rate. N Engl J Med 1999;340:54-7.

12. Phelan JP. VBAC: time to reconsider? OBG Management 1996;8:64-8.
13. Caughey AB, Shipp TD, Repke JT, et al. Rate of uterine rupture during a trial of 

labor in women with one or two prior cesarean deliveries. Am J Obstet Gynecol 
1999;181:872-6.

14. Martin JA, Hamilton EB, Sutton PD, et al. Births: final data for 2006. Natl Vital Stat 
Rep 2009;57:1-104.

15. The American College of Obstetricians and Gynecologists Practice Bulletin—Clinical 
Guidelines for Obstetrician-Gynecologists. Vaginal birth after previous cesarean 
delivery. No 115, August 2010 (replaces Practice Bulletin No 54, July 2004 and 
Committee Opinion No 342, August 2006). Obstet Gynecol 2010; 116:450-63.

Aku
sh

er
-L

ib.
ru



Maternal Morbidity and Mortality 307

16. National Institutes of Health. NIH Consensus Development Conference: vaginal 
birth after cesarean: new insights. Consensus Development Conference state­
ment. Bethesda (MD): NIH; 2010. Available at: http://consensus.nih.gov/2010/ 
images/vbac/vbac_statement.pdf. Accessed November 9, 2010.

17. Angelini DJ, Greenwald L. Closed claims analysis of 65 medical malpractice 
cases involving nurse-midwives. J Midwifery Womens Health 2005;50:454-60.

18. Guise JM, Eden K, Erneis 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. 290-2008-10057-1). AHRQ Publication No. 10-E003. Rockville (MD): Agency 
for Healthcare Research and Quality; 2010.

19. Eden KB, McDonagh M, Denman MA, et al. New insights on vaginal birth after 
cesarean: can it be predicted? Obstet Gynecol 2010;116:967-81.

20. Guise JM, Denman MA, Erneis C, et al. Vaginal birth after cesarean: new insights 
on maternal and neonatal outcomes. Obstet Gynecol 2010;115:1267-78.

21. McMahon MJ, Luther ER, Bowes WA Jr, et al. Comparison of a trial of labor with 
an elective second cesarean section. N Engl J Med 1996;335:689-95.

22. Cameron CA, Roberts CL, Peat B. Predictors of labor and vaginal birth after 
cesarean section. Int J Gynaecol Obstet 2004;85:267-9.

23. Hueston WJ, Rudy M. Factors predicting elective repeat cesarean delivery. 
Obstet Gynecol 1994;83:741-4.

24. Pang MW, Law LW, Leung TY, et al. Sociodemographic factors and pregnancy 
events associated with women who declined vaginal birth after cesarean section. 
Eur J Obstet Gynecol Reprod Biol 2009;143:24-8.

25. Selo-Ojeme D, Abulhassan N, Mandal R, et al. Preferred and actual delivery 
mode after cesarean in London, UK. Int J Gynaecol Obstet 2008;102:156-9.

26. Elkousy MA, Sammel M, Stevens E, et al. The effect of birthweight on vaginal birth 
after cesarean delivery success rates. Am J Obstet Gynecol 2003;188:824-30.

27. Mercer BM, Gilbert S, Landon MB, et al. Labor outcomes with increasing number 
of prior vaginal births after cesarean delivery. Obstet Gynecol 2008;111:285-91.

28. Van Gelderen CJ, England MJ, Naylor GA, et al. Labour in patients with 
a cesarean section scar. The place of oxytocin augmentation. S Afr Med J 
1998;70:529-32.

29. Horenstein JM, Eglinston GS, Tahilramaney MP, et al. Oxytocin use during a trial 
of labor in patients with previous cesarean section. J Reprod Med 1984;29:26-30.

30. Flamm BL, Goings JR, Fuelberth NJ, et al. Oxytocin during labor after previous 
cesarean section: results of a multicenter study. Obstet Gynecol 1987;70:709-12.

31. Gonen R, Tamir A, Degani S, et al. Variables associated with successful vaginal 
birth after one cesarean section: a proposed vaginal birth after cesarean section 
score. Am J Perinatol 2004;21:447-53.

32. Weinstein D, Benshushan A, Tanos V, et al. Predictive score for vaginal delivery 
after cesarean section. Am J Obstet Gynecol 1996;174:192-8.

33. Shipp TD, Zelop CM, Repke JT, et al. Labor after previous cesarean: influence of 
prior indication and parity. Obstet Gynecol 2000;95:913-6.

34. Grobman WA, Lai Y, Landon MB, et al. Development of a nomogram for predic­
tion of vaginal birth after cesarean delivery. Obstet Gynecol 2007;109:806-12.

35. Gyamfi C, Juhasz G, Gyamfi P, et al. Increased success of trial of labor after 
previous vaginal birth after cesarean. Obstet Gynecol 2004;104:715-9.

36. Landon MB, Spong CY, Thom E, et al. Risk of uterine rupture with a trial of labor in 
women with multiple and single prior cesarean delivery. Obstet Gynecol 2006; 
108:12-20.

Aku
sh

er
-L

ib.
ru

http://consensus.nih.gov/2010/


30S Cheng et al

37. Landon MB, Leindecker S, Spong CY, et al. The MFMU Cesarean Registry: 
factors affecting the success of trial of labor after previous cesarean delivery. 
Am J Obstet Gynecol 2005;193:1016-23.

38. Zelop CM, Shipp TD, Cohen A, et al. Trial of labor after 40 weeks’ gestation in 
women with prior cesarean. Obstet Gynecol 2001;97:391-3.

39. Chauhan SP, Cowan BD, Magann EF, et al. Intrapartum detection of a macrosomic 
fetus: clinical versus 8 sonographic models. Aust N Z J Obstet Gynaecol 1995; 
35:266-70.

40. Hiratal Gl, Medearis AL, Horenstein J, et al. Ultrasonographic estimation of fetal 
weight in the clinically macrosomic fetus. Am J Obstet Gynecol 1990;162:238-42.

41. King DE, Lahiri K. Socioeconomic factors and the odds of vaginal birth after 
cesarean delivery. JAMA 1994;272:524-9.

42. Srinivas SK, Stamilio DM, Stevens EJ, et al. Predicting failure of a vaginal birth 
attempt after cesarean delivery. Obstet Gynecol 2007;109:800-5.

43. Smith GC, White IR, Pell JP, et al. Predicting cesarean section and uterine rupture 
among women attempting vaginal birth after prior cesarean section. PLoS Med 
2005;2:e252.

44. Macones GA, Cahill A, Pare E, et al. Obstetric outcomes in women with two prior 
cesarean deliveries: is vaginal birth after cesarean delivery a viable option? Am J 
Obstet Gynecol 2005;192:1223-8.

45. Asakura H, Myers SA. More than one previous cesarean delivery: a 5-year expe­
rience with 435 patients. Obstet Gynecol 1995;95:924-9.

46. Cahill AG, Tuuli M, Odibo AO, et al. Vaginal birth after cesarean for women with 
three or more prior cesareans: assessing safety and success. BJOG 2010; 117: 
422-7.

47. Martin JA, Hamilton BE, Sutton PD, et al. Birth: final data for 2007. Natl Vital Stat 
Rep 2010;58:1-125.

48. Flamm BL, Geiger AM. Vaginal birth after cesarean delivery: an admission 
scoring system. Obstet Gynecol 1997;90:907-10.

49. Macones GA, Hausman N, Edelstein R, et al. Predicting outcomes of trials of 
labor in women attempting vaginal birth after cesarean delivery: a comparison 
of multivariate methods with neural networks. Am J Obstet Gynecol 2001; 194: 
409-13.

50. Hoyert DL. Maternal mortality and related concepts. Vital Health Stat 2007;33: 
1-13.

51. Kung HC, Hoyert DL, Xu J, et al. Death: final data for 2005. Natl Vital Stat Rep 
2008;56:1-120.

52. Wen SW, Rusen ID, Walker M, et al. Maternal Health Study Group, Canadian Peri­
natal Surveillance System. Comparison of maternal mortality and morbidity 
between trial of labor and elective cesarean section among women with previous 
cesarean delivery. Am J Obstet Gynecol 2004;191:1263-9.

53. Spong CY, Landon MB, Gilbert S, et al. National Institute of Child Health and 
Human Development (NICHD) Maternal-Fetal Medicine Units (MFMU) Network. 
Risk of uterine rupture and adverse perinatal outcome at term after cesarean 
delivery. Obstet Gynecol 2007;110:801-7.

54. Guise JM, McDonagh MS, Hashima J, et al. Vaginal birth after cesarean (VBAC). 
Evid Rep Technol Assess (Summ) 2003;(71):1-8.

55. Cowan RK, Kinch RA, Ellis B, et al. Trial of labor following cesarean delivery. 
Obstet Gynecol 1994;83:933-6.

56. Flamm BL, Lim OW, Jones C, et al. Vaginal birth after cesarean section: results of 
a multicenter study. Am J Obstet Gynecol 1998;158:1079-84.

Aku
sh

er
-L

ib.
ru



Maternal Morbidity and Mortality 309

57. Hibbard JU, Gilbert S, Landon MB, et al. Trial of labor or repeat cesarean delivery 
in women with morbid obesity and previous cesarean delivery. Obstet Gynecol 
2006;108:125-33.

58. Kugler E, Shoham-Vardi I, Burstein E, et al. The safety of a trial of labor after 
cesarean section in a grandmultiparous population. Arch Gynecol Obstet 2008; 
277:339-44.

59. Dumwald C, Mercer B. Vaginal birth after cesarean delivery: predicting success, 
risks of failure. J Matern Fetal Neonatal Med 2004;15:388-93.

60. Eglinton GS, Phelan JP, Yeh S, et al. Outcome of a trial of labor after prior 
cesarean delivery. J Reprod Med 1984;29:3-8.

61. Silver RM, Landon MB, Rouse DJ, et al. Maternal morbidity associated with 
multiple repeat cesarean deliveries. Obstet Gynecol 2006;107:1226-32.

62. Zelop CM, Harlow BL, Frigoletto FD Jr, et al. Emergency peripartum hysterec­
tomy. Am J Obstet Gynecol 1993;168:1443-8.

63. Juntunen K, Makarainen L, Kirkinen P. Outcome after a high number (4-10) of 
repeat cesarean sections. BJOG 2004;111:561-3.

64. Lynch CM, Kearney R, Turner MJ. Maternal morbidity after elective repeat 
cesarean section after two or more previous procedures. Eur J Obstet Gynecol 
Reprod Biol 2003;106:10-3.

65. Grobman WA, Lai Y, Landon MB, et al. Can a prediction model for vaginal birth 
after cesarean also predict the probability of morbidity related to a trial of labor? 
Am J Obstet Gynecol 2009;200:56,e1-6.

66. Healthy People 2010. Maternal, infant, and child health. Department of Health 
and Human Services. Available at: http://www.healthypeople.gov/2010/Data/ 
midcourse/html/focusareas/FA16ProgressHP.htm. Accessed November 9, 2010.

67. Healthy People 2020. Maternal, infant, and child health. Department of Health and 
Human Services. Available at: http://www.healthypeople.gov/HP2020/Objectives/ 
ViewObjective.aspx?ld = 161 &TopicArea=Maternal%2c+lnfant+and+Child+ 
Health&Objective=MICH+HP2020%e2%80%936&TopicAreald=32. Accessed 
November 9, 2010.

Aku
sh

er
-L

ib.
ru

http://www.healthypeople.gov/2010/Data/
http://www.healthypeople.gov/HP2020/Objectives/


Fetal and Neonatal
Morbidity and 
Mortality Following
Delivery After 
Previous Cesarean
Mitzi Donabel A. Go, md3, Cathy Emeis, phDb,
Jeanne-Marie Guise, md, MPHc'd'e, Robert L. Schelonka, md3'*

KEYWORDS

• VBAC • Pregnancy • Pregnancy complications
• Cesarean section • Evidence review

The effective and safe use of cesarean section for delivery has been a focus of national 
attention and concern for decades. This national introspection is justified, as today 
nearly one-third of all infants will be born by cesarean delivery, making it the most 
commonly performed major surgical procedure in the United States.1-3 There has 
been more than a sevenfold increase in cesarean deliveries in the United States, 
from 4.5% in 1965 to 32.5% in 2008.1,2 The increase in the rate of cesarean is 
complex, perpetuated by the dictum “once a cesarean, always a cesarean,”3 but 
also a result of changes in obstetric practices, including the introduction of electronic
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fetal monitoring, increasing numbers of multiple-gestation pregnancies, and the 
decrease in vaginal breech and forceps-assisted deliveries.4 Vaginal birth after 
caesarean (VBAC) emerged from the 1980 National Institutes of Health (NIH) 
Consensus Conference on Cesarean Childbirth as a mechanism to safely reduce 
this rate.5 However, since 1996, there has been a downward trend in trial of labor after 
cesarean (TOLAC) rates.6 Most women who have TOLAC will have a VBAC, and they 
and their infants will be healthy; however, a minority of women will suffer serious 
adverse consequences of both TOLAC and elective repeat cesarean delivery (ERCD).

Although both failed TOL and cesarean delivery are associated with maternal risks, 
trends of increasing cesarean deliveries are driven at least in part by fears of the 
perceived risk of VBAC to the fetus. The most concerning complication of TOLAC is 
maternal uterine rupture, which has been associated with fetal demise or substantial 
neonatal morbidity. It has been difficult to ascertain comparative risks and benefits of 
VBAC and ERCD to the fetus and neonate.4 This article examines data from a recent 
systematic evidence review on term deliveries conducted for the NIH Consensus 
Conference sponsored by the Agency for Healthcare Research and Quality (AHRQ) 
on VBAC,6 from a meta-analysis of associated perinatal outcomes,7 and subsequent 
publications that meet the same stringent quality review standards as the evidence 
reviews. We present a summary of fetal and neonatal outcomes (Table 1) emphasizing 
information that clinicians and patients need to make decisions regarding mode of 
delivery after prior cesarean and look for areas where future studies may provide 
important insights.

MORTALITY

The ability to provide accurate estimates of risk of death to the fetus in women 
contemplating a TOLAC versus ERCD is as important as providing patients with esti­
mates of the risk of maternal death. Understanding the risk of death to the fetus in 
pregnancy and birth, regardless of mode of delivery, requires examining perinatal 
mortality and its subsets of fetal and neonatal mortality.

Perinatal mortality, which includes fetal and neonatal death up to 28 days,8 is of 
paramount concern when considering the safety of VBAC and ERCD. Five cohort

Abbreviations: BMV, bag-and-mask ventilation; TOLAC, trial of labor after cesarean. 
a See text for details.

Table 1
Directionality of risk for neonatal outcomes associated with TOLAC

TOLAC Associated Riska
Mortality

Perinatal T
Neonatal t

Resuscitation
Mild/Moderate 1
BMV 1
Apgar, 5 minute <-»

Neonatal admission 7

Respiratory conditions
Transient tachypnea <-»

Hypoxic ischemic encephalopathy 7
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studies8-12 met study criteria established in the NIH/AHRQ systematic evidence 
review.7 All 5 studies focused exclusively on women delivering at term, thereby 
reducing the effect of prematurity, and excluded congenital or lethal anomalies to 
try to isolate the effect of chosen route of delivery on outcomes. Combined, there 
were 72 perinatal deaths out of 41,213 births in women having a TOLAC and 
46 perinatal deaths out of 35,686 births for women undergoing an ERCD. The 
combined perinatal mortality rate (PMR) for women undergoing a TOLAC was 1.3 
per 1000 (95% confidence interval [Cl]: 0.6 to 3.0 per 1000), and the combined 
PMR for ERCD was 0.5 per 1000 (95% Cl: 0.07 to 3.8 per 1000).9 The risk of perinatal 
mortality was significantly higher for TOLAC as compared with ERCD (relative risk [RR] 
1.82; 95% Cl: 1.24 to 2.67; P = .041). It is unclear whether the increased risk of peri­
natal mortality in women undergoing a TOLAC among all studies was associated with 
the mode of delivery, the degree of labor exposure, or if underlying maternal medical 
complications influenced this rate. One study by Spong and colleagues12 examined 
the influence of labor and underlying maternal medical complications on perinatal 
mortality, and found that the rate was higher for women with indications for cesarean, 
with or without labor, than those without indications. Although this study was obser­
vational, maternal indications for cesarean should be a risk considered in future 
clinical studies evaluating perinatal outcomes.

To further characterize perinatal mortality, it is important to identify the contribution 
of neonatal demise. Neonatal mortality is defined as death in the first 28 days of 
age.11,13 For this outcome, 6 cohort studies8'11'12,14-16 were identified that met study 
criteria established in the NIH systematic evidence review. We are aware of a large, 
population-based, birth certificate study by Menacker and colleagues17 published 
after the review, but this study did not meet inclusion criteria, as there was no descrip­
tion of whether or how infants with congenital anomalies were excluded from the study 
population. The 6 selected studies represented a wide range of hospital settings and 
were limited to term infants. There were 51 neonatal deaths in a total of 44,485 
subjects, for a combined neonatal mortality rate (NMR) of 1.1 per 1000 (95% Cl: 
0.6 to 2 per 1000) for women who underwent a TOL. A total of 40 neonatal deaths 
occurred in 63,843 women who had a repeat cesarean for a combined NMR of 
0.6 per 1000 (95% Cl: 0.2 to1.5 per 1000).7 The risk of neonatal mortality was signif­
icantly higher for TOLAC compared with the ERCD group (RR 2.06, 95% Cl: 1.35 to 
3.13, P = .001 ).7 A subanalysis of 2 studies1214 found that women with high-risk 
conditions14 and women with indications for a repeat cesarean delivery (RCD) appear 
to have higher rates of neonatal mortality regardless of route of delivery.12

Although the current data on perinatal mortality for TOLAC/VBAC is imperfect and 
often does not account for certain maternal high-risk conditions, the PMR after TOLAC 
is higher than ERCD. Comparing the relative rates, neonatal mortality appears to be 
responsible for 85% of all perinatal deaths. Further characterization of maternal risk 
factors for neonatal death after TOLAC is critically important in antenatal counseling 
for optimal mode of delivery.

MORBIDITY
Need for Resuscitation

A newborn’s first indication of well-being relies on his or her ability to transition at the 
time of delivery. Thus, the need for positive-pressure ventilation (or bag-and-mask 
ventilation) and the Apgar scores have often been used as surrogate outcome 
measures of perinatal morbidity. Three studies15,18'19 compared the frequency of 
bag-and-mask ventilation (BMV) in the neonate when women underwent TOLAC
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compared with ERCD. In the study by Kamath and colleagues,19 neonates delivered 
by ERCD appear to need more “mild-to-moderate” resuscitation efforts (41.5% with 
ERCD vs 23.2% with VBAC, P<.01), whereas those delivered by cesarean after an 
unsuccessful VBAC attempt were more likely to need BMV and intubation in the 
delivery room. The overall number of neonates delivering by TOLAC who needed 
BMV was 54 per 1000 (95% Cl: 35 to 76 per 1000) compared with 25 per 1000 
(95% Cl: 16 to 36 per 1000) for elective repeat cesarean delivery. Pooled risk differ­
ence for the need of BMV found 28 additional cases after TOL for every 1000 neonates 
delivered (95% Cl: 7.19 to 49.89 per 1000), but these pooled data contain subtle differ­
ences between studies that may influence this type of summary evaluation. One study 
categorized neonates by indication for cesarean delivery or exposure to labor, 
whereas the others grouped by planned route of delivery.

Apgar scores were originally intended to provide a description of the newborn’s 
physical condition and enable comparison of obstetric practice, maternal analgesia, 
and resuscitative efforts.20,21 For decades, the relationship between Apgar scores 
and early childhood outcomes has been the subject of deep interest. Studies have 
previously demonstrated a predictive relationship between the Apgar scores and 
neonatal mortality2122 but present recommendations in newborn resuscitation 
suggest that resuscitation techniques and/or obstetric surveillance during labor 
have changed the relationship between Apgar scores and mortality and/or 
morbidity.23 Both the American Academy of Pediatrics (AAP) and the American 
College of Obstetricians and Gynecologists have cautioned against the prediction of 
later neurologic dysfunction solely on the basis of low Apgar scores at 5 minutes, 
as these have greater prognostic value when combined with peripartum complica­
tions, fetal acidemia, and signs of neonatal encephalopathy.24 Nevertheless, 4 cohort 
studies10,11,15,18 reported no significant difference in 5-minute Apgar scores between 
TOLAC and ERCD.

Neonatal Intensive Care Unit Admission

Admission to the neonatal intensive care unit (NICU) is a frequently measured short­
term outcome used as a proxy for serious morbidity. However, the significance of 
admission can vary by hospital setting, provider experience, provider availability, 
and preestablished admission criteria.6 Six fair or good-quality cohort studies 
measured NICU admission,10,15,18,19,25,26 but none of the studies defined the NICU 
admission criteria despite the existence of an AAP policy statement on levels of 
care,27 and no summary estimate is available because of this. However, in a study 
of good quality, Hook and colleagues15 found significantly more neonates admitted 
to the NICU if they were born by RCD following a TOLAC compared with those born 
by VBAC (7% vs 2%, P<.007). Similarly, Kamath and colleagues19 found that RCD 
after TOLAC increased the likelihood of NICU admission (odds ratio [OR] 2.26; 95% 
Cl: 0.85 to 6.0, P = .10) but that the greatest likelihood of admission was for term 
infants who did not experience labor and were born by ERCD (OR 2.93; 95% Cl: 
1.28 to 6.72, P = .011). Further, they also analyzed length of stay and found neonates 
born by VBAC stayed 3 days on average compared with 4 days for ERCD (with and 
without labor) and RCD after TOLAC (P<.001).19

Respiratory Morbidity

Respiratory morbidity after cesarean delivery is well recognized28-30 and severe respi­
ratory failure including persistent pulmonary hypertension leading to extracorporeal 
membrane oxygenation after elective repeat cesarean section has been called 
an obstetric hazard31 and a potentially preventable condition.32 As there are
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no randomized controlled trials of “head-to-head” comparisons of ERCD and VBAC, 
we evaluated 6 cohort studies that included term infants, examining an array of respi­
ratory conditions in the newborn after maternal TOLAC compared with 
ERCD.10'11’15’18’19'26 The most common adverse respiratory outcome for term infants 
is transient tachypnea of the newborn (TTN). We found 3 studies that reported rates of 
-|-j-Nio,15,18 but pQO|ecj absolute risk (AR) in the TOLAC group was not significantly 
different than in the ERCD group (AR = 3.6%, 95% Cl: 0.9% to 8.0% vs AR = 
4.2%, 95% Cl: 1.9% to 7.3%, respectively).7 Hook and colleagues15 and Richardson 
and colleagues10 found greater TTN in the ERCS, whereas Fisler and colleagues18 
found the opposite. Although not evaluating TTN specifically, Kamath and 
colleagues19 noted that neonates born by intended cesarean delivery have an 
increased oxygen requirement after NICU admission when compared with those 
born by intended VBAC (5.8% vs 2.4%; P<.028). However, these investigators also 
found that those born by failed VBAC required the greatest amount of support. The 
comparison of studies is challenged by (1) lack of standardized or mutual agreement 
on definitions of respiratory conditions, (2) differences in birth settings, and (3) differ­
ences in experience and skill level of available providers and staff. In addition, there 
was significant heterogeneity of the results between studies, so these data should 
be interpreted cautiously. Based on the current body of evidence, it is unclear if 
TOLAC is associated with increased or decreased risk of neonatal respiratory 
morbidity. This is surprising because of the risk reduction of TTN in planned vaginal 
delivery versus elective cesarean section cited in literature among women without 
prior cesarean delivery.7,12’14 At present, there are insufficient data comparing risks 
of respiratory morbidities with TOLAC versus ERCD to be useful when counseling 
on mode of delivery.

Perinatal Brain Injury: Hypoxic Ischemic Encephalopathy

One important complication of TOLAC is uterine rupture, which is potentially life 
threatening to the maternal-fetal dyad, and can result in a hypoxic-ischemic injury 
to the fetus. Such injury to the brain, usually manifesting as hypoxic-ischemic enceph­
alopathy (HIE) has been variably described in the reviewed literature.7,11'12 These 
descriptions attempt to link a hypoxic event during birth to intermediate (ie, neonatal 
encephalopathy) and/or long-term (ie, cerebral palsy, neurodevelopmental delay) 
neonatal outcomes. However, the challenge comes when there is lack of agreement 
regarding definition, timing, and severity of such an outcome. None of the available 
studies10’14'18,33 provided objective criteria for diagnosis of HIE. Landon and 
colleagues33 demonstrated an increased incidence of uterine rupture during attemp­
ted VBAC compared with ERCD (0.7% vs 0%; Pc.001) with an associated increase in 
the incidence of HIE (0.08% vs 0%; P<.001) and odds ratio of 2.90 (1.74 to 4.81). 
However, the AR of HIE were small. Importantly, adverse perinatal outcomes such 
as HIE occurred in women without uterine rupture in half of the cases. However, the 
number of prior cesarean deliveries does not appear to affect the rate of HIE. Landon 
and colleagues,25 in a subsequent analysis of their dataset, did not find the frequency 
of HIE to be significantly different in term women with one prior cesarean delivery 
compared with those with multiple prior cesarean deliveries (0.1% compared with 
0%, P>.999) or when comparing TOLAC and ERCD in women with multiple prior 
cesarean deliveries.

Surrogate measures for HIE have been evaluated. Gregory and colleagues14 used 
the category “hypoxia” (represented by multiple International Classification of 
Diseases, 9th Revision, Clinical Modification codes) and found nearly a sevenfold 
increase in rate from an overall rate of 1.5 per 1000 with cesarean deliveries versus
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10 per 1000 in VBAC deliveries; however, the investigators offered no statistical 
comparisons of these data. Richardson and colleagues10 did not examine HIE 
specifically, but reported a surrogate marker, umbilical cord pH. This study found 
a slight decrease, which was not clinically meaningful, in the mean cord pH of women 
undergoing a TOLAC versus women who had an ERCD with no labor (7.24 ± 0.07 vs 
7.27 ± 0.05, P<.001). There were no significant differences in infants with umbilical 
artery pH of less than 7.00 in the 2 groups (TOLAC: 0.5 % vs ERCD without labor: 
0.1 %, P = NS).

We wanted to review the effect of VBAC versus ERCD on later neurodevelopmental 
outcomes, but we could find no studies evaluating this to date. To examine neurologic 
development of the infant and child, studies that extend beyond the immediate post­
partum period would be required.

Neonatal Sepsis

One of the common indications for admission to the NICU is a concern for neonatal 
sepsis. Prolonged rupture of membranes and intra-amniotic infection are likely greater 
in TOLAC versus ERCD and therefore may be associated with more NICU admissions 
for neonatal sepsis. There is a modest body of evidence examining this outcome. 
Three studies attempted to measure the frequency of sepsis after TOLAC and 
ERCD,15'18’26 but none had a definition for this measure. The only study to measure 
“proven sepsis” (confirmed by a positive blood culture) found no statistically signifi­
cant differences between VBAC neonates (3 neonates [2%]) and those born by 
cesarean delivery after TOL (1 neonate [0.3%], P = .096).34

Areas for Future Research

As there are no extant randomized controlled trials comparing VBAC and ERCD, we 
must rely on existing observational studies, which may not have sufficient power to 
detect rare but important neonatal outcome measures. Further, indirect and imprecise 
measurement of outcomes makes it difficult to determine the portion of events directly 
attributable to route of delivery. However, with a growing body of literature focusing on 
term populations, an important potential confounding variable, prematurity, is elimi­
nated. This has allowed for comparisons among studies that were not possible before. 
Randomized trials of planned VBAC versus planned cesarean delivery would provide 
the most valid conclusions about the effects of these modes of delivery on maternal 
and neonatal outcomes; however, the sample size needed to detect differences in 
relatively rare neonatal outcomes would likely make these studies impractical.

Available evidence indicates that when compared with ERCD, TOLAC is associated 
with a small but increased risk for perinatal mortality. This risk must be balanced 
against any increased risk of maternal morbidity and mortality associated with 
ERCD (reviewed by Cheng and colleagues, elsewhere in this issue of Clinics in Perina­
tology. However, a priority for future studies should be to identify maternal conditions 
associated with fetal or neonatal demise. Additional studies are necessary to identify if 
TOLAC has more or less attendant risk for respiratory morbidity, and concomitant 
NICU admission, when compared with ERCD. Identifying rates of clearly defined 
respiratory morbidities should be a priority for research because of the relatively 
high frequency of these neonatal outcomes after TOLAC or ERCD. There is a need 
for studies that include a more precise description of NICU admission criteria, the 
reason for admission, and level of support provided to the infant. Deficiencies in the 
available literature include important consequences of NICU admission, which include 
separation from mother, interruption or inhibition of breastfeeding, parental anxiety, 
and stress and cost. The impact on breastfeeding continuation at 4 weeks was
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highlighted by a recent study showing that mothers of term NICU-admitted infants 
were less likely to continue breastfeeding than mothers of nonadmitted infants even 
after adjusting for the confounding variables of race, maternal age, maternal educa­
tion, mode of delivery, and Medicaid status.35 Some of the adverse consequences 
of NICU admission may be ameliorated in nurseries with single family room patient 
care spaces36,37; however, NICU admission remains an important outcome measure 
when considering VBAC versus ERCD and should be explored further.

There is a gap in the assessment of infant and childhood neurodevelopmental 
outcomes after TOLAC, and future studies comparing modes of delivery would 
need to extend beyond the immediate postpartum period to be able to evaluate this 
very important outcome.

SUMMARY

One and a half million women have cesarean deliveries in the United States each year, 
representing about a third of all births. The cost of these cesarean deliveries amounts 
to about $7.8 billion annually, almost half of the childbirth-related hospitalization 
expenses.2 The appropriate and safe use of cesarean and VBAC, therefore, is not 
only an individual patient and provider level concern but also one of national impor­
tance. The burgeoning number of primary cesarean deliveries only amplifies the diffi­
cult decisions that must be made with mode of delivery planning for subsequent 
pregnancies.

Although randomized controlled trials comparing TOLAC and ERCD are lacking, 
observational studies indicate an increased risk of perinatal and neonatal mortality 
and one large, cohort study shows a small but increased risk of hypoxic-ischemic 
injury to the brain with TOLAC deliveries. Further characterization of TOLAC- 
associated catastrophic outcomes such as perinatal mortality and neurodevelopmen­
tal disability is needed. Elucidation of TOLAC and ERCD-related short-term outcomes 
such as NICU admission and respiratory morbidity are necessary to guide providers 
and patients in choosing optimal methods of delivery.
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Cesarean Versus
Vaginal Delivery: 
Long-term Infant 
Outcomes and the 
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The journey of a thousand miles begins with one step.
Lao Tsu

In the United States, the rate of cesarean delivery (CD) has increased up to 48% since 
1996, reaching a level of 31.8% in 2007.1 This trend is reflected in many parts of the 
world, with the most populous country in the world, China, approaching 50%2 and 
some private clinics in Brazil approaching 80%.3 Although a significant number of 
CDs are preformed for obstetric indications, some are simply because of maternal 
request and may incur several risks for the child. Well known among these risks are 
neonatal depression due to general anesthesia, fetal injury during hysterotomy and/ 
or delivery, increased likelihood of respiratory distress even at term, and breastfeeding 
complications. Concurrent with the trend of increasing CD numbers, there has been an 
epidemic of both autoimmune diseases, such as type 1 diabetes, Crohn disease, and 
multiple sclerosis, and allergic diseases, such as asthma, allergic rhinitis, and atopic 
dermatitis.4,5 The occurrence of these diseases is higher in more affluent, Western, 
industrialized countries. Several theories have emerged suggesting that environmental 
influences are contributing to this phenomenon. Most notably, the hygiene hypothesis
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suggests that an overly clean environment, especially in early childhood, may 
contribute to the development of several childhood diseases. The hypothesis was first 
proposed by Strachan,6 who observed an inverse correlation between hay fever and the 
number of older siblings. This report was subsequently extended by others, from the 
allergies to autoimmune diseases such as type 1 diabetes.5 Whether the increase in 
CD incidence is also causally related is addressed in this review.

The interplay between the emerging microbial ecology of the gastrointestinal tract 
and the developing mucosal immune system serves as a backdrop for a relationship 
between CD and the emergence of some of these diseases. With the highly immuno­
reactive intestine serving as the largest surface area of the body that is exposed to the 
environment, especially a vast array of luminal microbes and antigens, it is intriguing to 
speculate that the intestinal environmental interaction during early development of the 
immune system may relate to these diseases. One intriguing component of this spec­
ulation relates to the early development of the intestinal microbiota, the developing 
immune system, and the early influence of cesarean versus vaginal delivery (VD) on 
these phenomena. The immune system undergoes major development during infancy, 
and the development is highly related to the microbes that, colonize the intestinal 
tract.7-9 It has been suggested that different initial exposures depend on mode of 
delivery (VD vs CD). The microbes that seed the intestine during either CD or VD 
may lead to changes in long-term colonization and subsequent altering of immune 
development (Fig. 1). This article provides background about the human microbiota 
and its relationship to the developing immune system as well as the relationship of 
mode of delivery on the colonization of the infant intestine, development of the immune 
system, and subsequent childhood allergies, asthma, and autoimmune diseases.

THE HUMAN MICROBIOTA

The human body, consisting of about 100 trillion cells, carries about 10 times as many 
microorganisms in the intestines.10-12 It is estimated that the gut flora have around 
100 times as many genes in aggregate as there are in the human genome.13 The

Exposure
to
Vaginal 
Microflora

Normal 
microbial 
“seeding" 
of Gl tract

Normal 
development 
of immunity

Lack of Abnormal
Exposure I • k microbial “seeding'Abnormal 
to oj Q| tract development of
Vaginal immunity
Microflora

Fig. 1. (A) VD picture. (Obtained from website Available at: http://wisewomanchildbirth. 
blogspot.com/2009_01_01_archive.htm. Accessed February, 2011.) (B) CD picture. (Obtained 
from website Available at: http://makeupandbeauty.com/wp-content/uploads/2010/06/ 
Cesarean-delivery.png. Accessed February, 2011.) Gl, gastrointestinal.
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metabolic activities performed by these bacteria resemble those of an organ, leading 
some to liken gut bacteria to a “forgotten” organ.12 Microorganisms perform a host of 
useful functions, such as fermenting unused energy substrates, training the immune 
system, preventing growth of harmful pathogenic bacteria, regulating the develop­
ment of the gut, and producing vitamins for the host (such as biotin and vitamin 
K).14 Excitement about the potential of harnessing the intestinal microbiota for thera­
peutic purposes and health is reflected by the popularity of probiotics and prebiotics 
and by even such seemingly esoteric therapies as human fecal transplant.15

Not all the microbial species in the gut have been identified because most cannot 
be cultured,10 and identification is difficult. An effort to better describe the microflora 
of the gut and other body locations using newly developed non-culture-based 
technologies16 has been initiated and termed the Human Microbiome Project.17 This 
project has a mission of generating resources enabling comprehensive characteriza­
tion of the human microbiota and analysis of its role in human health and disease. 
Although the human intestine is the site where most studies are being focused, other 
sites such as the skin, bladder, mouth, and vagina harbor distinct microbial popula­
tions and are also likely to play major roles in health and disease.16

INTESTINAL MICROECOLOGY OF THE FETUS AND NEWBORN

Most current literature suggests that the gastrointestinal tract of a normal fetus is 
sterile. During birth and rapidly thereafter, bacteria from the mother and the surround­
ing environment colonize the infant’s gut. It is obvious that exposure at birth would 
differ by mode of delivery. The long-term sequelae or impact of this difference in expo­
sure on the child has yet to be determined.

Some recent research work suggests that colonization may begin even earlier. 
Although the paradigm has been that babies’ intestines are sterile until birth, a recent 
work found a microbial community already dwelling in the meconium of some babies 
born prematurely.18 It has also been shown that the amniotic fluid of mothers with 
preterm labor contains a large and diverse spectrum of bacterial ribosomal DNA.19 
While a baby is in utero, it typically swallows 400 to 500 mL of amniotic fluid per 
day at term, and the hypothesis that intra-amniotic infection is the driving force behind 
preterm labor is being widely studied in obstetrics.20 Whether the microbes or micro­
bial components swallowed in the amniotic fluid stimulate an inflammatory response 
resulting in preterm birth remains to be evaluated. The effect these organisms have on 
the developing immune system, aside from their role in preterm labor, also raises inter­
esting questions.

Currently, very few studies have investigated the development of the human micro­
biota after birth using non-culture-based techniques. In a step toward greater system­
atic investigation of babies born at term, Palmer and colleagues21 evaluated the 
developing microbiota of infants during the first year after birth using microarray tech­
niques to detect and quantify the small subunit ribosomal RNA (rRNA) gene sequences 
of most currently recognized species and taxonomic groups of bacteria; this was per­
formed along with sequencing of cloned libraries of polymerase chain reaction (PCR)- 
amplified small subunit ribosomal DNA to profile the microbial communities in 14 
healthy full-term infants during the first year after birth. To investigate possible origins 
of the infant microbiota, the researchers also profiled vaginal and milk samples from 
most of the mothers as well as stool samples from all of the mothers, most of the fathers, 
and 2 siblings. The investigators found that the composition and temporal patterns of 
the microbial communities varied widely from baby to baby, but the distinct features 
of each baby’s microbial community were recognizable for intervals of weeks to
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months. The strikingly parallel temporal patterns from a set of dizygotic twins suggested 
that incidental environmental exposures play a major role in determining the distinctive 
characteristics of the microbial community in each baby. By the end of the first year of 
life, microbial ecosystems in each baby, although still distinct, had converged toward 
a profile characteristic of the adult gastrointestinal tract. Of interest, bifidobacteria 
were not found in the infants studied using the aforementioned techniques. This finding 
could be highly significant in that it may debunk the large amount of attention this 
microbe has received as a potentially important microbe that may be harnessed as 
a probiotic. On the other hand, the finding could be the result of a technical problem 
that still needs to be solved using newly developed methodologies.

Although a few studies have monitored the bacterial communities in preterm infants, 
the picture of the intestinal microbiota still remains limited. To determine whether non­
cultured bacteria represent an important part of the community in premature babies’ 
intestinal ecosystems, Magne and colleagues22 used 16S rRNA genes and PCR- 
based electrophoretic profiling of 288 clones obtained from the fecal samples of 
16 preterm infants. These clones were classified into 25 molecular species. The 
mean number of molecular species per infant was 3.25, ranging from 1 to 8. The 
researchers found high interindividual variability. The main bacterial groups encoun­
tered belonged to the Enterobacteriaceae family and the genera Enterococcus, Strep­
tococcus, and Staphylococcus. Seven preterm infants were colonized by anaerobes 
and only four by bifidobacteria (again seeming to minimize these taxa during develop­
ment). The researchers did not determine the relative effects of delivery mode, sex, 
gestational age, birth weight, age at sampling, feeding modes, and antibiotic thera­
pies. They concluded that species diversity was low and interindividual variability 
was high in the feces of preterm infants, as revealed by sequences of 16S rRNA genes 
and PCR-temporal temperature gradient gel electrophoresis profiles. The intestinal 
ecosystem of these preterm infants had no typical characteristic.

In summary, whether the fetal intestinal ecosystem is sterile at the time of birth 
remains a question. This paradigm may be the case in some infants, but not neces­
sarily in others, especially preterm infants, may in turn play a role in the initiation of 
preterm labor. Nevertheless, the species diversity does seem to be low in most infants 
shortly after birth, but this diversity increases with environmental exposure. At present, 
very little is known about the specific emergence of the microbial community of infants 
during the first year after birth and how this emergence specifically relates to develop­
ment of immunity and subsequent health and disease.

FUNCTIONS OF THE INTESTINAL MICROBIOTA

A comprehensive review of the functions of the intestinal microbiota is beyond the 
scope of this review, but the article focuses on their immunologic functions because 
of their importance in development of the immune system and on the possible path­
ogenesis of several known allergic and autoimmune diseases. Intestinal bacteria are 
key to promoting the early development of the gut’s mucosal immune system, both 
in terms of its physical components and function, and continue to play a role later in 
life in the system’s operation. The bacteria stimulate the lymphoid tissue associated 
with the gut mucosa to produce antibodies to pathogens. The immune system recog­
nizes and fights harmful bacteria but leaves the helpful species, a tolerance developed 
in infancy and sometimes termed the “old friends” hypothesis (Fig. 2).23 This hypoth­
esis seems to be a synthesis of the hygiene hypothesis, which proposes that these 
microorganisms that have evolved with humans play an essential role in the establish­
ment of the immune system wherein the microorganisms and the host have evolved
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Dendritic Cell

“Old Friends"

| Inflammatory Response 

to “old Friends”

| Awareness of Self

Fig. 2. CTLA-4, cytotoxic T-lymphocyte antigen 4; IL-10, interleukin 10; TGF-J3, transforming 
growth factor p; Treg, Regulatory T.

a codependence: the most relevant organisms are those that coevolved with 
mammals. These microorganisms interact with other modern lifestyle and environ­
mental changes, such as inappropriate diet, obesity, psychological stress, vitamin D 
deficiency, pollution (dioxins), and perhaps even CD, leading to enhanced inflamma­
tory responses. The range of chronic inflammatory disorders that can affect the child is 
potentially larger than usually assumed, including allergies, autoimmunity, inflamma­
tory bowel disease, vascular disease, some cancers, depression/anxiety, as well as 
perhaps neurodegenerative disorders and type 2 diabetes.

Basic laboratory-based research is supplementing the epidemiologic studies. 
Recent findings have shown that gut bacteria play a role in the expression of toll­
like receptors (TLRs) in the intestines. TLRs are 1 of the 2 classes of pattern recogni­
tion receptors (PRRs) that provide the intestine the ability to discriminate between 
pathogenic and commensal bacteria. These PRRs identify the pathogens that have 
crossed the mucosal barrier and trigger a set of responses that act against the path­
ogen, involving 3 main immunosensory cells: surface enterocytes, M cells, and 
dendritic cells.24 The other class of PRRs is known as the nucleotide-binding oligo­
merization domain/caspase recruitment domain isoforms, which are cytoplasmic 
proteins that recognize endogenous or microbial molecules or stress responses and 
form oligomers that activate inflammatory caspases. This reaction results in the 
cleavage and activation of important inflammatory cytokines and/or activates the 
NF-kB signaling pathway to induce the production of inflammatory molecules.24

Aku
sh

er
-L

ib.
ru



326 Neu & Rushing

Bacteria can influence the phenomenon known as oral tolerance, in which the 
immune system is less sensitive to an antigen (including those produced by gut 
bacteria) once it has been ingested. This tolerance, mediated in part by the gastroin­
testinal immune system and liver, can reduce overreactive immune responses such as 
those found in allergies and autoimmune disease.25

There are several antenatal and perinatal events that might also affect the develop­
ment of the intestinal microbiota. Therapy with broad-spectrum antibiotics is a common 
practice for mothers who go into premature labor or who have a CD. This treatment can 
reduce the biodiversity of the fecal microbiota and may be a factor in the cause of 
necrotizing enterocolitis.26,27 Studies in mice show that intestinal commensal micro­
biota have an influence on early postnatal immune development via interactions with 
intestinal TLRs, which in turn are likely to influence the development of the mucosal 
immune system and mucosa-related diseases.28 Other studies suggest that specific 
microbes may induce regulatory T (Treg) cell development. For example, a prominent 
human commensal, Bacteroides fragilis, directs the development of Foxp3(+) Treg cells 
with a unique inducible genetic signature.29 Monocolonization of germ-free animals 
with B fragilis increases the suppressive capacity of Treg cells and induces antiinflam­
matory cytokine production exclusively from Foxp3(+) T cells in the gut. This effect 
seems to be mediated by an immunomodulatory molecule, polysaccharide A (PSA), 
of B fragilis, which mediates the conversion of CD4+ T cells into Foxp3(+) Treg cells 
that produce interleukin 10 during commensal colonization. Functional Foxp3(+) Treg 
cells are also produced by PSA during intestinal inflammation, and TLR2 signaling is 
required for both Treg cell induction and interleukin 10 expression. These studies also 
show that PSA has the ability to not only prevent but also cure experimental colitis in 
animals and therefore, demonstrate that the B fragilis Treg cell lineage differentiation 
pathway in the gut actively induces mucosal tolerance.29

VD VERSUS CD

During VD, the contact with the maternal vaginal and intestinal flora is an important 
source for the start of the infant’s colonization. During CD, this direct contact is 
absent, and non-maternally derived environmental bacteria play an important role in 
the intestinal colonization of infants.30 Some investigators have suggested that the 
composition of the very first human microbiota could have long-lasting effects on 
the intestine in breast-fed infants. For example, Gronlund and colleagues31 showed 
that the primary gut flora in infants born by CD may be disturbed for up to 6 months 
after birth. Another study using culture-based techniques showed that the mode of 
delivery was associated with differences in intestinal microbes 7 years after delivery.32 
The clinical relevance of these changes is unknown, and even longer follow-up periods 
are needed to establish how long these alterations of the primary gut flora can last.

Nevertheless, there is accumulating evidence that intestinal bacteria play an impor­
tant role in the postnatal development of the immune system.33 Thus, if the intestinal 
flora develops differently depending on the mode of delivery, the postnatal development 
of the immune system might also be different. Available epidemiologic data show that 
atopic diseases occur more often in infants after CD than after VD.34-37 The composition 
of enteric microbiota in early days of life seems, therefore, to be a very important factor 
for achieving and maintaining good health in the years to come. It is fundamental to iden­
tify more thoroughly the intestinal ecosystem of the newborn.

Although there is an increasing body of evidence that the intestinal microbiota play 
an essential role in the postnatal development of the immune system, the mechanisms 
remain poorly understood. Malamitsi-Puchner and colleagues38 found that only VD
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promotes the production of various cytokines implicated in neonatal immunity. 
Hallstrom and colleagues39 found a link between CD, disturbed intestinal colonization, 
and, possibly, occurrence of necrotizing enterocolitis in preterm infants. Although the 
epidemiologic studies demonstrated that elective CD provides an increased risk for 
allergic diseases in later childhood, confounding factors could also play intermediate 
roles. Data available from several studies indicate a delayed onset of lactation with 
CD.40.41 Thus, many infants born by CD also lacked the early support of breast milk 
as stimulator for a physiologic intestinal flora. Both the nonphysiologic start of coloni­
zation and the missing early dietary support by delayed start of lactation might result in 
these long-lasting effects.

Babies are born with immunologic tolerance that is instructed by the mother by pref­
erential induction of Treg lymphocytes,42 which might allow the baby to become colo­
nized by this first inoculum. The mechanism is via substantial numbers of maternal 
cells crossing the placenta to reside in fetal lymph nodes, inducing the development 
of CD4+CD25highFoxp3(+) Treg lymphocytes that suppress fetal antimaternal immu­
nity and persist at least until early adulthood. However, only a subset (if any) of the 
microbes to which the newborn is initially exposed will permanently colonize available 
niches and contribute to the distinctive microbiota harbored by the body habitats of 
adults.21 As more and more deliveries bypass the vagina, babies may not be exposed 
to these microbes at birth. Differences in delivery mode have been linked with differ­
ences in the intestinal microbiota of babies.30 31’43'44 Initial communities may serve as 
a direct source of protective or pathogenic bacteria very early in life.

Another recent study45 offers a detailed look at the early stages of the body’s 
colonization by microbes. Babies born vaginally were colonized predominantly by 
Lactobacillus, whereas babies born by CD were colonized by a mixture of potentially 
pathogenic bacteria typically found on the skin and in hospitals, such as Staphylo­
coccus and Acinetobacter, suggesting babies born by CD were colonized with skin 
flora in lieu of traditionally vaginal type of bacterium.

The effect of delivery mode on the development of childhood disease has just 
recently begun to be explored (Table 1). The effect seems to be most robust in the

a Increase not appreciated for male fetuses. 
b Requiring hospitalization.

Data from Refs.46-47-50

Table 1
CD-associated childhood diseases

Disease
Odds Ratio (95% 
Confidence Interval) vs VD

Allergic Rhinitis
All CDs 1.37 (1.14-1.63)
Repeat CDs only 1.78 (1.34—2.37)

Asthma
All CDs 1.24 (1.01-1.53)
Female 1.53 (1.10-2.10)
Female & repeat CDa 1.83 (1.13-2.97)

Celiac disease 1.80 (1.13-2.88)
Diabetes mellitus (type 1) 1.19 (1.04-1.36)
Gastroenteritis13 1.31 (1.24-1.38)
Gastroenteritis and asthma 1.74 (1.36-2.23)

Aku
sh

er
-L

ib.
ru



328 Neu & Rushing

area of immune-mediated diseases. CD has been associated with a significant 
increased rate of asthma, especially in women, and allergic rhinitis, but not atopic 
dermatitis.46 This increase was even more apparent when accounting for the factors 
surrounding the CD. The risk of asthma was increased by 60% in women who under­
went a repeat CD without ruptured membranes versus those women with ruptured 
membranes and/or labor before CD.46

Children born by CD are also significantly more likely to experience celiac disease and 
to be hospitalized for gastroenteritis.47 No association has been found between CD and 
Crohn disease or ulcerative colitis. However, whereas preterm birth has been implicated 
in the development of inflammatory bowel disease, mode of delivery has not.48

Type 1 diabetes mellitus has been on the increase in the recent decades, mirroring 
the increase in CD.49 Meta-analysis found a 19% increase in type 1 diabetes mellitus 
in children born by CD when controlling for confounders such as gestational age, 
maternal age, and birth weight.50 A recent retrospective study of children in Scotland 
failed to show such an association.51 However, the Scotland study had a very small 
number of subjects (n = 361) compared with the meta-analysis (n = 9938), and the 
rate of CD was only 14% in the Scottish study (much less than the US average).

SUMMARY

Although CD is necessary in modern obstetrics, the procedure seems to shift a baby’s 
first bacterial community. A better understanding of this early colonization, which is 
also influenced by events such as breastfeeding, may lead to medical practices for 
establishing healthy bacterial colonization. The causal relationship between CD, the 
shift in microbiota, and many childhood diseases continues to be studied. However, 
there are several problems with the studies reviewed in this article.

It is impossible to lump CD into one category without delineating the indication for 
CD. A baby delivered after arrest at 8-cm dilation after a long labor would be exposed 
to a much different microbial environment than a baby born by CD for maternal 
request before rupture of membranes. It is naive to think that the fetus is only exposed 
to microbes as the head passes through the vaginal introitus onto the perineum and to 
ignore the constant exposure to vaginal flora after rupture of membranes. Sonntag and 
colleagues48 failed to show a relationship between mode of delivery and inflammatory 
bowel disease. However, the average age of a subject in this study was 42 years. Indi­
cation for CD in the late 1960, before the common use of external fetal monitoring, is 
strikingly different than modern obstetric indications. The intrapartum exposures of 
these subjects are most likely vastly different than a more contemporary cohort. 
Future studies must be more meticulous in categorizing CD to fully understand the 
effect of CD on colonization and childhood disease.

The role of antepartum and intrapartum antibiotics must also be accounted for in 
future studies. What effect, if any, these antibiotics have on the microbiota of the fetus 
and/or subsequent development of disease is unknown. Nearly 20% of women in the 
United States are colonized with group B streptococci and subsequently receive intra­
partum antibiotics. The standard of care also dictates that antibiotics be administered 
before CD and to mothers in preterm labor and/or with premature prolonged rupture of 
membranes. Given all these facts, the exposure to antenatal antibiotics is significant. 
Dominguez-Bello and colleagues45 noted a difference in fetal colonization based on 
mode of delivery. However, none of their patients who underwent VD received antibi­
otics and the CD cases received cephalosporin several hours before incision, which is 
not the recommended course in the United States. Whether this exposure accounts 
for the difference, or if fetuses who receive antibiotics per standard guidelines in the
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United States show a different colonization pattern, is an important research area to 
explore.

The link between mode of delivery and subsequent childhood pathology is impor­
tant. This link becomes even more important as maternal desire for primary CD is 
increasing and rates of vaginal birth after CD are declining in the United States. This 
new information about colonization differences with differing modes of delivery seems 
to be taking the hygiene hypothesis to an entirely new level.
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impact of, 304-305
placenta accreta in, 285-296

numbers of
uterine rupture risk and, 279
VBAC success and, 238

trial of labor after. See Trial of labor after cesarean delivery (TOLAC). 
vaginal birth after. See Vaginal birth after cesarean delivery (VBAC). 
versus vaginal delivery, outcomes of, 321-331

Childbirth Connection, Listening to Mothers survey of, 204
Computer decision aids, 252
Counseling

for placenta accreta, 291
for TOLAC, 252-255, 305

D

Death
maternal, in TOLAC, 302
perinatal, 312-313

Decision aids, 251-252
Delivery after previous cesarean

trial of labor for. See Trial of labor after cesarean delivery, 
vaginal birth after. See Vaginal birth after cesarean delivery.

Devascularization, uterine, for placenta accreta, 293
Documentation, for TOLAC, 222

E

Education, VBAC rate and, 183
Effacement, cervical, in uterine rupture, 267
Encephalopathy, hypoxic ischemic, 315-316
Endometritis, in TOLAC and VBAC, 303-304
Epidural anesthesia, uterine rupture with, 271
Ethical issues, informed consent and, 227-231
Ethnic factors, in VBAC rate, 183-184, 240
European Perinatal Health Report, VBAC statistics from, 187-189

F

Fetal heart rate status, uterine rupture and, 271-272
Fetus

microbiota of, 322-328
mortality and morbidity in, in VBAC, 311-319
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size of, uterine rupture risk and, 280
Foley catheter induction, uterine rupture risk in, 270
Forceps delivery, statistics on, 194
Framing, for counseling, 251
Friedman curve, for active management of labor, 257-258

H

Hemorrhage, in TOLAC and VBAC, 303
Hospital facilities, affecting TOLAC rate, 198-199
Human Microbiome Project, 323
Hygiene hypothesis, 321-331

delivery method and, 326-328
historical view of, 321-322
human microbiota in, 322-323
intestinal microecology and, 323-326

Hypoxic ischemic encephalopathy, 315-316
Hysterectomy

cesarean
for placenta accreta, 290-293
risk of, 303

multiple cesareans and, 304
Hysterotomy scar, uterine rupture and, 278-279

I

Immune system, development of, hygiene hypothesis and, 321-331 
Induction

uterine rupture risk in, 268-270, 280-281
VBAC success and, 235, 238, 268, 301

Infections
in TOLAC and VBAC, 303-304
neonatal, 316

Inflammatory response, delivery method and, 325-328
Informed consent, 221-223, 227-231, 305
Intensive care unit admission, 314
Interpregnancy interval, VBAC success and, 241
Intestinal microbiota, 322-326

L

Labor
after cesarean delivery. See Trial of labor after cesarean delivery (TOLAC). 
induction of

uterine rupture risk in, 268-270, 280-281
VBAC success and, 235, 238, 268, 301

Legal issues, 217-225
Liability

TOLAC and, 202-203
VBAC and, 217-225

Listening to Mothers survey, 204
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Live birth order, VBAC rate and, 184-185
Lower uterine segment thickness, in uterine rupture prediction, 281

M

Macrosomia, VBAC with, 239
Magnetic resonance imaging, for placenta accreta, 289
Malpractice

TOLAC and, 202-203
VBAC and, 217-225

Maternal-Fetal Medicine Units Cesarean Registry, 235, 266-267
Membrane sweeping induction, uterine rupture risk in, 270
Methotrexate, for placenta accreta, 293
Microbiota, intestinal, 322-326
Midwife-led care, for TOLAC, 248, 258
Morality, in medicine, 227-231
Mortality

maternal, 302
perinatal, 312-313

Multiple births, VBAC rate and, 184-185

N

National Institutes of Health, Consensus Development Conference of, on VBAC, 
193-194, 218

Neonates
microbiota of, 322-328
mortality and morbidity in, in VBAC, 311-319
sepsis in, 316

Nonmaleficence, 228

O

Obesity
uterine rupture risk and, 280
VBAC success and, 239-240

“Old friends” hypothesis, 324-325
Opinion leaders, affecting TOLAC rate, 195-198
Oral tolerance, microbiota and, 326
Oxytocin, 257, 269-271

P

Partogram, for active management of labor, 257-258
Pattern recognition receptors, microbiota and, 325
Placenta accreta, in multiple repeat cesareans, 285-296

definition of, 286
diagnosis of, 287-290
incidence of, 286-287
management of, 290-293
risk of, 304-305
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Placenta percreta, 288
Placenta previa 

placenta accreta development in, 286-287 
risk factors for, 304 
ultrasonography for, 287-288

Plurality, of gestations, VBAC rate and, 184-185 
Prematurity, VBAC success and, 240-241 
Prenatal care, beginning of, VBAC rate and, 185-186 
Prostaglandin induction, uterine rupture risk in, 269

R

Racial factors, in VBAC rate, 183-184
Regionalized care facilities, 223 
Reimbursement, for TOLAC, 199-202 
Respiratory morbidity, 314-315 
Resuscitation, need for, 313-314

s
Scar, hysterotomy, uterine rupture and, 278-279 
Sepsis, neonatal, 316
Standard Certificate of Live Birth, revised, 180 
Sutures, placenta accreta related to, 287

T

Team approach, to placenta accreta, 290-291
TOLAC. See Trial of labor after cesarean delivery (TOLAC). 
Toll-like receptors, microbiota and, 325
Transient tachypnea of the newborn, 315 
Trial of labor after cesarean delivery (TOLAC) 

complications of, 218 
contraindications to, 234 
counseling about, 252-255 
factors affecting, 193-216 
informed consent for, 227-231 
labor management during, 255-258 
legal perspective of, 217-225 
midwifery principles in, 247-263 
morbidity and mortality in, 297-309 
patient information on, 250-252 
place of birth for, 254-255 
statistics on, 265-266, 298 
success rate of, 233-245 
uterine rupture in. See Uterine rupture, 
versus elective cesarean delivery, 290-293, 311-319

U

Ultrasonography
for placenta accreta, 287-289
for uterine rupture prediction, 281
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Ureteric stents, for cesarean hysterectomy, 292
Uterine rupture, in TOLAC and VBAC, 265-275, 277-284, 302-303 

cervical factors in, 266-268 
clinical factors in, 279 
definition of, 277 
demographic factors in, 279-280 
epidural anesthesia and, 271 
fetal heart rate status and, 271-272 
guidelines for, 220 
intrapartum factors affecting, 265-275 
labor augmentation and, 270-271 
labor induction and, 268-270 
labor management procedures and, 280-281 
obstetric history and, 279-280 
prediction of, 257-258, 272, 281-282 
rate of, 218-219 
risk of, 254-255 
scar factors in, 278-279 
statistics on, 197 
warning signs for, 221

Vacuum extraction, statistics on, 194
Vaginal birth after cesarean delivery (VBAC)

algorithm for, 241
candidates for, 298-301
care provider types for, 248 
international statistics for, 187-189 
legal perspective of, 217-225 
morbidity and mortality in

fetal and neonatal, 311-319
maternal, 297-309

statistics on, 179-192, 217-218, 265-266, 298
success rate of, 233-245
uterine rupture in. See Uterine rupture.

Vaginal delivery, versus cesarean delivery, outcomes of, 321-331
VBAC. See Vaginal birth after cesarean delivery (VBAC).
Viability, ethical issues in, 229-230Aku
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