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Abstract
OBJECTIVE—To examine physician-documented indications for cesarean delivery in order to
investigate the specific indications contributing to this increase.

METHODS—We analyzed rates of primary and repeat cesarean delivery, including indications
for the procedure, among 32,443 live births at a major academic hospital between 2003–2009.
Time trends for each indication were modeled to estimate the absolute and cumulative annualized
relative risk of cesarean by indication over time and the relative contribution of each indication to
the overall increase in primary cesarean delivery rate.

RESULTS—The cesarean delivery rate increased from 26% to 36.5% between 2003 and 2009;
50.0% of the increase was attributable to an increase in primary cesarean delivery. Among the
documented indications, nonreassuring fetal status, arrest of dilation, multiple gestation, pre-
eclampsia, suspected macrosomia, and maternal request increased over time, while arrest of
descent, malpresentation, maternal-fetal indications, and other obstetric indications (eg, cord
prolapse, placenta previa) did not increase. The relative contributions of each indication to the
total increase in primary cesarean rate were: Non-reassuring fetal status (32%), labor arrest
disorders (18%), multiple gestation (16%), suspected macrosomia (10%), pre-eclampsia (10%),
maternal request (8%), maternal-fetal conditions (5%), and other obstetric conditions (1%).

CONCLUSION—Primary cesarean births accounted for 50% of the increasing cesarean rate.
Among primary cesareans, more subjective indications (nonreassuring fetal status and arrest of
dilation) contributed larger proportions than more objective indications (malpresentation,
maternal-fetal, and obstetric conditions).

INTRODUCTION
The cesarean delivery rate in the United States has steadily increased since 1996 when the
rate was 21%.1 In 2007, the rate was the highest ever recorded at 32%, representing 1.4
million births and a 53% increase since 1996, 1 This trend encompasses increases in the
cesarean rate for women of all ages, races, geographic areas, and gestational ages. Cesarean
rates for 2007 by state range from a low of 22.2% in Utah to a high of 38.3% in New Jersey.
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All states experienced increases in cesarean rates between 1996 and 2007, and six states
demonstrated increases of over 70%: Colorado, Connecticut, Florida, Nevada, Rhode Island,
and Washington.1

Many theories have been proffered to explain this trend including: a decrease in vaginal
births after cesarean (VBAC), an increase in cesareans performed for maternal request,
increased number of high-risk expectant mothers, the obstetrical medicolegal environment,
and changes in provider practice patterns.1, 2 Studies examining differences in medical risk
factors for expectant mothers, including obesity, have not concluded that changes in
maternal risk profile explain the rising cesarean rate.3–6 Maternal request for elective
cesarean also does not appear to account for the magnitude of the increased cesarean rate.7

Population studies largely rely on birth certificate or ICD-9 coding data,3, 7, 8 with neither
source yielding accurate information about indication for cesarean delivery.9,10 These
studies elucidate trends in repeat and primary cesarean rates, but are unable to differentiate
indications for cesarean from conditions simply present during the antenatal or intrapartum
period and thus are unable to accurately describe trends in specific indications, such as
cesarean for maternal request11, labor arrest disorders, or fetal status. The physician’s
rationale and documentation of indication for cesarean birth offers a unique and valuable
perspective that may elucidate underlying trends in the use of cesarean that other data
sources are unable to address. Studies examining physician-documented indications for
cesarean are lacking.

The overall cesarean rate at our institution increased drastically between 2000–2003 (Figure
1), prompting our department to prospectively collect detailed data on indication for every
cesarean performed starting in 2003. In this study, we examine physician-documented
indications for cesarean birth at a major urban academic medical center in Connecticut, a
state with one of the largest rate increases in the nation, to determine which specific
indications contributed to the rise in our cesarean delivery rate over a seven year period.

METHODS
From January 2003 through December 2009, data on all births occurring at Yale-New
Haven Hospital were collected, including type of delivery and, if cesarean, indication for the
procedure documented by the physician. Yale-New Haven Hospital is a tertiary-level
academic center serving a diverse urban and suburban population and is the predominant
referral center within a 50-mile radius. Community providers care for approximately two-
thirds of all patients; the remainder are the responsibility of the full-time faculty of Yale
School of Medicine.

Overall, primary, and repeat cesarean delivery rates and VBAC rates were calculated for
each year. Cesarean rates were calculated as number of cesarean births divided by total live
births.1 VBAC rate was defined as successful VBAC divided by the number of women who
underwent previous cesarean delivery.12 Rates for each indication were calculated annually
as the number of cesareans performed for each indication per 1,000 live births and, in the
case of primary cesarean, per 1000 women at risk for primary cesarean (with no history of
cesarean delivery).

Indications for cesarean delivery are recorded in the medical record, and/or the labor log and
subsequently by a departmental nurse administrator exactly as documented by the physician
in the medical record. The total number of live births, number of cesarean births (repeat and
primary), and number of vaginal births after cesarean (VBACs) have been recorded in this
way since 1996, and physician-documented indications for cesarean delivery have been
compiled since 2003. In order to validate that recorded indications were accurate and
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consistent with indications recorded in the medical record, the medical records for all births
occurring over three different periods corresponding to changes in personnel were compared
with labor log and administrator recorded count data. All three data periods were > 99%
consistent with the indication counts generated by medical record review. The Yale
University Human Investigation Committee approved this protocol.

In all three data sources, indications are specifically recorded, such as “VP shunt” or
“Crohn’s disease”. These indications occur with low frequency and in order to analyze them,
we combined indications into larger representative categories. The final categories included:
repeat cesarean, arrest of labor dilation or descent (including failed vacuum and failed
forceps), non-reassuring fetal heart tracing (NRFHT), multiple gestation, suspected
macrosomia, elective per maternal request, preeclampsia/eclampsia/HELLP,
malpresentation, maternal/fetal indications, and obstetric indications. Malpresentation
represents breech presentation, face presentation, transverse lie and unstable lie. Maternal
indications are defined as maternal conditions predating the pregnancy that could complicate
delivery (e.g. maternal cardiac disease, pseudotumor cerebri, maternal HIV). Fetal
indications encompass antenatal problems preceding the intrapartum period (e.g. fetal
anomalies and intra-uterine growth restriction (IUGR)). Obstetric indications are defined as
conditions brought about by the presence of the current intrauterine pregnancy (e.g.
placental abruption, accreta, and previa, cord prolapse). Preeclampsia, eclampsia, and
HELLP syndrome are represented in a distinct category due to their higher frequency.
Suspected macrosomia was defined by the provider based on either an ultrasound derived
estimated fetal weight or a clinical estimated fetal weight. During this time period, the
prevailing definition of macrosomia was greater than 5,000 grams for non-diabetics and
greater than 4,500 grams for diabetics, and at such thresholds cesarean was encouraged.
Cesarean was non-directively offered, though not necessarily encouraged, at thresholds of
4500 grams in non-diabetics and 4000 grams in diabetics, and in some circumstances even
lower thresholds were employed.

Cesarean delivery rates among university, high-risk, and private patients were also
compared. University patients are defined as those patients who received care from the
hospital service in which residents and faculty midwives provide care, supervised by
generalist obstetrician/gynecologists in the outpatient setting and by maternal-fetal medicine
specialists (acting as hospitalists) during labor and birth. High-risk patients are those patients
with high-risk conditions cared for by the same maternal-fetal medicine specialists. Private
patients are defined as having providers who practice in the community in a non-hospital-
owned practice setting; midwives and physicians in these practices are generalists. Of note,
these categories were defined by provider type rather than type of insurance coverage.

Trends in primary cesarean delivery rates were examined as the number of cesareans
performed for each indication with respect to the total number of women at risk for primary
cesarean delivery annually. Logistic regression modeling was used to estimate risk of
primary cesarean delivery over time and for each indication. The numbers of cesareans
performed for each indication each year were cumulatively modeled to estimate an odds
ratio and percent increase for each indication annually over the 7 year period. The
cumulative annualized relative increase from 2003 through 2009 was calculated by
compounding the mean annual rate increase over 7 years, thus representing the increased
risk of cesarean for pregnant women with no prior cesarean over this time period. Linear
regression was performed to estimate the slope of the trend over time within each category
and for primary cesareans overall; the relative contribution of each indication to the overall
increase in the primary cesarean delivery rate was calculated. This analysis was restricted to
the years of complete information on cesarean deliveries and medical indications, during the
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years 2003–2009. General cesarean delivery rates were calculated back to 1996 to provide
more historical data and comparisons. SAS 9.2 software was used for analysis.

RESULTS
From January 2003 to December 2009, a total of 32,443 live births occurred at Yale-New
Haven Hospital; 10,757 (33.3%) of those births were delivered by cesarean. Maternal
demographic and obstetric/fetal characteristics among all live births during the study period
are presented in Table 1. There were slight increases in Hispanic women and unmarried
women. Of note, the prevalence of advanced maternal age and birthweight ≥ 4500gm were
stable over time.

Trends in cesarean delivery were examined in relation to the total number of live births
during our study period and the seven years preceding this period (Figure 1). The overall
cesarean delivery rate increased both prior to (1996–2002) and during the study time period
(2003–2009). The average annual rate was 21.1% in 1996, 26.0% in 2003 and by 2009 was
36.5%, representing a total increase of 73.0%. Both primary and repeat cesarean delivery
rates increased throughout the time period. The repeat cesarean rate among all live births
was 6.7% in 1996, 9.8% in 2003, and in 2009 was 14.8%, representing an increase of
120.9%. Increasing repeat cesarean rates among parturients reflect the increasing numbers of
women presenting with previous cesarean as well as declining trial of labor rates among
women with a history of cesarean. After peaking at 43.9% in 1998, the VBAC rate
decreased dramatically between 2000 and 2002 and continued to decrease over the study
period (Figure 2). In 2003, the VBAC rate had declined to 17.8% and by 2009 was 7.8%.

The primary cesarean rate among all live births was 14.4% in 1996, 16.2% in 2003 and by
2009 had increased to 21.7%, an increase of 50.7%. From 2003 through 2009, the primary
cesarean delivery rate increased slightly less than the repeat cesarean delivery rate: 6.0% per
year (95% CI 4.5, 7.4) compared to 8.0% per year (95% CI 6.2, 9.8), respectively. However,
given the relative number of women in each group, 50.0% of the total increase in cesarean
deliveries from 2003 through 2009 was attributable to primary cesareans.

Differences in cesarean rates between patients managed by private, university, and high-risk
services were examined (Figure 3). The university rate remained consistently lower than the
private rate over the entire time period, and both rates remained substantially lower than the
high-risk rate. The overall cesarean rate for private patients over the studied time period
(2003–2009) was 33.2%, whereas the rate for university patients was 25.6%. The high-risk
cesarean rate was 44.6%. The mean annual percent increase for each group over 2003–2009
was as follows: private patients [7.6%/year (95% CI 6.0–9.1)], university patients [6.0% per
year (95% CI 3.3–8.9)] and high-risk patients [4.9%/year (95% CI 1.7–8.3)]. Of note, both
the university and high-risk service patients were supervised by the same maternal-fetal
medicine hospitalists on the labor and birth unit.

Given that primary cesarean deliveries accounted for 50% of the increase in cesarean
delivery rate from 2003 through 2009, we examined specific indications that contributed to
the rise in primary cesarean rate (Figures 4a and 4b). Over this period, the rate of primary
cesarean delivery among women with no history of cesarean birth rose from 18% to 25%.
For every 1000 eligible women, an additional 73.6 primary cesareans were performed in
2009 compared to 2003(Table 2). In absolute numbers over this time period, the majority of
primary cesareans among at risk parturients (total 232.0 per 1000 eligible women) are
attributable to labor arrest disorders (87.9 per 1000), non-reassuring fetal heart rate tracings
(55.0 per 1000), and malpresentation (35.4 per 1000). Among the documented indications
for cesarean delivery, non-reassuring fetal heart tracing, arrest of dilation, multiple gestation,
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pre-eclampsia, suspected macrosomia, and maternal request increased significantly (p <
0.05) over time, while arrest of descent, malpresentation, maternal-fetal indications, and
other obstetric indications (e.g. cord prolapse, placenta previa) did not increase significantly
(Table 2). Absolute differences between 2003 and 2009 illustrate the potential magnitude of
change for each indication and demonstrate that labor arrest disorders and non-reassuring
fetal heart rate tracings contribute large relative proportions to the total increase despite their
smaller annual percent increases over time. A graphical representation shows relative
contributions of each indication to the total increase in primary cesarean rate over time
(Figure 5). Non-reassuring fetal status contributed the most (32%) followed by arrest of
labor disorders (18%), multiple gestation (16%), suspected macrosomia (10%), pre-
eclampsia (10%), maternal request (8%), maternal-fetal conditions (5%), and obstetric
conditions (1%).

The arrest of labor category was divided into arrest of dilation and arrest of descent. The
number of cesareans performed for arrest of descent over time remained stable (95% CI, –
3.5, 3.6), ), whereas the number performed for arrest of dilation increased 3.9% per year
(95% CI, 1.4, 6.5)). Therefore, the increase in overall cesarean delivery rate due to arrest of
labor was attributable to arrest of dilation, rather than arrest of descent.

Indications exhibiting large annual percentage increases included maternal request,
suspected macrosomia, multiple gestation, and preeclampsia. Women’s cumulative
annualized risk for undergoing a primary cesarean delivery for these indications increased
significantly over this time period; however, absolute increases were small. The absolute
risks of cesarean delivery for the indications of arrest of dilation and non-reassuring fetal
heart tracings remained highest among all indications, and both also increased during the
study period.

DISCUSSION
Data from a major academic medical center in Connecticut using physician documented
indications reveals a rising cesarean delivery rate driven by increases in both repeat and
primary cesarean delivery. Among primary cesareans, more subjectively defined indications,
such as non-reassuring fetal heart tracings, labor arrest disorders, and suspected macrosomia
(clinical or ultrasound estimate), increased, whereas more objectively defined indications,
such as malpresentation, maternal/fetal conditions, and obstetric conditions remained stable.

While not necessarily signaling causation, it is instructive to review events from this era,
which may have influenced cesarean rates. In 2001, a seminal paper and subsequent editorial
describing the risk of uterine rupture in women exposed to vaginal prostaglandins
undergoing VBAC 13, 14 suggested that elective repeat cesarean is the safer option when
compared with VBAC. Between 1998–2001, new national guidelines recommended that an
anesthesiologist should be available immediately in any hospital where VBAC is
offered.15–17 A subsequent trend away from VBAC occurred across the country that may
have impacted providers at our institution and contributed to the sharp decrease in VBAC
from 1998 forward. In 2003 and 2006, respectively, an ACOG bulletin and NIH consensus
statement on elective cesarean per maternal request, suggested more patient autonomy
regarding cesarean delivery, reflecting a change in national attitudes.18 In 2004 our
institution’s cesarean delivery review committee, which reviewed every cesarean for
appropriateness of indication, was reframed as a patient safety committee, no longer
focusing exclusively on the single process measure of cesarean delivery, but shifting to an
outcomes-based approach. This shift was temporally associated with a rise in the cesarean
rate. During the same time period, malpractice insurance rates in the state of Connecticut
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climbed precipitously with insurance companies citing large financial settlements as the
cause.

Given that the repeat cesarean rate is over 90% for women with a prior cesarean, many have
speculated that much of the increase in cesareans has been driven by decreasing VBAC
rates. However, our data concurs with other studies that reveal a steadily rising primary
cesarean delivery rate.19 At our institution, the largest contributor to the increasing primary
cesarean delivery rate was non-reassuring fetal heart tracing. The variability of fetal heart
tracing interpretation has been documented20, 21 and a lack of available fetal scalp blood
sampling kits in the United States has further complicated the objectivity of fetal heart rate
interpretation. Providers may be more apt to proceed with cesarean delivery for questionable
tracings in the recent medicolegal climate,22 and patients may desire cesarean if they
perceive any risk to their fetus based on abnormalities in the tracing even if it remains
overall reassuring. It is also possible that our effort to standardize fetal heart rate
interpretation, as part of our comprehensive patient safety effort, had effects on this
observation.23 Standardization theoretically attempts to improve the objectivity of this test,
however this study is unable to assess exactly what effect standardization had on the rise in
this indication for cesarean.

The nationally decreasing rates of operative vaginal deliveries are likely associated with
more cesareans performed for labor arrest disorders;24 however, our data do not show an
increase in the use of cesarean for arrest of descent during this time period. Rather most of
the increase in cesarean for labor arrest disorders manifested in arrest of dilation. The
diagnosis of arrest of dilation is relatively subjective with large variability among clinicians
in frequency of cervical exams, determination of adequate uterine contractions, and choice
of temporal endpoint. Patients may also play a role in the decision to intervene during
slowly progressing labors, especially when other clinical issues, such as maternal fever,
arise. The increase in cesarean delivery for arrest of dilation may be associated with
increasing use of induction of labor for medical and non-medical reasons;25 however, our
institution has not experienced large increases in induction over this time period (Table 1).

Both multiple gestation and pre-eclampsia increased as indications for cesarean delivery at a
much faster rate than the incidences of multiple gestation26 and preeclampsia27, 28 in the
population are increasing. Our estimates yield rates of cesarean for these indications 200%
and 87% higher than would be expected based on increases in incidence of multiple
gestation and preeclampsia, respectively. This may be due to increased use of cesarean
delivery for vertex presenting twins and the use of cesarean rather than induction of labor for
preeclampsia, despite practice guidelines supporting vaginal delivery in these
circumstances.29–31 Similarly, cesareans for suspected macrosomia increased at 12.3%/year
over this time period, despite stable rates of actual macrosomia at our hospital (Table 1)
demonstrating that cesarean is being utilized more frequently in these circumstances, rather
than actual increases in the incidence of macrosomia.

The contribution of maternal request cesareans to the overall cesarean rate has recently
received much attention. Our data indicates that this category did not make up a large
percentage (8%) of the increase in the overall cesarean delivery rate; however, it was the
most rapidly increasing category (27%/year). Studying maternal request cesarean delivery in
the United States population has been challenging, because maternal request cesarean is not
an indication readily identifiable by ICD-9 coding systems or birth certificate data. Our
study uses physician-recorded information from the labor unit, allowing documentation of
patient preference and revealing that small (7/1000 eligible women in 2009) but increasing
numbers of women in our region are requesting cesareans without medical indication.
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There are several limitations to this study. First, this data represents one institution, a large
urban academic medical center in Connecticut, and thus may not be generalizable to
populations with different demographic and regional characteristics. Second, because our
data represents one institution, the number of births in the cohort is lower than many other
studies using birth certificate data or ICD-9 codes to study cesarean delivery trends. These
studies have the benefit of large numbers to examine general trends; however, they lack
specific information about indications, rely on often misclassified coding data, often have
large “other” categories, and contain a large amount of missing data.32,33 Our study benefits
from the specificity of physician-documented indications over seven years and demonstrates
the importance of evaluating each indication independently over time.

Why providers are more apt to perform cesareans for subjective and elective indications
over recent years is a complex issue. Medicolegal reasons, scheduling issues, economic
pressures, provider- and patient-driven medicalization of birth, increased labor induction
rates, and a broader perception of cesareans as safe have all been raised as possibilities. The
role of medicolegal concerns has been documented with increasing cesarean rates as
malpractice premiums and the number of litigated cases increase.34–36 Patient preference
also cannot be discounted in these trends. Decision to pursue a cesarean is not one made by
the provider alone but one of shared decision making between provider and patient. Patient
preferences and perception of risk do contribute, for instance, to decisions to attempt VBAC
or vaginal delivery of multiple gestation. This does point out, however, that subjective
phenomena may have influence even in seemingly objective criteria. Unfortunately, this
analysis cannot account for the contribution of the patient’s decision-making to changes in
indications for cesarean.

While cesarean delivery rates that are too low are associated with increased adverse events,
cesarean delivery rates above the risk-adjusted expected rate for an institution have not been
shown to improve maternal or neonatal outcomes, but do add cost and unnecessary
intervention.37 Efforts to address the rising cesarean rate may benefit from attempts to
convert subjective indications into objective ones though clearer evidence-based guidelines
regarding fetal status, labor arrest, and assessment of macrosomia, as well as increased
provider accountability for the decision to perform cesarean at the practice, departmental,
hospital, or state level. In addition, increased patient education and involvement in decisions
during pregnancy, changes in methods of reimbursement, and medical-legal reform may all
be areas where potential improvements can be identified.
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Figure 1.
Cesarean delivery rates (%) were calculated for each year from 1996 to 2009. Cesarean rates
represent number of cesarean births divided by total live births.
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Figure 2.
The vaginal birth after cesarean delivery (VBAC) rate was calculated for each year from
1996 to 2009. VBAC rate represents number of successful VBACs divided by the number of
women who underwent previous cesarean delivery.
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Figure 3.
Cesarean delivery rate (%) by provider category. Cesarean delivery rates were calculated for
patients cared for by the high risk, private, and university services. Cesarean rates represent
number of cesarean deliveries in each category divided by number of live births in each
provider category.
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Figure 4.
The number of cesarean deliveries performed for each indication per 1,000 women at risk
for primary cesarean delivery. A. Primary cesarean deliveries grouped by indication. Each
vertical bar represents the total number of primary cesareans performed each year per 1,000
eligible live births, and the divisions within each bar represent the number of cesareans
performed for each indication. The purple bar represents an “other” category made up of 6
indications which are delineated further in Figure 4b. B: Primary cesarean deliveries
grouped by indication. A smaller scale is provided to allow for a clearer view of how the six
indications that make up the “other” category in Figure 4a changed over the 6-year period.
*Eligible live births were births to women with no prior history of cesarean delivery.
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Figure 5.
Contribution of each indication to the total increase in primary cesarean deliveries. The
proportions each indication contributed to the overall increase in primary cesarean delivery
from 2003 to 2009 are graphed in comparison to one another.
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