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Abstract 

Dissertation Title: Factors Influencing the Use of Labor Management Interventions and 

Their Effect on Cesarean Birth 

Stacey E. Iobst, Doctor of Philosophy, 2018 

Dissertation Directed by:  

Meg Johantgen, PhD, RN 

Associate Professor 

Associate Dean of the PhD Program 

University of Maryland School of Nursing 

Background: The cesarean birth (CB) rate of 31.9% in the US is concerning because the 

procedure is associated with increased maternal mortality as well as increased maternal 

and neonatal morbidity. Women considered low-risk for CB are defined as nulliparous 

and pregnant with a term, singleton gestation in the vertex position (NTSV). Even among 

NTSV women, cesarean rates range from 2.4% to 36.5% across hospitals, suggesting that 

CB may be influenced by differences in practice patterns, including admission triage, the 

use of labor management interventions (e.g., amniotomy, epidural analgesia, and 

oxytocin augmentation), and availability of a laborist.  

Purpose: The following were examined in three manuscripts: (1) influence of cervical 

dilation at admission on labor management and CB, (2) influence of provider and hospital 

characteristics on labor management and CB, (3) influence of combinations of labor 

management interventions on likelihood of CB.  

Methods: All three manuscripts were cross-sectional, observational studies of NTSV 

women with spontaneous onset of labor whose births occurred from 2002-2007 at 



 

 

hospitals included in the National Institutes of Health Consortium on Safe Labor. 

Samples sizes varied due to missing data but ranged from 17,443 to 26,259. Generalized 

linear mixed modeling was used to account for the effects of hospital and provider 

clusters.  

Results: Greater dilation at admission (>6 cm) was associated with a lower likelihood of 

receiving all three interventions (RR 0.40, CI95 0.35-0.46) and a lower likelihood of CB 

(4-5 cm: RR 0.44, CI95 0.40-0.49; >6 cm: RR 0.20, CI95 0.17-0.24). Midwives were 

more likely to use no interventions compared to obstetrician/gynecologists (RR 1.81, 

CI95 1.50-2.19). Women delivering at hospitals with an as-needed laborist available had 

a greater likelihood of receiving no interventions (RR 4.27, CI95 1.43-12.70) compared 

to those at hospitals with a 24/7 laborist. Compared to no interventions, use of all three 

interventions was associated with an increased likelihood of CB (RR 1.84, CI95 1.53-

2.21).  

Conclusion: Admitting women at more advanced cervical dilation may reduce the use of 

labor management interventions and CB. The combined use of labor management 

interventions should be considered carefully given the association with an increased 

likelihood of CB. 
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Chapter 1: Introduction and Purpose 

1.1 INTRODUCTION 

 The cesarean birth rate in the United States has risen dramatically in recent 

history from 5.5% in 19701 to the current rate of 31.9%.2 Although lifesaving in certain 

circumstances, overuse of cesarean birth is a public health concern because the procedure 

is associated with increased mortality and morbidity. Most notably, cesarean birth is 

associated with a nearly four times greater rate of maternal mortality in comparison with 

vaginal birth.3 Women who undergo cesarean birth also have increased morbidity 

including greater risk of infection, venous thromboembolism, postpartum hemorrhage, 

hysterectomy, and placental complications in future pregnancies.4–7 For neonates, 

cesarean birth is associated with increased risk of respiratory morbidity and admission to 

the neonatal intensive care unit (NICU) as well as asthma, obesity, and type I diabetes 

mellitus in childhood.8–12  

 Although the national cesarean birth rate has stabilized in recent years, the current 

rate of 31.9% likely represents overuse of the procedure based on evidence that cesarean 

birth rates above 10%-19% are not associated with reductions in maternal and neonatal 

mortality.13,14 Another trend that suggests overuse of cesarean birth is the wide variation 

of rates, ranging from 22.8% to 38.2% across states15 and from 7.1% to 69.9% across 

hospitals.16 Cesarean birth rates vary even more widely among women who are low risk 

for the procedure, defined as nulliparous and pregnant with a term, singleton gestation in 

the vertex position (NTSV). Among NTSV pregnancies, cesarean birth rates vary from 

2.4 to 36.5% across hospitals.16 These statistics for low-risk women are particularly 

concerning because 90% of women who undergo cesarean birth will deliver by the same 



2 

 

route in subsequent pregnancies.17 Moreover, repeated cesarean birth is associated with 

increased maternal morbidity over and above the first cesarean, including blood 

transfusion, hysterectomy, and surgical injury.18,19 Therefore, prevention of the first 

cesarean birth is a key strategy to reduce the overall rate as well as to avoid the 

cumulative increase in maternal morbidity associated with repeated cesarean deliveries.  

 Several factors are independently associated with cesarean birth including older 

maternal age, maternal obesity, and African American ethnicity.20–24 However, the rise in 

cesarean birth has been observed across all maternal ages, races, gestational ages, and 

states regardless of changes in maternal risk profiles.22,25 A possible etiology of the 

increase in cesarean birth is the variation in practice among healthcare systems, hospitals, 

and providers.3 In particular, certain practice patterns may result in a phenomenon 

referred to as the “cascade effect” whereby the sequential application of labor 

management interventions ultimately results in cesarean birth.26,27 The cascade begins 

upon admission because hospital policy often dictates the initiation of continuous 

intravenous fluid infusion and electronic fetal monitoring upon admission.28 These 

interventions restrict maternal mobility, limiting the ability to use non-pharmacologic 

pain management techniques. Epidural anesthesia may then be applied to manage pain 

associated with uterine contractions. In addition to further limiting mobility, epidural 

anesthesia has also been shown to interfere with the release of oxytocin, resulting in 

slowed labor progression.29 Thus, interventions such as amniotomy and oxytocin may be 

applied to augment labor. This cascade effect is concerning because the increased 

application of interventions is positively associated with cesarean birth.30,31 Additionally, 

evidence showing an association between admission in early labor and cesarean birth 
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suggests that earlier admission may lead to increased use of labor management 

interventions.32–36 

 According to a nationally representative survey of postpartum women, the 

majority reported receiving multiple labor management interventions such as those 

occurring as part of the cascade effect.37 Existing literature is focused on the use of single 

interventions or pairs of interventions rather than the cumulative effect of interventions 

applied in combination. Therefore, the current evidence may not fully represent the 

clinical experience of most women in the United States. The following review of the 

literature demonstrates that a gap remains regarding the influence of maternal, provider, 

and hospital characteristics on patterns of labor management interventions. Moreover, no 

research was found that has examined the cumulative effect of labor management 

interventions used in combination (amniotomy, epidural, oxytocin augmentation) on the 

likelihood of cesarean birth. 

1.2 LITERATURE REVIEW 

Influence of Non-Clinical Factors on Cesarean Birth 

Maternal Characteristics. Most research examining the relationship between 

maternal characteristics and cesarean birth has focused on maternal demographics. A 

meta-analysis of 11 cohort studies found that the pooled odds of having an emergency 

cesarean birth were 1.64 (CI95 1.55-1.73) for overweight women and 2.23 (CI95 2.07-

2.42) for obese women.20 Older maternal age has also been found to be positively 

associated with cesarean birth. A systematic review found that all 21 studies included in 

the review showed increased risk of cesarean birth among women at advanced maternal 

age (>35 years) compared to younger women, regardless of parity (RR 1.39-2.76).21 
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According to national statistics from the CDC, Non-Hispanic Black women also had a 

higher rate of cesarean birth (35.9%) in comparison with Non-Hispanic White women 

(30.9%) in 2016.38 A study of n=540,953 deliveries in Kaiser Permanente Southern 

California found that Black women had a consistently higher rate of primary cesarean 

birth compared to all other races from 1991-2008.23  During this timeframe, Black 

women had a 25% higher likelihood of primary cesarean birth (CI95 16-23%) compared 

to White women.  

Several studies conducted both in the United States and elsewhere have examined 

the relationship between cervical dilation at admission and the outcome of cesarean birth 

in nulliparous women. The results across studies were consistent, showing that admission 

at lower cervical dilation is associated with a 1.5 to 2.6 times higher likelihood of 

cesarean birth.32–36 Early labor was defined differently in each study, ranging from less 

than 1.5 cm to less than 5 cm of cervical dilation. One study differentiated participants 

according to whether they were in pre-active labor, defined as average dilation less than 

0.5 cm/hour during the first 4 hours after admission.33 Another study defined the active 

phase of labor as the presence of regular, painful contractions with cervical dilation 

greater than 3 cm.35 It is noteworthy that in 2010 an examination of labor progression in 

contemporary women resulted in a revised benchmark for active labor of 6 cm of cervical 

dilation.3,39 

Hospital Characteristics. The influence of hospital characteristics on cesarean 

birth has been examined to a fair extent in the Unites States and Canada. In particular, 

obstetric model of care, type of hospital, and level of NICU have been investigated in 

relation to cesarean birth. One study conducted in California compared a traditional 
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private practice model against a laborist model.40 In the private practice model, physician 

providers may be on call from home or while working in outpatient offices whereas in the 

laborist model there were midwives or physicians available at the hospital at all times. 

Results showed a higher rate of NTSV cesarean birth (29.8%) in the private practice 

model compared to the laborist model (15.9%). A similar study conducted in Las Vegas, 

Nevada, compared three clinical models: care provided through a traditional private 

practice model (no laborist), contracted care provided 24/7 by local community 

physicians (community laborist), and a 24/7 dedicated full-time laborist staff.41 Results 

showed that having a full-time laborist was associated with a lower likelihood of cesarean 

birth compared with having no laborist (OR 0.73, CI95 0.64-0.83) or having community 

laborists (OR 0.77, CI95 0.67-0.87). A Canadian study comparing cesarean birth rates at 

a tertiary hospital versus a community hospital found that the tertiary hospital had a 

greater likelihood of cesarean birth in nulliparous pregnancies with a term, singleton 

gestation (OR 3.4, CI95 2.1-5.4).42 Results from two studies conducted in the United 

States found mixed results regarding the relationship between level of NICU and 

cesarean birth for nulliparous women.24,43 

Provider Characteristics. The few provider characteristics that have been 

examined with respect to influence on cesarean birth include provider type (physician 

versus midwife), provider sex, and practice type. A Cochrane systematic review 

comparing midwifery-led care with other models of care found a lower likelihood of 

cesarean birth associated with midwifery-led care (RR 0.92, CI95 0.84-1.00).44 Two 

studies conducted in the United States found that male providers as well as providers who 

are university faculty have a higher likelihood of performing cesarean birth.43,45  
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Influence of Non-Clinical Factors on Labor Management Interventions 

Maternal Characteristic: Cervical Dilation at Admission. Two studies have 

examined the influence of cervical dilation at admission on the use of labor management 

interventions. In one study conducted in the Midwestern United States, NTSV women 

admitted in pre-active labor were more likely to receive oxytocin augmentation (OR 6.5, 

CI95 3.43-12.27) but less likely to receive amniotomy (OR, 0.8; CI95, 0.44–1.32) 

compared to women admitted in active labor.33 A study of 14 hospitals in Washington 

State found that nulliparous women admitted prior to 4 cm cervical dilation had an 

increased likelihood of epidural (RR 1.18, CI95 1.13-1.24) and oxytocin augmentation 

(RR 1.56, CI95 1.50-1.63).36 

Provider characteristics. Two systematic reviews were identified that examined 

care provided by midwives. One review found that care provided by certified nurse 

midwives was associated with lower use of epidural, labor induction, and episiotomy.46 A 

Cochrane systematic review comparing midwifery-led care to other models of care 

included 15 high-quality studies that were conducted in Australia, Canada, Ireland and 

the United Kingdom. Results showed that midwifery-led care was associated with a 

lower likelihood of epidural/spinal anesthesia (RR 0.85, CI95 0.78-0.92), amniotomy 

(RR 0.80, CI95 0.66-0.98), and oxytocin augmentation (RR 0.88, CI95 0.78-0.99).40 

Influence of Labor Management Interventions on Cesarean Birth 

Several Cochrane systematic reviews have explored the relationship between 

labor management interventions and cesarean birth, but results vary depending on 

whether the review examined a single intervention or a pair of interventions. For 

instance, amniotomy alone was found to increase the risk of cesarean birth (RR 1.15, 
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CI95 0.88-1.51),48 but early amniotomy combined with early oxytocin reduced the risk of 

cesarean birth (RR 0.89, CI95 0.79, 1.01).49 Similarly, the use of epidural alone showed a 

slight increase in the risk of cesarean birth (RR 1.10, CI95 0.97-1.25),50 but oxytocin 

augmentation in women also receiving epidural anesthesia showed a decreased risk of 

cesarean birth (RR 0.95, CI95 0.42-2.12).51  

One systematic review attempted to model the cascade effect by examining 

relationships between pairs of labor management interventions (electronic fetal 

monitoring, epidural, labor induction, and labor augmentation) and type of delivery 

(instrumental vaginal birth and cesarean birth) in low-risk women.27 Results showed that 

epidural was associated with higher odds of cesarean birth (OR 1.60, CI95 1.18–2.18) 

and use of oxytocin (OR 1.20, CI95 1.01–1.43) when compared with epidural plus non-

pharmacological methods of pain control. Findings were mixed for the relationship 

between labor augmentation and type of birth (cesarean or operative vaginal birth).  

Although the systematic review included only studies that examined low-risk women, the 

meta-analyses included both nulliparous and multiparous women. Therefore, results from 

this systematic review cannot be generalized specifically to nulliparous women having 

their first birth.  

Two primary studies have examined the use of amniotomy, epidural, and 

oxytocin. One study conducted in Australia examined the association between labor 

management interventions and unassisted vaginal birth among low-risk women from 

2000-2002.31 Results showed that low-risk NTSV women who underwent labor induction 

or augmentation were twice as likely (AOR 2.04, CI99 1.79-2.32) to have a cesarean 

birth. Women who received epidural and labor induction or augmentation had a 52.18 
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times greater odds of cesarean birth (AOR 52.18, CI99 46.92-58.04). Generalizability of 

these results to the population in the United States is limited due to differing incentives in 

the universal healthcare system in Australia. A second limitation was that induction and 

augmentation of labor were grouped together as one category. This is problematic 

because women undergoing induction of labor require interventions to initiate and sustain 

labor. Therefore, the use of multiple interventions is likely to be greater in women who 

are induced compared to those with spontaneous onset of labor.  

The second primary study to examine the use of amniotomy, epidural anesthesia, 

and oxytocin augmentation was conducted in Germany in 2005. The aims of the three 

publications resulting from the parent study were the following: (1) to describe the timing 

of labor interventions52, (2) to model the sequence and timing of interventions and 

examine association with length of labor and delivery mode,53 and (3) to examine the 

association of various timings of labor interventions with duration of labor and delivery 

mode.54 Findings relevant to this dissertation showed that as the number of interventions 

increased, the number of spontaneous vaginal births decreased.53 Additionally, results for 

nulliparous women showed that oxytocin augmentation was associated with a greater 

likelihood of cesarean birth (HR=2.2 CI95 1.65-2.97).54 One limitation of this study is 

that motivations and payment systems are likely to influence practice patterns differently 

in Germany than in the private payer system in the Unites States. A second limitation is 

that midwives were acknowledged as the main care provider during labor. This model is 

unlike the maternity care model in the United States where midwives attended only 

approximately 10% of births in 2015.55    
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1.3 PURPOSE AND SPECIFIC AIMS 

 The purpose of this dissertation was to examine factors that influence labor 

management interventions and their effect on cesarean birth in low-risk NTSV women 

with spontaneous onset of labor. This was accomplished through the following aims: 

Aim 1: Determine if cervical dilation at admission (e.g., 3-4 cm, 4-5 cm, 6-10 

cm) predicts the number and pattern of labor management interventions (e.g., 

amniotomy, epidural anesthesia, oxytocin augmentation) used individually and in 

combination as well as cesarean birth for NTSV women with spontaneous onset of labor. 

Hypothesis: NTSV women admitted in spontaneous labor at greater than 4 cm cervical 

dilation are less likely to receive a greater number of interventions, receive a combination 

of all three interventions, and have a cesarean birth. 

Aim 2: Determine if provider characteristics (e.g., sex, practice type, specialty) 

and hospital characteristics (e.g., hospital type, obstetrics level, NICU level, availability 

of a laborist, availability of select obstetric and neonatal providers) predict patterns of 

labor management interventions (used individually and in combination) and cesarean 

birth for NTSV women with spontaneous onset of labor. Hypothesis: A physician 

provider and availability of a 24/7 laborist will independently predict the likelihood of 

interventions used individually and in combination as well as cesarean birth for NTSV 

women with spontaneous onset of labor.  

Aim 3: Determine if patterns of labor management interventions used individually 

and in combination predict cesarean birth for NTSV women with spontaneous onset of 

labor. Hypothesis: NTSV women with spontaneous onset of labor who receive more 

interventions will have a greater likelihood of cesarean birth. 
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1.4 CONCEPTUAL FRAMEWORK 

 The Donabedian model provides a framework to examine the structure, process, 

and outcomes of healthcare56–58 (Figure 1.1). Structure refers to the context of care such 

as the physical environment, organizational characteristics, and qualifications of 

healthcare providers. Process includes the treatments or services provided to the patient. 

Outcome refers to the consequences of care and is often used to measure quality of care. 

Outcome typically refer to long-term consequences such as morbidity and mortality; 

however, in this dissertation outcome refers to a short-term intermediate consequence of 

care. The Coyle and Battles version of the Donabedian model also includes antecedents 

as a fourth concept in the framework to encompass patient characteristics and 

environmental risk factors.57 The Coyle and Battles version of the Donabedian model was 

used as a conceptual framework for this study where each concept was defined as the 

following: antecedents included cervical dilation at admission, structure included 

provider and hospital characteristics, process included labor management interventions 

(e.g., amniotomy, epidural anesthesia, and oxytocin augmentation), and outcome was 

cesarean birth.  

Figure 1.1. Coyle and Battles version of the Donabedian Model 
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1.5 METHODS 

 Data for this dissertation were obtained from the Consortium on Safe Labor 

(CSL). The CSL was a multisite retrospective cohort study conducted by the Eunice 

Kennedy Shriver National Institute of Child Health and Human Development of the 

National Institutes of Health. The CSL collected data from n=228,438 deliveries that 

occurred in the United States from 2002-2008 with the majority of births taking place 

from 2005-2007. Deliveries occurred across 12 clinical sites that included 19 hospitals 

and represented nine districts of the American College of Obstetricians and 

Gynecologists. There were 8 university-affiliated hospitals, 9 community teaching 

hospitals, and 2 community non-teaching hospitals. Selected clinical information was 

downloaded from hospital databases in de-identified format and some records were 

selected randomly for manual data abstraction. Provider and hospital characteristics were 

collected through administration of a technical survey at each clinical site. Data were 

downloaded to the CSL Data Coordinating Center where records were cleaned, coded, 

and audited. Quality assurance was conducted through random auditing of critical 

variables to confirm that the electronic medical records accurately reflected the medical 

charts. Additionally, electronically retrieved data were compared against manually 

abstracted data. Main components of the dataset include: maternal demographics, 

reproductive history, medical history, prenatal history of current pregnancy, labor 

admission assessment, labor progression, labor and delivery summary, maternal 

postpartum condition, and newborn information.   

 For this dissertation, a retrospective, observational study was conducted using a 

subset of participants from the CSL for each aim. Specific exclusion criteria were applied 
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to the CSL dataset to achieve a sample consisting of NTSV women with spontaneous 

onset of labor. The following exclusion criteria were applied: admission for spontaneous 

rupture of membranes without onset of labor, induction of labor, or pre-labor cesarean 

birth, (2) multiparous women, (3) preterm gestation (< 37 weeks), post-term gestation 

(>42 weeks), or stillbirths, (4) multiple gestations, and (5) non-vertex presentation 

(Figure 1.2). Each aim consisted of a different set of hospitals due to completely missing 

data or large amounts of missing data for main variables of interest. The resulting 

analytic files included the following for each aim: (Aim 1) 9 hospitals and n=21,858 

deliveries, (Aim 2) 8 hospitals and n=17,443 deliveries, (Aim 3) 11 hospitals and 26,259 

deliveries.  

 Detailed methods for each aim are described in chapters 2-4. In summary, intra-

class correlations were calculated for relationships of interest and it was determined that 

hierarchical modeling was required to account for provider- and hospital-level effects. 

Descriptive statistics were used to examine the samples, the use of labor management 

interventions both individually and in combination, and the use of cesarean birth. 

Generalized linear mixed modeling was conducted to examine relationships of interest 

for each aim.    
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1.6 ETHICAL CONSIDERATIONS 

Data were obtained from the Consortium on Safe Labor after signing a data use 

agreement. A review by the University of Maryland School of Nursing determined that 

the study was non-human subjects because the data were de-identified (FWA 

#00007145).  

1.7 ORGANIZATION OF THE STUDY 

Chapters two, three, and four comprise three manuscripts that are consistent with 

the aims of this dissertation. Each manuscript was prepared for submission to peer-

reviewed scientific journals in fulfillment of the manuscript option for dissertation. 

Chapter five is a summary of the main findings in each manuscript as well as a discussion 

of limitations, implications of findings, and recommendations for future research.  

 

Figure 1.2. Sample selection for each aim 
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Chapter 2: Influence of Admission Dilation on Intrapartum Interventions and 

Cesarean Birth in Low-Risk Women 

2.1 ABSTRACT 

Background: Evidence has shown that admission in early labor is associated with 

increased likelihood of cesarean birth. However, the mechanism by which admission in 

early labor leads to cesarean is unclear. One possibility is that early admission leads to 

the increased use of intrapartum interventions and that cesarean birth results from the 

cumulative effect of interventions.  

Objectives: The purpose of this study was to examine whether cervical dilation at 

admission influences: (1) amniotomy, epidural anesthesia, and oxytocin augmentation, 

used individually and in combination; and (2) cesarean birth.   

Methods: This was a cross-sectional, observational study of 21,858 nulliparous singleton 

term vertex births that occurred from 2002-2007 across nine hospitals in the Consortium 

on Safe Labor. 

Results: Most women (92%) received at least one intrapartum intervention and 22.7% 

received all three interventions. As cervical dilation at admission increased, the 

percentage of women receiving interventions decreased, regardless of whether women 

received one intervention (11.4% at 0-3 cm, 8.4% at 4-5 cm, and 5.8% at 6-10 cm), two 

interventions (24.6% at 0-3 cm, 13.5% at 4-5 cm, and 5.4% at 6-10 cm), or three 

interventions (14.0% at 0-3 cm, 7.4% at 4-5 cm, and 1.6% at 6-10 cm). Women were 

55% less likely to receive the combination of amniotomy, epidural, and oxytocin when 

admitted at 6-10 cm (RR 0.40, CI95 0.35-0.46) compared to those admitted at 0-3 cm. 

Likelihood of cesarean birth was lower for women admitted at 4-5 cm (RR 0.44, CI95 
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0.40-0.49) and 6-10 cm dilation (RR 0.20, CI95 0.17-0.24) compared to those admitted at 

0-3 cm dilation. 

Conclusions: Regardless of the total number of interventions applied, women receive 

fewer interventions as cervical dilation at admission increases beyond 3 cm. Admission at 

after 4 cm dilation is associated with a lower likelihood of cesarean birth, however it is 

unclear whether this is due to the use of intrapartum interventions. 

Keywords: admission, cervical dilation, intrapartum interventions, cesarean birth  

2.2 BACKGROUND 

The rise in cesarean birth from 22.9% in 200059 to a current rate of 31.9%2 is a 

public health concern because the procedure is associated with increased maternal 

mortality as well as increased maternal and neonatal morbidity3. For women, adverse 

outcomes include postpartum hemorrhage, hysterectomy, and placental complications in 

future pregnancies.6,60–62 Neonates delivered by cesarean are at higher risk for increased 

respiratory morbidity and admission to the neonatal intensive care unit.8–10 While the 

national cesarean rate has been stable in recent years, worldwide ecological studies show 

that the optimal rate is between 15-19%.13,14,63 In the United States, current efforts are 

focused on preventing the first cesarean in women who are considered low-risk for the 

procedure, defined as nulliparous and pregnant with a single baby at term gestation in the 

vertex position (NTSV).  

A key strategy to prevent the first cesarean birth is to delay admission to the 

hospital until the onset of active labor. Traditionally, onset of active labor has been 

defined as 3 cm to 5 cm of cervical dilation,64 but an examination of labor progression in 

contemporary women found that active labor begins at 6 cm or later.39 Some evidence 
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shows that admission prior to onset of active labor is associated with greater risk of 

cesarean birth.32–35 In particular, admission may initiate a cascade effect where the 

application of interventions such as continuous intravenous fluid infusion, continuous 

electronic fetal monitoring, and epidural anesthesia may limit mobility. Epidural 

anesthesia may also slow labor progression by interfering with the release of oxytocin.65 

In some cases, this slowed progress may lead to the use of amniotomy or oxytocin to 

augment labor. Thus, the link between admission in early labor and cesarean birth may be 

explained by increased application of intrapartum interventions in response to slower 

labor prior to 6 cm of dilation. Evidence has shown that admission in early labor is 

associated with epidural anesthesia and amniotomy,33,36,66 but no literature was identified 

that has examined cervical dilation at admission in relation to the combined use of 

intrapartum interventions. Research is needed to explore whether admission in early labor 

is associated with increased use of interventions because some evidence shows that the 

sequential application of labor management interventions is associated with increased 

risk of cesarean birth.30,67 

While examining interventions as isolated outcomes provides some information 

about intrapartum provider practices, this method does not account for the practice of 

applying multiple interventions over the course of labor. According to a nationally 

representative survey of postpartum women, the majority reported receiving multiple 

intrapartum interventions including continuous electronic fetal monitoring (89%), 

epidural anesthesia (62%), and oxytocin (50%).68 Therefore, analyzing interventions used 

in combination rather than in isolation is critical to understanding how intrapartum care 

occurs in the real world. Moreover, understanding how timing of admission influences 
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the use of intrapartum interventions may provide insight about how to prevent 

unnecessary cesarean birth in low-risk women. The purpose of this cross-sectional, 

observational study is to examine in NTSV women with spontaneous onset of labor the 

relationship between cervical dilation at admission and (1) the individual and combined 

use of amniotomy, epidural anesthesia, oxytocin augmentation, and (2) cesarean birth. It 

is hypothesized that admission at lower cervical dilation is positively associated with the 

use of more interventions and a higher likelihood of cesarean birth. 

2.3 METHODS 

The sample was a subset of participants from a multicenter retrospective 

observational study conducted by the National Institute of Child Health and Human 

Development (NICHD), National Institutes of Health Consortium on Safe Labor. Data 

were collected between 2002-2008 from electronic medical records for 228,438 

deliveries across 19 hospitals, including nine community teaching hospitals, eight 

university-affiliated teaching hospitals, and two non-teaching community hospitals. The 

majority of deliveries in the dataset (85%) occurred from 2005-2007. Hospital- and 

provider-level data were collected through a survey administered at each site. Data were 

obtained after completion of a data use agreement with the NICHD. The study was 

determined by the University of Maryland School of Nursing Institutional Review Board 

to be non-human subjects research due to the de-identification of data. 

To produce the analytic data file, the following inclusion criteria were used: 

admission in spontaneous labor, nulliparous births, term births (gestational age 37 to 42 

weeks of gestation), singleton births, and vertex presentations (Figure 2.1). Some 

hospitals from the Consortium on Safe Labor were excluded from this study due to 
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completely missing data or a large percentage of missing data for a main variable of 

interest. Nine hospitals had completely missing data for one or more of the following 

variables: amniotomy, epidural anesthesia, oxytocin augmentation, and dilation at 

admission. One hospital was excluded for 72% missing data for dilation at admission. 

The resulting analytic file included births from n=21,858 women attended by 665 

providers across nine hospitals from 2002-2007.      

Outcomes of interest were the use of intrapartum interventions (amniotomy, 

epidural anesthesia, oxytocin augmentation) and cesarean birth. Due to possible 

                                       Figure 2.1. Sample selection (n=21,858) 
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clustering effects at the hospital and provider levels, intra-class correlations were 

calculated for each outcome. Based on intra-class correlations for hospital-level effects 

(amniotomy=0.05, epidural=0.19, oxytocin=0.16, cesarean=0.02) and provider-level 

effects (amniotomy=0.02, epidural=0.20, oxytocin=0.17, cesarean=0.17), a multilevel 

approach was used. Intra-class correlation results were used to calculate design effects for 

each outcome for hospital-level clusters (amniotomy=0.95, epidural=6.87, 

oxytocin=5.92, cesarean=1.65) and provider-level clusters (amniotomy=1.55, 

epidural=7.40, oxytocin=6.45, cesarean=6.39). Required sample size was calculated a 

priori based on published effect sizes ranging from OR=0.8 to OR=6.5 for the 

relationship between cervical dilation at admission and the outcomes of amniotomy, 

epidural, oxytocin, and cesarean birth.33,34,36,66,69 Maximum required sample size was 

estimated at n=1,967 to detect an effect at 80% power with alpha level (two-sided)=0.05. 

Therefore, the sample size of n=21,858 was determined to be more than adequate. 

Descriptive statistics were used to examine sample characteristics, combination of 

interventions, and number of interventions by cervical dilation at admission. One-way 

ANOVA and chi-squared were conducted to examine maternal characteristics by dilation 

at admission. Generalized linear mixed modeling was used to examine the relationship 

between cervical dilation at admission and: (1) intrapartum interventions used 

individually and in combination, and (2) cesarean birth. A small proportion of the sample 

had pregnancy risk factors such as gestational diabetes (2.3%), chronic hypertension 

(0.3%), diabetes (0.5%), and preeclampsia (3.6%). Therefore, a variable was created to  

represent aggregated comorbidity for women having any of these risk factors. Bivariate 

analyses were used to examine maternal characteristics for inclusion in adjusted models. 
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These included age, body mass index (BMI), race, marital status, education level, 

insurance type, birth attendant, and comorbidity. Maternal age, BMI, and comorbidity 

were included in adjusted models based on bivariate results as well as evidence in the 

literature showing that maternal age and body mass index (BMI) are associated with 

cesarean birth.21,22,70 Data analyses were conducted using SAS version 9.4. 

2.4 RESULTS 

The sample included births of n=21,858 women occurring from 2002-2007 across 

nine hospitals. Table 2.1 describes the sample characteristics by three stages of cervical 

dilation at admission: 0-3 cm, 4-5 cm, and 6-10 cm. Mean age was 24.9 (±5.4) years and 

did not vary across dilation at admission: F (2, 21316) = 1.45, p=0.235. Mean BMI was 

29.2 (±5.1) and there was strong evidence that BMI varied across dilation at admission 

when comparing each dilation group, but the effect was small: F (2, 16682) = 61.13, 

p<0.001, d=0.007. The majority was White/Non-Hispanic (71.0%), and married (68.4%). 

Most women had greater than a high school education (60.2%) and most had private 

health insurance (78.9%). Physicians attended 88.3% of the deliveries. Results of chi-

squared analyses showed strong evidence that sample characteristics differed by dilation 

at admission, possibly due to the large sample size.  

Table 2.2 shows the use of intrapartum interventions and cesarean delivery by 

dilation at admission. About half of women were admitted at 0-3 cm of cervical dilation 

(51.2%). Amniotomy-epidural-oxytocin was the most frequently used combination of 

interventions (22.7%) followed by amniotomy-epidural (21.4%) and epidural-oxytocin 

(20.3%). Use of amniotomy-epidural-oxytocin and epidural-oxytocin decreased as 

cervical dilation at admission increased. In contrast, use of no interventions and single 
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interventions increased as cervical dilation at admission increased. The overall cesarean 

birth rate was 13.8%, and the rate for each group decreased with increasing cervical 

dilation at admission.  

      

Table 2.1. Characteristics of sample by cervical dilation at admission (n=21858) 

 

 

Overall 

(n=21858) 

Mean (SD) 

0-3 cm  

(n=10943) 

4-5 cm 

(n=6759) 

6-10 cm 

(n=3659)  

 

Mean (SD) Mean (SD) Mean (SD) F (p-value) 

Age (years) 24.9 (5.4) 24.9 (5.2) 24.9 (5.5) 25.1 (5.6) 1.5 (0.235) 

Body Mass Index 

 

29.2 (5.1) 29.5 (5.2)* 28.9 (5.0)* 28.4 (4.7)* 61.1 (<0.001) 

 N N (%) N (%) N (%) X2 p-value 

Race/Ethnicity      

White/Non-Hispanic 14539 (71.0)  7589 (74.6) 4206 (66.2) 2376 (68.4) <0.001 

Black/Non-Hispanic 1329 (6.5) 537 (5.3) 452 (7.1) 266 (7.7)  

Hispanic  2876 (14.0) 1364 (13.4) 1048 (16.5) 441 (12.7)  

Other 1742 (8.5) 683 (6.7) 648 (10.2) 393 (11.3)  

Marital Status      

Married 14344 (68.4) 7332 (69.6) 4334 (67.0) 2380 (68.8) 0.003 

Single 6613 (31.6) 3208 (30.4) 2130 (33.0) 1078 (31.2)  

Education      

Less than High School 1072 (12.0) 696 (11.9) 245 (11.6) 82 (12.1) 0.007 

High School Diploma 2474 (27.8) 1679 (28.7) 549 (26.1) 156 (23.0)  

More than High School  5362 (60.2) 3470 (59.4) 1310 (62.3) 439 (64.8)  

Insurance      

Private 16128 (78.9) 8165 (77.6) 4847 (79.9) 2810 (83.7) <0.001 

Other 4301 (21.1) 2360 (22.4) 1222 (20.1) 547 (16.3)  

Birth Attendant      

Physician 19200 (88.3) 9936 (91.2) 5856 (87.1) 2946 (81.2) <0.001 

Midwife 2021 (9.3) 690 (6.3) 690 (10.3) 612 (16.9)  

Physician/Midwife 515 (2.4) 267 (2.5) 176 (2.6) 71 (2.0)  
a Percentages are valid.  *Significantly different mean scores between all groups. 

 

Figure 2.2 shows the percentage of the sample receiving each number of 

interventions (0, 1, 2, 3) by dilation at admission. As cervical dilation at admission 

increased, women received fewer total interventions. This trend occurred regardless of 

whether women received one intervention (11.4% at 0-3 cm, 8.4% at 4-5 cm, and 5.8% at 

6-10 cm), two interventions (24.6% at 0-3 cm, 13.5% at 4-5 cm, and 5.4% at 6-10 cm), or 

three interventions (14.0% at 0-3 cm, 7.4% at 4-5 cm, and 1.6% at 6-10 cm). The 
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percentage of women receiving no interventions was approximately 2% for women 

admitted at 0-3 cm and 4-5 cm whereas a greater percentage of women admitted at 6-10 

cm received no interventions (3.4%).  

Table 2.2. Interventions and delivery mode by dilation at admission 

 

 

0-3 cm  

n=10943 

(51.2%) 

4-5 cm  

n=6759 

(31.6%) 

6-10 cm  

n=3659 

(17.1%) 

 

Total 

(n=21858) 

N (%) N (%) N (%) N (%) 

Intervention Combinations     

None 465 (4.4) 449 (7.0) 684 (20.8) 1665 (8.0) 

Amniotomy 386 (3.6) 473 (7.4) 491 (14.9) 1413 (6.8) 

Epidural 1728 (16.3) 1097 (17.1) 596 (18.1) 3454 (16.6) 

Oxytocin 212 (2.0) 146 (2.3) 98 (3.0) 458 (2.2) 

Amniotomy-Epidural 1804 (17.0) 1673 (26.1) 757 (23.0) 4450 (21.4) 

Amniotomy-Oxytocin 138 (1.3) 197 (3.1) 94 (2.9) 433 (2.1) 

Epidural-Oxytocin 3054 (28.8) 870 (13.6) 243 (7.4) 4220 (20.3) 

Amniotomy-Epidural-

Oxytocin 

2837 (26.7) 1513 (23.6) 330 (10.0) 4733 (22.7) 

Delivery Mode     

Vaginal  9062 (82.8) 6102 (90.3) 3473 (94.9) 18841 (86.2) 

Cesarean  1879 (17.2) 655 (9.7) 185 (5.1) 3011 (13.8) 
a Percentages are valid 

 

   

The relative risk of receiving each intervention combination at 4-5 cm and 6-10 

cm dilation at admission compared to 0-3 cm dilation at admission is shown in Table 2.3. 

Women were 12% more likely to receive no interventions when admitted at 4-5 cm (RR 

1.12, CI95 1.12-1.48) and four times more likely to receive no interventions when 

admitted at 6-10 cm (RR 4.00, CI95 3.49-4.57) compared to those admitted at 0-3 cm. 

Women receiving one intervention were more likely to receive amniotomy when 

admitted at 4-5 cm dilation (RR 1.79, CI95 1.55, 2.07) and at 6-10 cm dilation (RR 3.41, 

CI95 2.93, 3.96) compared to those admitted at 0-3 cm. Dilation at admission did not 

significantly influence likelihood of receiving epidural or oxytocin except for women 

admitted at 4-5 cm who were less likely to receive oxytocin (RR 0.78,CI95 0.62-0.97). 

Figure 2.2. Percentage of sample receiving number of interventions by dilation at admission 
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Greater dilation at admission significantly increased likelihood of receiving amniotomy-

epidural and amniotomy-oxytocin, but decreased likelihood of receiving epidural-

oxytocin. Admission at 4-5 cm did not significantly influence the likelihood of receiving 

amniotomy-epidural-oxytocin. Women admitted at 6-10 cm dilation were 60% less likely 

to receive amniotomy-epidural-oxytocin (RR 0.40, CI95 0.35-0.46) compared to those 

admitted at 0-3 cm dilation. Risk ratios adjusted by maternal age, BMI, and comorbidity 

showed little difference from unadjusted risk ratios (data not shown). Women admitted at 

≥ 4 cm cervical dilation had a significantly lower likelihood of having a cesarean birth. 

Compared to women admitted at 0-3 cm dilation, those admitted at 4-5 cm dilation were 

56% less likely to have cesarean birth (RR 0.44, CI95 0.40-0.49). Women admitted at 6-

10 cm dilation were 80% less likely to have cesarean birth (RR 0.20, CI95 0.17-0.24) 

compared to those admitted at 0-3 cm.  
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Table 2.3. Relative risk of interventions and cesarean birth by dilation at admission 

 4-5 cm Dilation 

 RR (CI 95%) 

6-10 cm Dilation 

RR (CI 95%) 

No Interventions 1.28 (1.12, 1.48) 4.00 (3.49, 4.57) 

Amniotomy Only 1.79 (1.55, 2.07) 3.41 (2.93, 3.96) 

Epidural Only 0.99 (0.91, 1.08) 1.00 (0.90, 1.11) 

Oxytocin Only 0.78 (0.62, 0.97) 0.92 (0.71, 1.19) 

Amniotomy-Epidural 1.75 (1.62, 1.89) 1.38 (1.25, 1.53) 

Amniotomy-Oxytocin 1.75 (1.39, 2.21) 1.41 (1.06, 1.86) 

Epidural-Oxytocin 0.43 (0.40, 0.47) 0.26 (0.22, 0.30) 

Amniotomy-Epidural-Oxytocin 0.99 (0.91, 1.07) 0.40 (0.35, 0.46) 

Cesarean Birth 0.44 (0.40, 0.49) 0.20 (0.17, 0.24) 
a Referent is 0-3 cm dilation at admission   
   
   

2.5 DISCUSSION 

Summary 

This study differs from existing research conducted in the United States in two 

ways. First, research conducted thus far has examined the relationship between cervical 

dilation at admission and the use of intrapartum interventions without consideration of 

the combined use of interventions. Additionally, most studies have defined early labor as 

less than 4-5 cm,34,36,66 and one study used the term pre-active labor to describe cervical 

dilation less than 0.5 cm per hour during the first four hours after admission.33 In contrast, 

this study compared three categories of dilation at admission: 0-3 cm, 4-5 cm, and 6-10 

cm. Despite these differences, some comparisons can be made between results from this 

study and findings from other research. This study found a decreased likelihood of 

amniotomy prior to 4 cm except when used in combination with oxytocin and epidural. 

Similarly, other research has shown a lower likelihood of amniotomy for NTSV women 

in pre-active labor (OR=0.8, CI95 0.44-1.32)33 as well as for multiparous and nulliparous 

women admitted prior to 4 cm of dilation (OR=0.8, CI95 0.7-0.8).66 Whereas results from 

this study showed no effect of dilation at admission on epidural used alone, other 
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research has shown increased use of epidural associated with admission prior to 4 cm for 

nulliparous women (RR 1.18, CI95 1.13-1.24)36 as well as for multiparous and 

nulliparous women (OR=2.2, CI95 2.0-2.4).66 Results from this study showed a greater 

likelihood of oxytocin when used alone for women admitted prior to 4 cm dilation. Other 

research has also shown increased likelihood of oxytocin for NTSV women admitted in 

pre-active labor (OR 6.5, CI95 3.43-12.27)33 as well as for nulliparous women admitted 

prior to 4 cm of dilation (RR 1.56, CI95 1.50-1.63).36 A study examining nulliparous and 

multiparous women also found that admission prior to 4 cm of dilation was associated 

with greater likelihood of oxytocin (OR 2.3, CI95 2.1-2.6).66 Results from this study 

showing that admission prior to 4 cm of dilation was associated with greater likelihood of 

cesarean birth were consistent with findings from other studies. Likelihood of cesarean 

birth has been shown to be increased for NTSV women admitted in pre-active labor 

(OR=2.6, CI95 1.02-6.37),33 for nulliparous women admitted prior to 4 cm (OR=1.50, 

CI95 1.32-1.70),36 and for nulliparous and multiparous women admitted prior to 5 cm of 

dilation (OR=2.38, CI95 1.4-4.0).34 Only one study found that admission prior to 4 cm of 

dilation did not have an effect on cesarean birth for nulliparous and multiparous women 

(OR=1.0, CI95 0.6-1.8).66   

Examining the order in which interventions were applied would provide insight 

about whether cervical dilation at admission initiates a cascade of interventions that is 

positively associated with cesarean birth. This analysis was not possible in our study due 

to large amounts of missing data for timing of intervention application. Petersen et al. 

(2011, 2013) examined order and timing of intrapartum interventions in Germany and 

found that that nulliparous women were more likely to receive epidural anesthesia prior 
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to amniotomy or oxytocin augmentation.52,53 Additionally, epidural was applied at a 

mean cervical dilation of 2.8 cm. By three hours after the onset of labor, nulliparous 

women had received the following interventions: amniotomy (8.9%), oxytocin 

augmentation (8.4%), and epidural anesthesia (10.7%). However, motivations and 

payment systems are likely to influence practice patterns differently in Germany than in 

the private payer system in the Unites States. Additionally, results suggest that 

intervention rates may differ between the United States and Germany. For example, 

results from this study showed that nearly 90% of women received epidural anesthesia 

whereas, only 34.2% of nulliparous women received epidural anesthesia in the Petersen 

et al. (2011, 2013) study. Although timing of interventions has not been examined in the 

United States, it is likely that women who are admitted at lower cervical dilations receive 

interventions sooner than women who present to the hospital in active labor. Women who 

arrive to the hospital in active labor will likely have a more established contraction 

pattern and greater cervical dilation, requiring less intervention to encourage further 

progress toward delivery.  

A noteworthy finding in this study is that 13.8% of births occurred by cesarean, 

and this rate is half the national cesarean birth rate among NTSV women in 2014.59 The 

overall cesarean birth rate among NTSV women in the Consortium on Safe Labor dataset 

was 23.9% for all types of admission (e.g., onset of spontaneous labor, induction of labor, 

pre-labor cesarean). Since women undergoing induction of labor require a minimum 

number of interventions to initiate labor, this finding suggests that the difference in 

cesarean birth rates may be related to the timing and sequence of intrapartum 

interventions. Future research is needed in the United States to examine whether cervical 
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dilation at admission following spontaneous onset of labor influences the timing and 

sequence of interventions. Additionally, research is needed to examine differences in the 

timing and sequence of intrapartum interventions following spontaneous onset of labor 

versus induction of labor and whether these differences influence cesarean birth.   

Limitations  

 A limitation of this study is that data from the Consortium on Safe Labor was 

collected from births that occurred between 2002-2008 and therefore may not reflect 

current practice. However, findings in this study provide descriptive data about the use of 

intrapartum interventions and cesarean birth by cervical dilation at admission in the 

United States. This data will serve as a useful comparator for research conducted after 

2014 when the American College of Obstetricians and Gynecologist and the Society for 

Maternal Fetal Medicine published a joint consensus statement citing 6 cm of cervical 

dilation as the threshold for active labor.3 An additional limitation is that intrapartum 

interventions examined in this study were limited to those available in the Consortium on 

Safe Labor dataset. Many interventions used to manage labor are not routinely recorded 

in the electronic medical record. For instance, data was not available for electronic fetal 

monitoring, a procedure that has been reported as being used in 89% of births68 and may 

influence cesarean birth by limiting mobility. Interventions shown to reduce cesarean 

delivery such as non-pharmacological pain management,27 repositioning during labor,71 

continuous labor support,72 and oral intake during labor73 were also not available for 

analysis because these interventions are not routinely documented in the electronic 

medical record.  

Conclusion 
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Findings from this study show that despite their low-risk nature NTSV women 

receive multiple interventions during labor. Fewer women admitted in active labor 

receive interventions during labor, regardless of the total number of interventions applied. 

Furthermore, admission after 4 cm of cervical dilation is associated with a lower 

likelihood of amniotomy, epidural, and oxytocin augmentation applied in combination as 

well as a lower likelihood of cesarean birth. Based on these results, women should be 

encouraged to delay admission until active labor to reduce the use of intrapartum 

interventions and likelihood for cesarean birth. Future research is needed to examine the 

timing and sequence of interventions to determine whether these factors influence the use 

of cesarean birth.  
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Chapter 3: Influence of Hospital and Provider Characteristics on Intrapartum 

Interventions and Cesarean Birth in NTSV Women 

3.1 ABSTRACT 

Objective: To examine the influence of hospital and provider characteristics on the use 

of amniotomy, epidural, oxytocin, and cesarean birth in low-risk women with 

spontaneous onset of labor. 

Methods: This was a cross-sectional, observational study of 17,443 nulliparous singleton 

term vertex deliveries that occurred from 2002-2007 across eight hospitals in the 

Consortium on Safe Labor. 

Results: The overall cesarean birth rate was 13.5% and ranged from 8.8-19.5% across 

hospitals and from 1-80% across providers. Provider specialty had a significant influence 

on provider-level cesarean birth rates. The strongest effect was seen in the MFM 

physicians having more than double the cesarean rate compared to non-MFM physicians 

(Mean=0.40 ± 0.20 versus Mean=0.18 ± 0.12) t (15)= -4.17, p=0.001, d=1.33. Female 

providers had a 22% higher likelihood of using no intrapartum interventions (RR 1.22, 

CI95 1.05-1.41) and were half as likely to attend cesarean births (RR 0.5, CI95 0.42-

0.61). Compared to obstetrician/gynecologist physicians, midwives were nearly twice as 

likely to use no intrapartum interventions (RR 1.81, CI95 1.50-2.19) and were 23% less 

likely to use amniotomy-epidural-oxytocin (RR 0.77, CI95 0.66-0.91). Family practice 

physicians had an 18% lower likelihood of using amniotomy-epidural-oxytocin (RR 0.82, 

CI95 0.70-0.95) and a 55% lower likelihood of performing cesarean deliveries (RR 0.45, 

CI95 0.34-0.58) compared to obstetrician/gynecologist physicians. The only hospital 

characteristic that significantly influenced the use of intrapartum interventions was 
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availability of an as-needed laborist. Compared to having a laborist available 24/7, an as-

needed laborist was associated with a four times higher likelihood of no interventions 

(RR 4.27, CI95 1.43-12.70). Hospital type was the only characteristic that was 

significantly associated with likelihood of cesarean birth, where women delivering at a 

community teaching hospital had a 31% lower likelihood of cesarean birth compared to 

women delivering at a university teaching hospital (RR 0.69, CI95 0.68-0.70). 

Conclusion: Provider practice type and specialty had a moderate to strong influence on 

physician-level cesarean birth rates. Provider sex and practice type also had a significant 

influence on the likelihood of intrapartum intervention use and cesarean birth. These 

results suggest that standardization is needed to reduce variation of intrapartum care and 

the use of cesarean birth across providers.    

Keywords: hospital, provider, intrapartum interventions, cesarean birth  

3.2 INTRODUCTION 

 The US cesarean birth rate has increased dramatically in recent decades, from 

20.7% in 199674 to a current rate of 31.9%.2 This is a public health concern because 

cesarean birth is associated with increased mortality and morbidity. Women who 

experience cesarean birth have a four times higher rate of maternal mortality 3 as well as 

increased risk of blood transfusion, venous thromboembolism, hysterectomy, and placental 

complications in future pregnancies.5–7,61 Neonates delivered by cesarean birth also have 

higher rates of morbidity including asthma, type II diabetes mellitus, and obesity.8–12 

Efforts to address this trend are focused on preventing the first cesarean birth because 90% 

of women who experience cesarean birth will deliver by the same route in subsequent 

pregnancies.17 In particular, prevention is focused on women who are considered low-risk 
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for the procedure, defined as defined as nulliparous, and pregnant with a term singleton, 

gestation in the vertex position (NTSV).   

Research has shown that national cesarean birth rates vary by tenfold across 

hospitals.16 Despite being low-risk for the procedure, NTSV women have even greater 

variation, ranging fifteen-fold from 2.4 to 36.5%.16 Research examining physician-level 

cesarean rates has also found a wide variation across physicians. Evidence has shown that 

physician-level cesarean birth rates ranged from 3% to 42.3%75–77 and among women 

undergoing primary cesarean delivery, rates varied from 9.6% to 31.8%.78 However, 

these studies were conducted 20-30 years ago when cesarean birth rates were much lower 

and therefore results may not be generalizable to the present. A recent study of 

nulliparous cesarean birth rates by labor and delivery nurse found a range of 8.3% to 

48.0%79, but no current evidence was identified in which physician-level cesarean rates 

were examined.  

In 2013, the American College of Obstetricians and Gynecologists (ACOG) and 

the Society for Maternal Fetal Medicine (SMFM) published a joint consensus statement 

on preventing primary cesarean in which clinical practice patterns were identified as a 

factor influencing NTSV cesarean birth rates.3 This link suggests that cesarean birth rates 

vary across hospitals due to differences in practice patterns. In particular, practice 

patterns may differ with respect to the use of intrapatum interventions such as 

amniotomy, epidural anesthesia, and oxytocin augmentation. Some research has shown 

that hospital and provider-level factors influence the use of intrapartum interventions and 

cesarean birth. Hospital characteristics shown to increase risk of cesarean birth include 

status as a tertiary center, having the lowest level of nursery care, and having an 
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obstetrics and gynecology residency program.24,80 In contrast, a lower odds of cesarean 

birth has been associated with the availability of a 24/7 laborist,81 otherwise referred to as 

an obstetricianist or obstetric hospitalist. Regarding provider characteristics, certified 

nurse midwives have been shown to use fewer intrapartum interventions than physicians 

including induction of labor, epidural anesthesia, episiotomy, and instrumental birth.46,47  

The purpose of this study was two-fold. The first aim was to examine the 

influence of provider characteristics on physician-level NTSV cesarean birth rates. The 

second aim was to examine the influence of hospital and provider characteristics on: (1) 

the use of amniotomy, epidural anesthesia, and oxytocin augmentation; and (2) cesarean 

birth in NTSV women. 

3.3 METHODS 

 This was a retrospective, observational study of a subset of participants from the 

Eunice Kennedy Shriver National Institute of Child Health and Human Development, 

National Institutes of Health, Consortium on Safe Labor (CSL). The CSL was a multisite 

retrospective cohort study conducted from 2002-2008. Data were collected for 228,438 

deliveries from electronic medical records across 12 clinical sites comprised of 19 

hospitals, including nine community teaching hospitals, eight university-affiliated 

teaching hospitals, and two non-teaching community hospitals. Hospital- and provider-

level data were collected through a survey administered at each clinical site. The Data 

Coordinating Center of the CSL confirmed that data were an accurate representation of 

the medical record by conducting random verification of critical variables and selected 

confirmation of missing or anomalous data. 
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 The analytic file for this study included women admitted in spontaneous labor 

who were nulliparous and pregnant at term gestation with a single fetus in the vertex 

position (NTSV) (Figure 3.1). Eight hospitals were excluded due to completely missing 

data for one or more intervention variables of primary interest. Another three hospitals 

were excluded because 33-100% of data were missing for provider characteristics. The 

Figure 3.1. Sample selection (n=17,443) 
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resulting analytic file included 17,443 NTSV deliveries attended by 591 providers across 

eight hospitals from 2002-2007.  

Outcomes included use of intrapartum interventions (e.g., amniotomy, epidural 

anesthesia, oxytocin augmentation) and mode of birth (e.g., cesarean, vaginal). Based on 

intra-class correlations for hospital-level effects (amniotomy=0.01, epidural=0.19, 

oxytocin=0.15, cesarean=0.02) and provider-level effects (amniotomy=0.01, 

epidural=0.21, oxytocin=0.16, cesarean=0.15), a multilevel approach was selected. 

Required sample size was calculated a priori based on published effect sizes ranging from 

0.2 to 3.4 for the influence of hospital and provider characteristics on intrapartum 

interventions and cesarean birth.24,42,47,81,82 For most relationships examined in this study 

the maximum required sample size was estimated at n=10,054 to detect an effect at 80% 

power with alpha level (two-sided)=0.05. Except for required sample sizes to detect an 

effect for provider age on cesarean birth and to detect an effect of midwifery care on the 

use of oxytocin augmentation, the sample size of n=17,443 was determined to be 

adequate for most relationships examined in this study.   

Descriptive statistics were used to examine maternal, provider, and hospital 

characteristics as well as the use of intrapartum interventions and cesarean birth across 

hospitals and providers. Of 592 unique providers in the data dataset, 157 providers 

attended fewer than 10 deliveries. Therefore, providers with low birth volumes were 

excluded from provider-level cesarean birth rate calculations, by excluding those in the 

lowest quartile for number of deliveries (<8 deliveries). To ensure that providers with 

nonsurgical practices (i.e., midwives) were excluded from the analyses, those with a 0% 

cesarean rate were also excluded from provider-level cesarean rate analyses. These 
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exclusions resulted in calculation of cesarean birth rates for n=337 physicians. 

Independent t-tests were calculated to examine physician-level cesarean birth rates by 

provider characteristics using p<0.20. Generalized linear mixed modeling was conducted 

to examine the influence of hospital and provider characteristics on intrapartum 

interventions and cesarean birth. Models were adjusted by accounting for maternal age 

and body mass index (BMI) based on evidence that these factors are associated with 

cesarean delivery.21,22,70 Data were obtained after the researchers signed a data use 

agreement. The study was deemed non-human subjects research by the University of 

Maryland Institutional Review Board because the dataset is de-identified. Statistical 

analyses were conducted using SAS version 9.4.   

3.4 RESULTS 

Of the eight hospitals included in the study, two were university-affiliated 

teaching hospitals, four were teaching community hospitals, and two were non-teaching 

community hospitals. Two hospitals were secondary level obstetric care and the 

remainder were tertiary level of care. One hospital had no neonatal intensive care unit 

(NICU), two had a level two specialty NICU, and the rest had a level three subspecialty 

NICU. The number of deliveries that occurred at each hospital in 2006 ranged from 2251 

to 6883 with a mean of 4208 ( 1153). All hospitals had 24-hour coverage by an 

anesthesiologist and an obstetric attending physician. All but two hospitals also had 24-

hour coverage by a laborist. Two hospitals had maternal fetal medicine physicians and 

five had midwives. 
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Table 3.1 shows maternal and provider characteristics. There were 591 providers 

across the eight hospitals in the study. Mean age of providers was 49.0 years ( 9.6) and 

the majority were male (61.4%). The majority of providers were in private practice  

 Table 3.1. Provider and maternal characteristics 

Provider Characteristics (n=591) Mean ± SD 

Age (years) 49.0 ± 9.6 

Sex N (%) 

Male 10651 (61.4) 

Female 6686 (38.6) 

Practice type  

Private 14340 (82.5) 

University faculty 1762 (10.1) 

Clinic 475 (2.7) 

Other 804 (4.6) 

Specialty  

Obstetrician/Gynecologist 13399 (77.1) 

Maternal fetal medicine 299 (1.7) 

Family practice 1479 (8.5) 

Midwife 1814 (10.4) 

Other 390 (2.2) 

Maternal Characteristics (n=17,443) Mean (SD) 

Age (years) 25.1 ± 5.6 

 N (%) 

Race/Ethnicity  

White/Non-Hispanic 11821 (73.2) 

Black/Non-Hispanic 1100 (6.8) 

Hispanic 2430 (15.1) 

Other 790 (4.9) 

Marital Status  

Married 11088 (68.7) 

Single 5459 (33.8) 

Education  

Less than High School 1065 (12.0) 

High School Diploma 2474 (27.8) 

More than High School 5357 (60.2) 

Insurance  

Private 12072 (74.8) 

Public 3935 (24.4) 
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(82.5%). The most common specialty across hospitals was obstetricians/gynecologists 

(OB/GYN) (77.1%), followed by midwives (10.4%) and family practice physicians 

(8.5%). Mean maternal age was 25.1 years ( 5.6) and the majority of women were Non-

Hispanic White (73.2%). Most women were married (68.7%), had more than a high 

school education (60.2%), and had private health insurance (74.8%). 

Clinical practices varied across hospitals (data not shown). Physicians attended 

89.6% of deliveries and 7.5% were attended by midwives. Both a physician and midwife 

attended the remaining 3.0% of deliveries. Approximately half of women received 

amniotomy (52.3%) and the rate varied from 48.5% to 59.8% across hospitals. Half of 

women received oxytocin augmentation (49.6%) and the rate ranged from 24.0% to 

83.2% across hospitals. The vast majority of women received epidural anesthesia (82.1%) 

and the rate ranged from 59.8% to 95.3% across hospitals.  

Hospital- and physician-level cesarean birth rates are shown by hospital in Figure 

3.2. Hospital-level cesarean birth rates ranged from 8.8% to 19.5%. Cesarean birth rates 

ranged from 1% to 80% for the n=337 physicians included in the analysis. The majority 

of physicians had cesarean rates ranging from 2% to 40%. Hospital 6 had the widest 

range of physician-level cesarean rates, from 2% to 80%. Hospital 1 had the smallest 

range, from 8% to 30%, as well as the fewest number of physicians (n=14). Provider 

characteristics that had a significant influence on provider-level cesarean rates were sex, 

practice type as a private practitioner, practice type as a university faculty, MFM 

specialty, and family practice specialty (Table 3.2). Female providers had a lower 

cesarean birth rate (Mean=0.16 ± 0.10 versus Mean=0.20 ± 0.14), t (115) = 2.75, 

p=0.006, d=0.33. Private practice physicians had a lower cesarean rate (Mean=0.18 ± 
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0.12), t (275)=2.37, p=0.021, d=0.34 compared to non-private practice physicians 

(Mean=0.23 ± 0.17). University faculty had a higher cesarean rate (Mean=0.27 ± 0.18), t 

(30)=-2.59, p=0.015, d=0.59 compared to non-university faculty (Mean=0.18 ± 0.12). 

MFM physicians had more than double the cesarean rate compared to non-MFM 

physicians and this relationship had the largest effect size of any provider characteristic 

examined (Mean=0.40 ± 0.20 versus Mean=0.18 ± 0.12), t (15)=-4.17, p=0.001, d=1.33. 

Family practice physicians had a lower cesarean rate compared to non-family practice 

physicians (Mean=0.13 ± 0.12 versus Mean=0.20 ± 0.13), t (42)=2.87, p=0.004, d=0.48.  

The results of generalized linear mixed models examining the relationships 

between provider characteristics and interventions as well as between provider 

characteristics and cesarean birth are presented in Table 3.3. Models adjusting for 

Figure 3.2. Hospital and physician-level cesarean birth rate by hospital. a Each red represents one hospital.  
b Each grey dot represents one physician. 

 

 

Figure 2.1. Coyle and Battle version of the Donabedian ModelFigure 3.3. Provider-level cesarean birth rate 

by hospital (n=337). a Each dot represents one provider. 
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maternal age and BMI showed little to no difference in results (data not shown). Female 

providers were 22% more likely to use no interventions (RR 1.22, CI95 1.05-1.41) and 

were less likely to use amniotomy (RR 0.89, CI95 0.82-0.96) and epidural (RR 0.82, 

CI95 0.72-0.93). Female providers were also half as likely to attend cesarean births (RR 

0.50, CI95 0.42-0.61). In comparison with private practice physicians, clinic physicians 

were 42% less likely to use epidural (RR 0.58, CI95 0.42-0.79) and were half as likely to 

attend cesarean births (RR 0.49, CI95 0.28-0.83). Physicians in other practice types (i.e., 

federal, state, or county  

Table 3.2. T-tests comparing physician-level cesarean birth rates by physician characteristics 

 Cesarean Rate     

 M SD n t-value df p-value Cohen’s d 

Sex        

Female  0.16 0.10 115 2.75c 297 0.006 0.33 

Male 0.20 0.14 218     

Practice Type        

Private         

Yes 0.18 0.12 275 2.37c 71.8 0.021 0.34 

No 0.23 0.17 60     

University Faculty        

Yes 0.27 0.18 30 -2.59c 31.7 0.015 0.59 

No 0.18 0.12 305     

Clinic Physician        

Yes 0.20 0.09 9 -0.29 333 0.772 0.09 

No 0.19 0.13 326     

Other        

Yes 0.20 0.18 21 -0.28c 21.5 0.785 0.06 

No 0.19 0.13 314     

Specialty type        

OB/GYN a        

Yes 0.19 0.12 261 0.40c 92.15 0.693 0.05 

No 0.19 0.17 74     

MFM b        

Yes 0.40 0.20 15 -4.17c 14.4 0.001 1.33 

No 0.18 0.12 320     

Family Practice        

Yes 0.13 0.12 42 2.87 333 0.004 0.48 

No 0.20 0.13 293     
a OB/GYN is obstetrician/gynecologist b MFM is maternal fetal medicine c Equal  

variances not assumed 
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employee) were 31% less likely to use epidural (RR 0.69, CI95 0.52-0.92). There were 

also many significant relationships between provider specialty and the use of intrapartum 

interventions and cesarean birth. Compared to OB/GYN specialists, maternal-fetal 

medicine (MFM) specialists were 55% more likely to use no interventions (RR 1.55, 

CI95 1.07-2.25) and amniotomy (RR 1.35, CI95 1.04-1.75). However, MFM specialists 

were less likely to use epidural (RR 0.65, CI95 0.47-0.90). Additionally, MFM 

physicians were nearly twice as likely as OB/GYN specialists to perform cesarean 

deliveries (RR 1.95, CI95 1.35-2.82). In comparison with OB/GYN specialists, family 

practice physicians were less likely to use epidural (RR 0.73, CI95 0.58-0.92), oxytocin 

(RR 0.86, CI95 0.74-0.99), and the combination of amniotomy-epidural-oxytocin (RR 

0.82, CI95 0.70-0.95). Additionally, family practice physicians were 55% less likely to 

perform cesarean deliveries (RR 0.45, CI95 0.34-0.58). Compared to OB/GYN 

specialists, midwives were more likely to apply no interventions (RR 1.81, CI95 1.50-

2.19). Midwives were less likely to use amniotomy (RR 0.86, CI95 0.76-0.97), epidural 

(RR 0.48, CI95 0.41-0.57), oxytocin (RR 0.78, CI95 0.68-0.90) and the combination of 

amniotomy-epidural-oxytocin (RR 0.77, CI95 0.66-0.91). Other specialties (i.e., 

reproductive endocrinologists, urologist gynecologists, fellows, and resident physicians) 

were more likely than OB/GYN specialists to use amniotomy (RR 1.40, CI95 1.11-1.77) 

but less likely to use epidural (RR 0.68, CI95 0.51-0.90). Other specialists were also less 

likely than OB/GYN specialists to perform cesarean deliveries (RR 0.65, CI95 0.43-

0.99).  

Few hospital characteristics were significantly associated with the use of 

intrapartum interventions and cesarean birth (data not shown). Moreover, adjusting for 
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maternal age and BMI had little effect on results. Women delivering at a community 

teaching hospital had a 31% lower likelihood of cesarean birth compared to women 

delivering at a university teaching hospital (RR 0.69, CI95 0.68-0.70). In comparison 

with having a 24/7 laborist available, having a laborist on an as-needed basis was 

associated with four times greater likelihood of no interventions (RR 4.27, CI95 1.43-

12.7). However, having an as-needed laborist was associated with a lower likelihood of 

amniotomy (RR 0.96, CI95 0.72-1.28), epidural (RR 0.19, CI95 0.06-0.63), and oxytocin 

(RR 0.24, CI95 0.07-0.79), and use of amniotomy-oxytocin-epidural (RR 0.27, CI95 

0.12-0.59). 
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3.5 DISCUSSION 

Summary  

Results showed that providers had a greater variation in cesarean rates (1%-80%) 

than the eight hospitals included in the study (8.8% to 19.5%). The overall cesarean birth 

rate of 13.5% in this study is lower than the national NTSV rate of 26% in 2014.59 

However, the overall cesarean birth rate was 23.9% for all NTSV women in the 

Consortium on Safe Labor regardless of reason for admission (e.g., spontaneous onset of 

labor, induction of labor, pre-labor cesarean). Therefore, the low cesarean birth rate in 

this study may have been due to exclusion of women undergoing induction of labor and 

pre-labor cesarean. Despite the effect of excluding women whose labor was induced, the 

hospital-level cesarean birth rates in this study were within the 2.4% to 47.3% range that 

has been observed in other studies examining NTSV deliveries in the United 

States.16,24,83–85  

Physician-level cesarean birth rates varied by eighty-fold in this study. This range 

was much greater than the 3% to 31.8% variation that was previously observed in studies 

conducted 20-30 years ago.75–77 Although data from this study were from 2002-2007, no 

other more recent study that has examined provider-level cesarean delivery rates was 

identified. In addition to the results of this study showing a wide variation across 

hospitals, physician-level cesarean birth rates varied widely within hospitals. Some of 

this variation may be explained by the influence of physician characteristics, such as sex, 

practice type, and specialty, on cesarean birth rates. For example, findings that cesarean 

delivery rates were higher among university faculty physicians show that these 

physicians may be practicing differently than others. A higher rate among MFM 
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physicians may be expected given that these physicians specialize in care of high-risk 

pregnancies whereas a lower cesarean rate among family practice physicians may reflect 

care of a lower risk population. These results suggest that for providers who do not 

specialize in high-risk pregnancies, practice patterns may be a modifiable factor to reduce 

cesarean birth rates, particularly among NTSV women.   

The influence of provider characteristics on the use of intrapartum interventions 

has only been examined with respect to differences in midwife-led care versus other 

models of care. A Cochrane systematic review found that in comparison with other 

models of care, midwife-led care was associated with a lower likelihood of amniotomy 

(RR 0.80, CI95 0.66-0.98), epidural (RR 0.83, CI95 0.76-0.90), and oxytocin 

augmentation (RR 0.89, CI95 0.79-1.01).44 Findings in this study were similar, showing 

that midwives were less likely to use amniotomy (RR 0.86, CI95 0.76-0.97), epidural 

(RR 0.48, CI95 0.41-0.57), oxytocin (RR 0.78, CI95 0.68-0.90) compared to OB/GYN 

specialists.  

Regarding the association between provider characteristics and the use of 

cesarean birth, agreement between results in this study and the existing evidence was 

mixed. Two studies showed similar findings that male providers had twice the likelihood 

of performing cesarean deliveries. Mitler et al. found that male providers had a 38% 

higher likelihood of cesarean birth (OR 1.38, CI95 1.00-1.88).45 A study by Haberman et 

al. using data from all 19 hospitals in the Consortium on Safe Labor and including 

women who were induced showed that male providers had a 21% higher likelihood of 

cesarean birth (RR 1.21, CI95 1.09-1.16).43 Haberman et al. also found that university 

faculty had a higher likelihood of cesarean birth (RR 1.13, CI95 1.09-1.16) compared to 
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private practice physicians. In contrast, findings in this study showed that university 

faculty had a lower likelihood of cesarean birth in comparison with private practice 

physicians (RR 0.91, CI95 0.65-1.28). This difference may be due to sample selection 

where Haberman et al. included eight university-affiliated teaching hospitals and this 

study included two university hospitals. Additionally, evidence is mixed regarding the 

influence of induction of labor on cesarean birth. By including women who were 

induced, Haberman et al. may have introduced a confounder that was not present in this 

study. 

The findings in this study showing significant relationships between hospital 

characteristics and intrapartum interventions as well as between hospital characteristics 

and cesarean birth have not been examined elsewhere in the literature. Results in this 

study show that women delivering at community teaching hospitals had a 30% lower 

likelihood (RR 0.69, 0.68-0.70) of cesarean birth compared to university-affiliated 

teaching hospitals. The most similar study found that compared to a community hospital, 

there was a three times higher likelihood of cesarean birth at a tertiary level hospital (OR 

3.4, OR 95 2.1-5.4). In this study, having a laborist available on an as needed basis was 

associated with a 34% lower likelihood of cesarean birth (RR 0.66, CI95 0.40-1.11) 

although results were not found to be significant. A similar study by Iriye et al. found that 

having a full-time laborist was associated with a 33% lower likelihood of cesarean birth 

(OR 0.73, CI95 0.64-0.83). As discussed by Iriye et al., the traditional hospitalist model 

has extended into labor and delivery in the last decade and there are several different 

obstetrical hospitalist (i.e. laborist) models.41 Thus, it is difficult to differentiate among 

these types of care across hospitals.  
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Limitations 

 Due to the use of a convenience sample, the results of this study have limited 

generalizability. Although associations may be drawn from these observational data 

regarding the relationship between provider characteristics and clinical practice patterns, 

it is not possible to rule out confounding variables that may influence these decisions. For 

example, some proportion of women in the study would require cesarean birth to achieve 

optimal maternal and neonatal outcomes regardless of hospital or provider factors that 

may influence this decision. Patient preference may also play a role, particularly with 

respect to the use of intrapartum interventions to manage pain or augment labor in order 

to expedite birth. Additionally, hospital policies and nursing care may have also 

influenced the use of interventions and the decision to proceed with cesarean birth.  

Another limitation of this study is that some assumptions were made due to 

constraints of using existing data. Although several providers may have participated in 

the management of labor, these data were not available in the dataset. The provider 

attending delivery was assumed to also be the provider who managed labor, however this 

attribution may not be accurate due to handoff of care over the course of labor. 

Researchers examining the link between labor nurses and cesarean birth have 

acknowledged a similar challenge where nurses who are attributed to a cesarean birth 

may not have influenced the outcome to a greater extent than other nurses involved in 

care.79 A prospective study design is needed to collect data that accounts for changes in 

provider coverage over the course of labor.  
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Conclusion 

This observational study shows that there is wide variation in physician-level 

cesarean birth rates within hospitals. However, provider characteristics do not fully 

explain the variation in rates. Differences in practice patterns with regard to the use of 

intrapartum interventions may explain some variation across provider specialties. 

Research is needed to further explore provider influence on cesarean birth. In particular, 

the development of more advanced methods to account for provider attribution would 

facilitate better modeling of provider influence on the use of intrapartum interventions. 

Having a clearer understanding of differences in provider practice may explain the 

variation in physician-level cesarean birth rates. 
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Chapter 4: Influence of Amniotomy, Epidural Anesthesia, and Oxytocin 

Augmentation on Cesarean Birth in Low-Risk Pregnancies  

4.1 ABSTRACT 

Purpose: Although some research has examined the influence of intrapartum 

interventions on cesarean birth, most evidence has only focused on interventions used 

individually or in pairs. The purpose of this study was to examine the influence of 

amniotomy, epidural anesthesia, and oxytocin augmentation used individually and in 

combination on cesarean birth in low-risk women in spontaneous labor.  

Methods: This was a retrospective observational study of 26,259 nulliparous, singleton, 

term gestation, vertex births (NTSV) that occurred from 2002-2007 across eleven 

hospitals in the Consortium on Safe Labor.  

Results: Women who delivered vaginally more often received epidural only (15.1%) 

compared to those who underwent cesarean birth (6.7%). In contrast, women receiving 

epidural-oxytocin more often delivered by cesarean birth (37.5% versus 28.0% vaginal 

birth). The same trend was noted for women who received amniotomy-epidural-

anesthesia (38.0% cesarean birth versus 29.4% vaginal birth). Compared with women 

who received no interventions, those receiving amniotomy only (RR 1.59, CI95 1.28-

1.98) and oxytocin only (RR 1.64, CI95 1.22-2.21) had a significantly increased 

likelihood of cesarean birth. Likelihood of cesarean birth increased when amniotomy and 

oxytocin were paired with additional interventions. Women who received all three 

interventions had nearly twice the likelihood of cesarean birth compared to those who 

received no interventions (RR 1.84, CI95 1.53-2.21).  

Conclusion: Likelihood of cesarean birth is increased when amniotomy, epidural 
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anesthesia, and oxytocin augmentation are applied as a pair or a combination of all three 

interventions. Given the increased risk of cesarean birth associated with these 

interventions, the combined use of intrapartum interventions should be carefully 

considered relative to the risk of cesarean birth. 

Keywords: intrapartum interventions, cesarean birth, low-risk pregnancy 

4.2 INTRODUCTION 

The current cesarean birth rate of 31.9% in the United States2 exceeds the 

threshold to achieve optimal maternal and neonatal outcomes. Studies examining 

international cesarean birth rates have shown that maternal and neonatal mortality do not 

decline at cesarean rates above 10-19%.13,14 Even among low-risk women, defined as 

nulliparous and pregnant at term gestation with a single fetus in the vertex position 

(NTSV), the national cesarean rate of 26%59 exceeds the Healthy People 2020 goal of 

23.9%.86 Although factors such as older maternal age and obesity are positively 

associated with cesarean birth,21,22,70 these factors do not explain a tenfold variation in 

cesarean rates across hospitals.16,83,87 Among NTSV women in particular, cesarean birth 

rates vary fifteen-fold across hospitals despite that lower variation would be expected due 

to a lower clinical risk.16 Some research suggests that variation in cesarean birth rates is 

attributable to differences in provider practice patterns.16,85,88,89  

One area where practice patterns may differ is the use of intrapartum interventions 

such as amniotomy, epidural analgesia, and oxytocin augmentation. A small body of 

literature has shown that admission to the hospital may initiate a cascade of interventions 

where one intervention leads to the next, resulting in higher likelihood of cesarean 

birth.30,31,67 Multiple Cochrane systematic reviews have explored the effect of one or two 
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intrapartum interventions on cesarean birth but results differ based on whether the review 

examined a single intervention or a pair of interventions. For instance, early amniotomy 

is associated with an increased likelihood of cesarean birth48 but early amniotomy 

combined with early oxytocin reduced the likelihood of cesarean birth.49 Similarly, the 

use of epidural showed a slight increase in the likelihood of cesarean birth,50 but oxytocin 

augmentation in women also receiving epidural anesthesia showed a decreased likelihood 

of cesarean birth.51 

Although existing literature provides insights about the influence of interventions 

used individually or in pairs on cesarean birth, evidence shows that the majority of 

women in the United States receive three or more intrapartum interventions.68 Evidence 

is lacking to explain the influence of the combined use of intrapartum interventions on 

cesarean birth. Additionally, most existing research examining the relationship between 

intrapartum interventions and cesarean birth is not focused on low-risk NTSV women. 

The objective of this study was to examine the influence of amniotomy, epidural 

anesthesia, and oxytocin augmentation used individually and in combination on cesarean 

birth in NTSV women with spontaneous onset of labor. 

4.3 METHODS 

 This study used data from the Consortium on Safe Labor (CSL), a retrospective, 

multi-center observational study from the Eunice Kennedy Shriver National Institute of 

Child Health and Human Development of the National Institutes of Health. The CSL 

collected data for 228,438 births across 19 hospitals in the United States from 2002-2008, 

including nine teaching hospitals, eight university-affiliated teaching hospitals, and two 

non-teaching community hospitals. Data were extracted from the electronic medical 
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record for maternal demographics, prenatal history, labor and delivery events, and 

maternal and newborn delivery outcomes.  

 Figure 1 shows the exclusion criteria used to create the analytic file for this study. 

The following exclusion criteria were applied: spontaneous rupture of membranes 

without onset of labor, induction of labor, or pre-labor cesarean; multiparity; preterm 

(<37 weeks), post-term (>42 weeks), or still birth; multiple gestation; and non-vertex 

fetal position. Eight hospitals were excluded due to completely missing data for one or 

more intrapartum intervention variables of interest. The resulting analytic file included 

26,259 NTSV deliveries that occurred across 11 hospitals from 2002-2007.  

Intra-class correlations (ICC) were calculated to account for possible clustering 

effects at the hospital and provider levels. Based on intra-class correlations of 0.15 for the 

hospital-level effect and 0.26 for the provider-level effect, a multilevel approach was 

selected. Using intra-class correlation results, design effects were found to be 5.59 for 

hospital-level clusters and 7.2 for provider-level clusters. Required sample size was 

calculated a priori based on published effect sizes for the influence of amniotomy 

(RR=1.15), epidural (RR=1.1), oxytocin (RR=2.18), amniotomy-oxytocin (RR=0.89), 

and epidural-oxytocin (RR=0.95) on cesarean birth.48–51,90 Except for two relationships 

(epidural only and cesarean birth, epidural-oxytocin and cesarean birth) maximum 

required sample size was estimated at n=26071 to detect an effect at 80% power with 

alpha level (two-sided)=0.05. Therefore, the sample size of n=21,858 was determined to 

be adequate to detect an effect for most relationships examined in this study.   

Chi-square and independent t-tests were performed to compare groups by mode of 

delivery (e.g. cesarean versus vaginal). P-values <0.05 were considered strong evidence 
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against the null hypothesis. Generalized linear mixed modeling was conducted to 

examine the relationship between intrapartum interventions used individually and in 

combination with cesarean birth. Based on evidence that maternal age and body mass 

Figure 4.1. Sample selection (n=26,259) 
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index (BMI) are associated with cesarean delivery,21,22,70 adjusted models were also 

calculated to account for these covariates. Data analyses were conducted using SAS 

version 9.4. 

4.4 RESULTS 

Table 4.1 describes characteristics of the sample by mode of delivery. Of the 

26,259 deliveries in this study, n=3,596 (13.7%) occurred by cesarean birth. Women who 

delivered by cesarean were on average two years older (Mean 26.26 years ± 6.0) than 

women who delivered vaginally (Mean 24.22 years ± 5.3) (p<0.0001). Women who 

delivered by cesarean also had a greater body mass index (BMI) (Mean 31.84 ± 6.4) 

compared to women who delivered vaginally (Mean 29.12 ± 5.1) (p<0.0001). The 

majority of women in both groups were White/non-Hispanic, but there was a 

significantly higher percentage of White/non-Hispanic women in the vaginal delivery 

group (64.0%) compared to the cesarean group (58.9%) (p<0.0001). There were 

significantly more Black/non-Hispanic women in the cesarean birth group (16.6%) 

compared to the vaginal delivery group (12.5%) (p<0.0001). The majority of women 

were married, with similar rates in the vaginal delivery group (61.1%) and the cesarean 

birth group (61.2%). The percentage of divorced women in the cesarean birth group 

(1.1%) was significantly greater compared to the vaginal delivery group (0.7%) (p=0.01). 

In both groups the majority had more than a high school education and private insurance.  

Figure 4.2 shows the percentage of women who received each combination of 

interventions by delivery mode, where the denominators are the total number of women 

in the vaginal birth group and total number of women in the cesarean birth group, 

respectively. Among all possible combinations of interventions, amniotomy-epidural-



54 

 

oxytocin was applied most often regardless of delivery mode. A greater percentage of 

women in the vaginal birth group received no interventions (3.6%) compared to the 

cesarean birth group (1.7%). A greater proportion of women in the vaginal birth group 

also received epidural only (15.1%) compared to those in the cesarean birth group 

(6.7%). In contrast, a higher proportion of women in the cesarean birth group received 

epidural-oxytocin (37.5%) compared with those in the vaginal birth group (28.0%). There 

 

Table 4.1. Demographic characteristics by delivery mode (n=26,259) 

 

 

Vaginal 

n=22656  

(86.3%) 

Cesarean 

n=3596  

(13.7%) 

 

 

 

Paired t-test 

(p-value) 
  

Mean (SD) 

 

Mean (SD) 

Age (years) 24.22 (5.3) 26.26 (6.0) <0.0001 

Body Mass Index 

 

29.12 (5.1) 31.84 (6.4) <0.0001 

  

N (%) 

 

N (%) 

Chi-squared  

(p-value) 

Race/Ethnicity    

White/Non-Hispanic 13709 (64.0) 2025 (58.9) <0.0001 

Black/Non-Hispanic 2677 (12.5) 571 (16.6) <0.0001 

Hispanic 3294 (15.4) 506 (14.7) 0.33 

Other 1756 (8.2) 334 (9.7) <0.001 

Marital Status    

Married 

Divorced 

13198 (61.1) 

140 (0.7) 

2117 (61.2) 

37 (1.1) 

0.91 

0.01 

Single 8281 (38.3) 1308 (37.8) 0.56 

Education    

Less than High School 1389 (15.3) 178 (13.1) 0.03 

High School Diploma 2501 (27.6) 422 (31.0) 0.01 

More than High School  5165 (57.0) 761 (55.9) 0.43 

Insurance    

Private 14855 (70.1) 2444 (72.4) <0.001 

Public 6339 (29.9) 930 (27.6) <0.001 
a Percentages are valid  
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was also a higher proportion of women in the cesarean birth group that received 

amniotomy-epidural-anesthesia (38.0%) compared with the vaginal birth group (29.4%).  

 

 

Table 4.2 shows the relative risk of cesarean birth associated with each 

combination of intrapartum interventions. Models adjusting for maternal age and BMI are 

not shown as there was little difference when accounting for these variables. Compared 

with women receiving no interventions, those receiving any combination of interventions 

had an 18% to 93% increased likelihood of having a cesarean birth. The relative risk of 

cesarean birth rose as the number of interventions increased from the application of a 

single intervention to the application of a pair of interventions. For example, women 
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receiving amniotomy only had a 59% increased likelihood of cesarean birth (RR 1.59, 

CI95 1.28-1.98) whereas women receiving amniotomy-epidural (RR 1.64, CI95 1.37-

1.96) or amniotomy-oxytocin (1.91, CI95 1.40-2.60) had a greater likelihood of cesarean 

birth. This trend was also shown in women receiving epidural only (RR 1.18, CI95 0.98-

1.42) compared to those receiving amniotomy-epidural (RR 1.64, CI95 1.37-1.96) or 

epidural-oxytocin (RR 1.93, CI95 1.61-2.31). Similarly, women who received oxytocin 

only had a lower likelihood of cesarean birth (RR 1.64, CI95 1.22-2.21) compared with 

those receiving amniotomy-oxytocin (RR 1.91, CI95 1.40-2.31) or epidural-oxytocin (RR 

1.93, CI95 1.61-2.31). Models adjusting for maternal age and BMI showed little to no 

difference in results (data not shown). 

Table 4.2. Relative risk of cesarean birth by intrapartum interventions 

 N (%) RR (CI 95%) 

No Interventions 2248 (9.1) 1.0 

Amniotomy Only 1645 (6.7) 1.59 (1.28-1.98) 

Epidural Only 4601 (18.7) 1.18 (0.98-1.42) 

Oxytocin Only 600 (2.4) 1.64 (1.22-2.21) 

Amniotomy-Epidural 4870 (19.8) 1.64 (1.37-1.96) 

Amniotomy-Oxytocin 458 (1.9) 1.91 (1.40-2.60) 

Epidural-Oxytocin 5256 (21.3) 1.93 (1.61-2.31) 

Amniotomy-Epidural-Oxytocin 4967 (20.2) 1.84 (1.53-2.21) 

   

   

4.5 DISCUSSION 

Summary  

Despite being a low-risk cohort with spontaneous onset of labor, only 3.6% of 

women who delivered vaginally received none of the interventions of interest and this 

percentage was even lower among cesarean births (1.7%). No studies were identified that 

have examined national rates of intrapartum intervention use in NTSV women in the 
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United States. However, a nationally representative survey conducted in 2013 found that 

the majority of women reported receiving multiple intrapartum interventions, including 

continuous electronic fetal monitoring (89%), epidural anesthesia (62%), and exogenous 

oxytocin (50%).37 Similar to these survey results, findings in this study showed that 

epidural was the most frequently applied intervention, both as a single intervention and in 

combination with other interventions. High frequency of epidural use might be expected 

given the position of the American College of Obstetricians and Gynecologists (ACOG) 

that women in labor in the hospital setting should receive pharmacologic analgesia upon 

request.91 The finding that the vast majority of women received two or more interventions 

shows that in addition to frequent use of epidural for pain management, labor was 

routinely augmented either by amniotomy or oxytocin infusion. About half of women 

received augmentation by amniotomy or oxytocin, and approximately 20% received both 

amniotomy and oxytocin. It is noteworthy that deliveries in this dataset occurred prior to 

the 2017 ACOG position statement that discourages routine amniotomy in low-risk 

women with normally progressing labor unless the intervention is required for internal 

fetal monitoring.92 Although the births that occurred in this sample took place from 2002-

2007, this study provides benchmark data that can serve as a comparison for future 

measurement of the prevalence of intrapartum interventions such as amniotomy in low-

risk women.   

This study showed that likelihood of cesarean birth varied depending on the type 

and combination of intrapartum interventions. Results showing that epidural was 

associated with a small but non-significant increased likelihood of cesarean birth (RR 

1.18, CI95 0.98-1.42) are similar to results from a systematic review that showed the 
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same relationship (RR 1.10, CI95 0.97, 1.25). Whereas in this study epidural-oxytocin 

was associated with an even greater likelihood of cesarean birth (RR 1.93, CI95 1.61-

2.31), a systematic review found that women receiving epidural-oxytocin had a decreased 

likelihood of cesarean birth (RR 0.95, CI95 0.42-2.12).51 In this study, amniotomy alone 

was associated with an increased likelihood of cesarean birth (RR 1.59, CI95 1.28-1.98). 

These results are similar to the findings of a systematic review examining the same 

relationship (RR 1.15, CI95 0.88-1.51).48 In contrast, findings in this study showed a 

greater increased likelihood of cesarean birth associated with amniotomy-oxytocin (RR 

1.91, CI95 1.40-2.60) whereas a systematic review found that early amniotomy combined 

with early oxytocin reduced the risk of cesarean birth (RR 0.89, CI95 0.79, 1.01).49 The 

sequence of interventions was not analyzed in this study due to large amounts of missing 

data for the timing of intervention initiation. Without accounting for sequence of 

interventions, it is difficult to determine whether interventions were used to address poor 

labor progression or whether one intervention led to the next, resulting in an increased 

likelihood of cesarean birth.   

Research examining the combined use of amniotomy, epidural anesthesia, and 

oxytocin augmentation is limited to studies conducted outside of the United States. Tracy 

et al. (2007)31 conducted a cross-sectional study of a large cohort (n=753,895) of 

nulliparous and multiparous women in Australia to examine the association between 

interventions used during labor (e.g., epidural and oxytocin) and mode of delivery (e.g., 

operative vaginal delivery and cesarean delivery). Unlike in this study, in which 

induction of labor was an exclusion criterion, Tracy et al. (2007) grouped women 

receiving oxytocin augmentation with those receiving oxytocin for induction of labor. 
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The authors found that 71.2% of nulliparous women received at least one intervention in 

comparison with 91% of women in this study. Nearly one-third of women received 

epidural-oxytocin and another 9.6% of women received epidural only. In contrast, 

findings in this study showed that 21.3% of women received oxytocin-epidural and 

18.7% received epidural only. Tracy et al. (2007) also found that 15.5% of nulliparous 

women had a cesarean birth. The cesarean rate of 13.8% in this study was similar to that 

of Tracey et al. (2007), but low compared to the national NTSV cesarean birth rate of 

26% in 2014.59 Whereas Tracy et al. (2007) included both women with spontaneous onset 

of labor and induction of labor, the sample in this study included only women with 

spontaneous onset of labor. It should be noted that the overall NTSV cesarean birth rate 

in the Consortium on Safe Labor was 23.9% regardless of type of admission (e.g., 

spontaneous onset of labor, induction of labor, pre-labor cesarean). 

In contrast with results in this study, research conducted in Germany by Petersen 

et al.53 reflects a lower intervention approach during the intrapartum period. Petersen et 

al. 53 conducted a longitudinal multi-center cohort study of nulliparous and multiparous 

women (n=3,955) in Germany to examine the association between intrapartum 

interventions (e.g., amniotomy, epidural and oxytocin augmentation) and labor length and 

mode of delivery. The authors found that 73.2% of nulliparous women received at least 

one intrapartum intervention whereas 91% of women in this study received at least one 

intervention. In contrast with findings in this study showing that epidural was the most 

commonly used intervention overall (80%), Petersen et al.53 found that oxytocin 

augmentation was the most frequently applied intervention among nulliparous women 

(52.6%), followed by amniotomy (34.5%) and epidural anesthesia (34.2%). Petersen et 
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al. reported a 17.8% cesarean delivery rate for nulliparous women in their study, however 

they did not differentiate what proportion of these women underwent induction versus 

those who presented in spontaneous labor.  

Limitations 

Several limitations of this study must be acknowledged. First, the births in this 

dataset occurred from 2002-2007 and therefore may not reflect current practice. Despite 

this limitation, this study fills a critical gap where previous research has not examined the 

relationship between the use of multiple interventions and likelihood of cesarean birth. 

Having a greater understanding of the cumulative effect of multiple interventions is 

necessary because evidence shows that the majority of women in the United States 

receive multiple interventions.93  

A second limitation is that several possible confounding variables that may 

influence the likelihood of cesarean birth were not accounted for in this study. For 

example, some interventions have been shown in the literature to decrease the likelihood 

of cesarean birth, including the use of non-pharmacological pain management,27 

repositioning during labor,71 continuous labor support,72 and oral intake during labor.73 

Additionally, communication and decision-making may play a role in the use of 

interventions and cesarean birth. However, these variables are not routinely recorded in 

the electronic medical record and require future research involving a prospective design.  

A third limitation is that an examination of the timing and sequence of 

interventions was not feasible due to large amounts of missing data for these variables. It 

should be noted that the cesarean birth rate in this study of 13.7% was lower than the 

overall NTSV cesarean birth rate of 23.9% in the Consortium on Safe Labor for all types 
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of admission (e.g., spontaneous onset of labor, induction of labor, pre-labor cesarean). 

One explanation is that the low cesarean birth rate in this study is due to the exclusion of 

women who underwent induction of labor. Therefore, future research should include an 

analysis of the timing and sequence of interventions that includes a comparison between 

women with spontaneous onset of labor versus those undergoing induction of labor.  

Conclusion 

Findings from this study show that likelihood of cesarean birth varies depending 

on whether intrapartum interventions are applied individually or in combination. Despite 

the limitations of this study, these results contribute to the knowledge about how practice 

patterns influence the use of cesarean birth. Future research is needed to examine the 

effect of timing and sequence of intrapartum interventions on cesarean birth.   
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Chapter 5: Discussion 

 Chapters two, three, and four were completed as manuscripts that address the 

three specific aims of this dissertation. This final chapter provides a summary of findings 

as well as a discussion of strengths and limitations, implications for policy and practice, 

and recommendations for future research.  

5.1 SUMMARY OF FINDINGS 

Aim 1: Determine if cervical dilation at admission (e.g., 3-4 cm, 4-5 cm, 6-10 

cm) predicts the number and pattern of labor management interventions (e.g., 

amniotomy, epidural anesthesia, oxytocin augmentation) used individually and in 

combination as well as cesarean birth for NTSV women with spontaneous onset of labor. 

Hypothesis: NTSV women admitted in spontaneous labor at greater than 4 cm cervical 

dilation are less likely to receive a greater number of interventions, receive a combination 

of all three interventions, and have a cesarean birth. 

Overall, there was strong evidence to accept the alternative hypothesis. Results 

showed that regardless of the total number of interventions applied (1, 2, or 3) a greater 

percentage of women admitted prior to 3 cm dilation received labor management 

interventions compared to women admitted at 4-5 cm or 6-10 cm dilation. Women were 

55% less likely to receive the combination of amniotomy, epidural, and oxytocin when 

admitted at 6-10 cm (RR 0.40, CI95 0.35-0.46) compared to those admitted at 0-3 cm. 

Likelihood of cesarean birth was lower for women admitted at 4-5 cm (RR 0.44, CI95 

0.40-0.49) and 6-10 cm dilation (RR 0.20, CI95 0.17-0.24) compared to those admitted at 

0-3 cm dilation. Despite that existing research has used varying benchmarks to 

distinguish early labor from active labor, the results from this dissertation are consistent 
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with findings showing a lower likelihood of cesarean delivery associated with admission 

at more advanced dilation.32–36 

Aim 2: Determine if provider characteristics (e.g., sex, practice type, specialty) 

and hospital characteristics (e.g., hospital type, obstetrics level, NICU level, availability 

of a laborist, availability of select obstetric and neonatal providers) predict patterns of 

labor management interventions (used individually and in combination) and cesarean 

birth for NTSV women with spontaneous onset of labor. Hypothesis: A physician 

provider and availability of a 24/7 laborist will independently predict the likelihood of 

interventions used individually and in combination as well as cesarean birth for NTSV 

women with spontaneous onset of labor.  

Providers had a greater variation in cesarean rates (1% to 80%) compared to the 

variation among eight hospitals included in the study (8.8% to 19.5%). MFM specialists 

had a higher cesarean birth rate compared to non-MFM specialists and family practice 

physicians had a lower cesarean birth rate compared to non-family practice physicians. 

There was strong evidence to accept the alternative hypothesis that a physician provider 

independently predicts the likelihood of interventions used individually and in 

combination. Compared to obstetrician/gynecologist (OB/GYN) physicians, midwives 

were nearly twice as likely to use no intrapartum interventions (RR 1.81, CI95 1.50-2.19) 

and were 23% less likely to use amniotomy-epidural-oxytocin (RR 0.77, CI95 0.66-0.91). 

Additional results showed that female providers had a 22% higher likelihood of using no 

intrapartum interventions (RR 1.22, CI95 1.05-1.41) and were half as likely to perform 

cesarean deliveries (RR 0.5, CI95 0.42-0.61). Family practice physicians also had a lower 

likelihood of using amniotomy-epidural-oxytocin (RR 0.82, CI95 0.70-0.95) and 
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performing cesarean deliveries (RR 0.45, CI95 0.34-0.58) compared to 

obstetrician/gynecologists.  

There was strong evidence to accept the alternative hypothesis that availability of 

a 24/7 laborist independently predicts the likelihood of interventions used individually 

and in combination. Compared to having a laborist available 24/7, an as-needed laborist 

was associated with a four times higher likelihood of no interventions (RR 4.27, CI95 

1.43-12.70). Hospital type was the only characteristic that was significantly associated 

with likelihood of cesarean birth, where women delivering at a community teaching 

hospital had a 31% lower likelihood of cesarean birth compared to women delivering at a 

university teaching hospital (RR 0.69, CI95 0.68-0.70). 

Aim 3: Determine if patterns of labor management interventions used 

individually and in combination predict cesarean birth for NTSV women with 

spontaneous onset of labor. Hypothesis: NTSV women with spontaneous onset of labor 

who receive more interventions will have a greater likelihood of cesarean birth. 

There was strong evidence to accept the alternative hypothesis. Compared with 

women who received no interventions, those receiving amniotomy only (RR 1.59, CI95 

1.28-1.98) and oxytocin only (RR 1.64, CI95 1.22-2.21) had a significantly increased 

likelihood of cesarean birth. Likelihood of cesarean birth increased when amniotomy and 

oxytocin were paired with additional interventions. Women who received all three 

interventions had nearly twice the likelihood of cesarean birth compared to those who 

received no interventions (RR 1.84, CI95 1.53-2.21). 
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5.2 STRENGTHS, LIMITATIONS, AND RECOMMENDATIONS 

 The strengths of this dissertation are large sample sizes and the inclusion of eight 

or more hospitals for each aim. Additionally, this dissertation examined clinical-level 

processes involved in the management of labor. Detailed clinical information about labor 

management is only available in the electronic medical record, thus presenting a 

challenge to researchers interested in exploring variation in practice patterns across 

institutions. Much of the existing maternity care research in the United States relies on 

ICD-9 codes, birth certificate data, and discharge abstract data like the Healthcare Cost 

and Utilization Project (HCUP). Therefore, the exploration of electronic medical record 

data in this dissertation, particularly in relation to provider and hospital characteristics, 

contributes new knowledge about labor management in the United States.  

 Another strength of this dissertation is the focus on women who are low-risk for 

cesarean birth, defined as nulliparous and pregnant with a term, singleton gestation in the 

vertex position (NTSV). Several possible risk factors for cesarean birth were eliminated 

by narrowing the CSL dataset to include only NTSV women. Additionally, the NTSV 

cesarean birth rate is widely recognized as an indicator of maternity care quality and is 

tracked through a Healthy People 2020 Objective and a National Quality Forum-endorsed 

measure used by the Joint Commission.94–96 By focusing on NTSV women, results from 

this dissertation will contribute to the knowledge about how to prevent cesarean birth in 

this low-risk group. A consideration for future research is that the target cesarean birth 

rate for NTSV may need to be revised based on the low-risk nature of this group. A 10-

19% cesarean birth rate is considered to be the threshold below which maternal and 

neonatal mortality do not decline.13,14 However, these rates are based on international 
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studies that did not specifically focus on NTSV women. Therefore, the 10-19% threshold 

may not be an appropriate goal for NTSV women because they lack many of the risk 

factors associated with a history of prior cesarean birth, including placental complications 

and risk of uterine rupture.62 Research is needed to determine the cesarean birth rate 

associated with optimal maternal and neonatal outcomes for NTSV women.  

 Several limitations of this dissertation must be acknowledged. First, births from 

the Consortium on Safe Labor dataset occurred from 2002-2008. It should be noted that 

87% of births in the dataset occurred from 2005-2007,97 and a similarly high prevalence 

occurred during these years for each aim in this dissertation. Although no major changes 

in practice have been documented in the literature since 2005, there have been two 

noteworthy practice publications. First, the American College of Obstetricians and 

Gynecologists (ACOG) and the Society for Maternal Fetal Medicine published a joint 

commission consensus statement in 2014 on strategies to prevent primary cesarean birth.3 

This statement noted that active labor does not begin until 6 cm of cervical dilation, 

possibly leading to modified admission practices since 2014. Additionally, cesarean birth 

should only be performed for arrest of active labor in the event of inadequate uterine 

activity or cervical change following six hours of oxytocin administration. The latter 

recommendation suggests that women experiencing arrest of active labor will be more 

likely to receive oxytocin augmentation to manage labor after the 2014 publication of this 

consensus statement. ACOG also published a committee opinion in 2017 outlining 

strategies to limit the use of interventions during labor and birth.92 A few 

recommendations in this committee opinion are relevant to the analyses in this 

dissertation. First, expectant management is recommended for women who are in latent 
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labor (<4-6 cm cervical dilation) and whose maternal and fetal status are reassuring. 

Second, routine amniotomy is discouraged in women whose labor is progressing 

normally with no evidence of fetal compromise. Third, ACOG recommends 

consideration of non-pharmacologic pain management techniques as an option in addition 

to the availability of epidural anesthesia upon request. Although these practice guidelines 

are a step toward standardization of labor management practices, more research is needed 

to inform the timing of interventions as well as the use of multiple interventions in 

combination. 

A second limitation of this dissertation is the use of a convenience sample of 

hospitals. The parent dataset included a weighted variable that accounted for hospital 

statistics from the American Hospital Association and national birth certificate data from 

the National Center for Health Statistics to better reflect the contemporary population in 

the United States. However, it is noteworthy that the dataset does not include hospitals 

located in rural areas. Therefore, results are limited to hospital settings located in more 

urban areas of the United States. Additionally, the cesarean birth rate varies in the CSL 

dataset depending on onset of labor. The NTSV cesarean birth rate for all hospitals 

included in the CSL dataset was 23.9%. This rate is similar to the national rate of 26% for 

NTSV cesarean birth in 2014.59 In contrast, the CSL cesarean birth rate for NTSV women 

with spontaneous onset of labor (versus induction of labor or pre-labor cesarean birth) 

was 14.7%. Although literature examining the relationship between induction of labor 

and cesarean birth shows mixed results, induction of labor is likely associated with a 

greater use of labor management interventions. Upon admission to the hospital setting, 

induction requires a minimum of several procedures including medication administration 



68 

 

or device application, possible intravenous line insertion and fluid infusion, and 

continuous electronic fetal monitoring.98 Comparing the timing and sequence of 

interventions for women admitted with spontaneous onset of labor versus those 

undergoing induction of labor may provide some insight about the relationship between 

induction of labor and cesarean birth.  

Another limitation was that large amounts of data were missing for particular 

variables in the CSL dataset. In particular, some hospitals had completely missing data 

for key variables of interest. This limitation is acknowledged in the CSL dataset 

documentation and the recommendation is to exclude hospitals from the analysis in cases 

where data is completely missing by hospital for a key variable. As a result, the sample 

sizes and number of hospitals varied slightly, ranging from seven to 11 hospitals and 

from n=17,443 to n=26,259 deliveries for each aim of this dissertation. Sample 

characteristics were compared across aims and against NTSV women with spontaneous 

onset of labor from all 19 hospitals (data not shown). The sample that included all 19 

hospitals had a higher proportion of Black/Non-Hispanic women (21.7% versus 6.5%-

13.1% across aims) as well as a higher proportion of single women (53.2% versus 31.6%-

38.9% across aims). The sample that included all hospitals also a higher proportion of 

births that were attended by a physician/midwife team (14.9% versus 2.4%-5.5% across 

aims). Frequency of intervention use was also compared against published data that 

reporting the use of epidural anesthesia (60%) and oxytocin augmentation (37%) for 

nulliparous women with spontaneous onset of labor across all 19 hospitals of the CSL 

dataset (n=43,576).99 In comparison, the use of epidural anesthesia in each sample 
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examined in this dissertation ranged from 79.9% to 82.1% and the use of oxytocin 

augmentation ranged from 44.1% to 49.6%.    

An additional limitation was the inability to examine timing and sequence of 

interventions due to large amounts of missing data for these variables. Therefore, it was 

not possible to determine whether the order in which interventions were applied would 

affect likelihood of cesarean birth. For example, our results show that the combined 

application of amniotomy-epidural-oxytocin is associated with increased likelihood of 

cesarean birth, but perhaps likelihood of cesarean birth varies depending on the order in 

which interventions were applied. Some research has shown that epidural anesthesia may 

interfere with release of oxytocin, resulting in slowed labor progression.29 Thus, 

application of epidural anesthesia as the first intervention may lead to the use of 

amniotomy and oxytocin to augment labor. Another possibility may occur for women 

who exhibit a slow or dysfunctional labor pattern, possibly due to admission in latent 

labor. In this scenario, women may receive amniotomy and/or oxytocin as the first 

intervention to augment labor. Increased pain associated with augmentation of labor may 

lead to use of epidural anesthesia followed by augmentation via additional augmentation 

with amniotomy or oxytocin infusion in cases where these interventions have not already 

been applied. Future research with a longitudinal design is needed to examine the 

association between sequence and timing of interventions and cesarean birth.  

An additional limitation of using existing data from electronic medical records 

was that only a few labor management interventions were included in this dissertation. 

This is because many interventions used to manage labor are not routinely recorded in the 

electronic medical record. These include interventions shown to reduce cesarean birth 
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such as non-pharmacological pain management,27 repositioning during labor,71 

continuous labor support,72 and oral intake during labor.73 Interventions such as 

continuous intravenous infusion and continuous electronic fetal monitoring may increase 

risk of cesarean birth by restricting mobility. These interventions were not included in the 

Consortium on Safe Labor dataset, but it is believed that continuous intravenous infusion 

and continuous electronic fetal monitoring are nearly universally applied during labor in 

the hospital setting in the United States. Therefore, it is likely that data from deliveries 

that occur in the hospital setting would not include enough variation in the use of 

intravenous infusion and continuous electronic fetal monitoring to allow a comparison 

with women not receiving these interventions. Future research with a prospective design 

is needed to examine the use of interventions that are not routinely recorded in the 

electronic medical record. Examining the use of interventions that are universally applied 

in the hospital setting presents an additional challenge. Research examining the influence 

of continuous intravenous infusion and electronic fetal monitoring would require matched 

cohorts, likely from a hospital setting and a birth center setting where these interventions 

are not routinely applied. However, this approach presents an additional challenge of 

controlling for differences between a hospital setting and a birth center setting.  

5.3 POLICY AND PRACTICE IMPLICATIONS 

Reducing unnecessary variation in cesarean birth among NTSV women is key to 

improving the quality of maternity care in the United States. The National Quality Forum 

has endorsed measure #0471 PC-02 Cesarean Section to assess the number of NTSV 

women who have a cesarean birth. This measure is used by The Joint Commission and 

The Centers for Medicare and Medicaid Services among other organizations to assess the 
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quality of maternity care in the Unites States. Additional quality measures are needed to 

measure processes that are associated with a lower likelihood of NTSV cesarean birth. 

For example, a quality measure to assess the number of NTSV women admitted prior to 

the onset of active labor is justified by mounting evidence that admission to the hospital 

in early labor is associated with increased likelihood of cesarean birth. Additionally, a 

quality measure assessing the number of NTSV women who receive no labor 

management interventions would provide information about the use of interventions in 

the hospital setting. This could provide critical information to reduce variation in NTSV 

cesarean birth rates based on results of this dissertation showing that the use of no 

interventions is associated with a lower likelihood of cesarean birth.   

Current guidelines for the use of labor management interventions do not address 

the use of multiple interventions over the course of labor. Despite that the majority of 

women in the United States receive multiple labor management interventions,68 existing 

guidelines address the use of interventions as isolated practices. For example, a recent 

recommendation from the ACOG discourages the routine use of continuous intravenous 

infusion and amniotomy in women with normally progressing labor.92 Another 

recommendation from the ACOG states that women should be given epidural anesthesia 

upon request.100 The ACOG position on augmentation with oxytocin provides only vague 

guidance, stating that the dose should be titrated based on dose response.101 Another 

shortcoming of current recommendations is that guidelines are not written specifically for 

the management of low-risk NTSV women. More research is needed to inform guidelines 

that would standardize the use of interventions such as epidural anesthesia and oxytocin 

augmentation, as well as the combined use of interventions in low-risk women.    
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5.4 CONCLUSION 

This dissertation contributes findings to better understand factors that influence 

the use of labor management interventions and their effect on cesarean birth. Some 

factors that are associated with the use of labor management interventions and cesarean 

birth, such as provider sex, are non-modifiable; However, many factors associated with 

cesarean birth are modifiable. For example, admission to the hospital can be delayed until 

the onset of active labor through patient education and shared decision-making between 

women and providers. Provider education and training could also be modified to 

encourage the use of labor management interventions associated with reduced cesarean 

birth. Results from this dissertation show that the association between labor management 

interventions and cesarean birth vary depending on whether interventions are used alone 

or in combination. Future research is needed to gain a greater understanding of how the 

timing and sequence of labor management interventions influences cesarean birth.   
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