
Nursing Research ! January/February 2007 ! Vol 56, No 1, 9–17

Anesthesia Staffing and Anesthetic
Complications During Cesarean Delivery

A Retrospective Analysis

Daniel C. Simonson 4 Melissa M. Ahern 4 Michael S. Hendryx

Editor’s Note

Editor’s Note: Materials documenting the review process for this article
are posted at http://www.nursing-research-editor.com.

b Background: Obstetrical anesthesia services may be pro-
vided by Certified Registered Nurse Anesthetists (CRNAs),
anesthesiologists, or a combination of the two providers.
Research is needed to assist hospitals and anesthesia
groups in making cost-effective staffing choices.

b Objectives: To identify differences in the rates of anesthetic
complications in hospitals whose obstetrical anesthesia is
provided solely by CRNAs compared to hospitals with only
anesthesiologists.

b Methods: Washington State hospital discharge data were
obtained from 1993 to 2004 for all cesarean sections, and
were merged with a survey of hospital obstetrical
anesthesia staffing. Anesthetic complications were identified
via International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) diagnosis codes. Resulting
rates were risk-adjusted using regression analysis.

b Results: Hospitals with CRNA-only staffing had a lower rate
of anesthetic complications than those with anesthesiolo-
gist staffing (0.58% vs. 0.76%, p = .0006). However, after
regression analysis, this difference was not significant
(odds ratio for CRNA vs. anesthesiologist complications:
1.046 to 1, 95% confidence interval 0.649Y1.658, p = .85).

b Discussion: There is no difference in rates of complications
between the two types of staffing models. As a result,
hospitals and anesthesiology groups may safely examine
other variables, such as provider availability and costs,
when staffing for obstetrical anesthesia. Further study is
needed to validate the use of ICD-9-CM codes for
anesthesia complications as an indicator of quality.
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A nesthesiologists have often complained that there is
insufficient reimbursement for obstetrical anesthesia

(Bell et al., 2000; Chestnut, 2000; Ciment, 1999; Lagasse
& Santos, 1997; Levinson & Shnider, 1986). Hospitals are
often forced to subsidize anesthesiology practices in order
to obtain coverage for their obstetrical departments
(Medical Group Management Association, 2005). Rural
hospitals face similar problems in obtaining anesthesiolo-
gist coverage for both obstetrical and general surgical needs
(Orkin, 1996, 1998). Greater utilization of Certified
Registered Nurse Anesthetists (CRNAs) working without
anesthesiologist supervision in obstetrical anesthesia may
represent a long-term solution for hospitals and anesthesi-
ology groups, both in rural hospitals and in urban hospitals
serving large Medicaid populations. Arguments against
such increased utilization are often based on speculations
about lower quality of care under CRNAs, but the evidence
generally does not support this speculation (Smith, Kane,
& Milne, 2004).

Nurse anesthetists have administered anesthesia in
Washington since 1888. There were few physicians with
practices devoted to anesthesia until the advent of third-
party reimbursement in the 1950s. As a result, anesthesia
was considered a service provided by hospital-employed
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CRNAs, with surgeons usually serving as the department
heads (Bankert, 1989). For regulatory purposes, supervision
was nominally the responsibility of the operating surgeon.
With greater numbers of anesthesiologists in the 1970s,
this supervisory role was given to anesthesiologists and re-
named medical direction, in contrast with the less-involved
supervision role previously performed by the operating
surgeon. Use of this new approach enabled reimbursement
to the anesthesiologist for the service. Rural hospitals, which
are generally shunned by anesthesiologists, continued using
surgeon supervision. Because of high staffing requirements
and low reimbursement, obstetrical anesthesia, even in large
urban hospitals, is often performed by CRNAs with minimal
or no anesthesiologist involvement.

The regulatory model of CRNA practice changed in the
1980s when CRNAs were licensed as Advanced Registered
Nurse Practitioners (ARNPs). Washington law does not
require CRNAs licensed as ARNPs to be supervised by
physicians. Such supervision can, however, be specified
by hospital medical staff bylaws. Hospitals now utilize
CRNAs and anesthesiologists in a variety of staffing
models. Hospitals choose the staffing pattern based on
costs and provider availability rather than on patient
outcomes data, due to lack of related patient outcomes
studies (Bell et al., 2000; Dunbar et al., 1998).

Recent outcomes studies in anesthesia have focused on
elderly Medicare populations. Large datasets of adminis-
trative data, which are data routinely collected by hospitals
and payers for the purpose of reimbursement, are used in
these studies. The outcomes studied have been limited to
death and failure-to-rescue (patients with complications
who subsequently die). Although these outcomes are
convenient to study due to their accessibility in adminis-
trative data, they may have little direct correlation to
anesthesia quality (Cohen, Duncan, & Tate, 1988). For
example, in a recent study using Medicare administrative
data from Medicare for 217,000 cases in 245 Pennsylvania
hospitals, a significant increase in the risk of death and
failure-to-rescue was found for patients whose anesthesia
care was not medically directed by anesthesiologists (Silber
et al., 2000). However, in another study replicating Silber
in a larger multistate population, no such difference was
found (Pine, Holt, & Lou, 2003). In addition, in a sys-
tematic search of the literature conducted for the United
Kingdom National Health Service, no evidence was found
of significant differences in mortality rates by type of
anesthesia provider or by type of anesthesia practice within
the hospital (Smith et al., 2004). The authors point out the
difficulty of using rare events, such as death or failure-to-
rescue, as indicators of anesthesia quality.

Researchers at the Agency for Healthcare Research and
Quality (AHRQ) developed methods for using adminis-
trative data in a more specific, targeted fashion (Romano
et al., 2003). They identified 21 patient safety indicators
(PSIs). The anesthesia PSI is used to flag cases containing
any one of 15 specific International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes potentially associated with anesthesia problems.

Relying on administrative data may not provide an
accurate reflection of complications as compared to actual
chart review (Iezzoni, 1997; Iezzoni et al., 1994). There

may be errors in reporting complications due to errors or
omissions on the part of the coding staff (Hsia, Krushat,
Fagan, Tebbutt, & Kusserow, 1988). However, there is
no reason to suspect that coding for anesthetic complica-
tions is systematically different between CRNA-only and
anesthesiologist-only hospitals. In a study involving
205,000 records, no difference was found between hos-
pitals for such errors (Dubois, Brook, & Rogers, 1987).
The AHRQ has standardized use of these data for quality
analysis in the PSIs and inpatient quality indicators
(AHRQ, 2004, 2005).

Purpose
The purpose of this study was to evaluate the quality of
care provided at hospitals whose obstetrical anesthesia is
delivered solely by CRNAs versus care at hospitals em-
ploying only anesthesiologists. The study focused on dif-
ferences in rates of anesthetic complications between these
two types of hospitals for cesarean section in Washington
for a 12-year period.

Importantly, the difference between two types of hos-
pitals, not between two types of anesthesia provider, was
studied. Specifically, the outcomes in the type of hospital
that employs only CRNAs to perform obstetrical anesthe-
sia and the type of hospital that employs only anesthesiol-
ogists were contrasted. There is a precedent for this type of
analysis. In a classic study of anesthesia outcomes, Forrest
(1980) used a similar scheme (hospitals with primarily
physician providers or hospitals with primarily nurse
anesthetist providers) to analyze the differences among 16
randomly chosen hospitals. In that study, no difference was
found in outcomes based on the distinction.

The hypothesis was that there would be no difference in
anesthetic complication rates between hospitals that rely
primarily on CRNA obstetrical anesthesia versus those that
rely primarily on anesthesiologists.

Methods

The Washington State University Institutional Review
Board approved this investigation, including use of the
Comprehensive Hospital Abstract and Reporting System
(CHARS) database and hospital survey.

Independent Variables
The main independent variable, type of obstetrical anes-
thesia staffing (CRNA-only or anesthesiologists-only), was
obtained using a survey of 73 hospitals in Washington that
provide obstetrical anesthesia services on a routine basis
(this number was reduced by the end of the survey period
to 68 hospitals). The survey was conducted initially in
1999 and included retrospective descriptions of staffing
during 1993Y1998; the survey was updated in 2002 and
2004. The survey was completed by anesthesia providers
or medical staff administrators at the hospital.

The type of obstetrical anesthesia staffing and the main
operating room staffing for each hospital for each year
were identified using the survey. Hospitals were asked if
they changed obstetrical anesthesia staffing during the year.
If so, they were put into the category that represented the
majority of the year. Hospital staffing configuration was
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categorized based on a criterion of at least 90% of cases
under a particular staffing pattern. Because the CRNA-only
and the anesthesiologist-only staffing patterns were the
most reliable to confirm, only hospitals with these staffing
patterns are included in this study.

Additional independent variables that functioned as
risk adjusters include hospital characteristics, patient
demographic characteristics, and patient comorbidities.
Hospital characteristics include geographic location
(urban, rural), size (number of beds), and teaching status
(teaching, nonteaching). Three anesthesiologist-only hospi-
tals and one CRNA-only hospital were identified as
teaching institutions with obstetrical anesthesia training
programs. Nine percent of CRNA-only cesarean deliveries
were at teaching hospitals; 4% of anesthesiologist-only were
at teaching hospitals. Unmeasured provider or hospital-
level variables that might impact the delivery of obstetrical
anesthesia care adversely, such as provider experience and
provider workload, were not available for this study.

Patient demographic characteristics included age, pri-
mary payer (Medicaid, other), type of admission (emergent,
urgent, elective), and source of admission (physician
referral, clinic referral, HMO referral, emergency room,
or hospital transfer). Identification of ICD-9-CM diagnosis

codes for comorbidities that could affect the dependent
variable was important for developing a proper risk
adjustment model. As a result, records that contained such
ICD-9-CM codes were flagged as potential risk factors as
maternal mortality (Panchal, Arria, & Labhsetwar, 2001).

Dependent Variable: Anesthetic Complications
The dependent variable is the rate of anesthetic complications
during labor and delivery (Table 1). Patients were identified
as having had an anesthetic complication by the presence
of ICD-9-CM codes 668.0 through 668.9. The first three
digits (668) represent the category Complications of the
Administration of Anesthetic or Other Sedation in Labor
and Delivery. The fourth digit represents subcategories
(0 = pulmonary, 1 = cardiac, 2 = central nervous system,
8 = other complications, and 9 = unspecified complications).
Higher incidence of these codes, in contrast to death rates,
allows for greater power in the analysis of relative risk.
The incidence of complications measured in this way is
consistent with a study of anesthetic quality based on chart
review at a hospital in Washington (Posner & Freund, 1999).
Results of that study found that the incidence of patient injury
for all types of surgical procedures varied from 0.38%
to 1.34%.

q
TABLE 1. Anesthesia Complications

CRNA-Only
(n = 33,236)

Anesthesiologist-Only
(n = 101,570)

Anesthesia Complications

668.0Y668.9: Complications of the administration of anesthetic or other sedation in labor and delivery

668.0 Pulmonary complications 21 70

668.1 Cardiac complications 10 33

668.2 Central nervous system complications 3 16

668.8 Other complications of anesthesia or other sedation in labor and delivery 134 599

668.9 Unspecified complications of anesthesia and other sedation 4 33

Anesthesia Patient Safety Indicators

E876: Other and unspecified misadventures during medical care

E876.3 Endotracheal tube wrongly placed during anesthetic procedure 0 0

E855: Accidental poisoning by other drugs acting on central and autonomic nervous system

E855.1 Other nervous system depressants 0 2

E930YE949: Drugs I causing adverse effects in therapeutic use

E938.2 Other gaseous anesthetics 1 0

E938.3 Intravenous anesthetics 0 1

E938.4 Other and unspecified general anesthetics 4 4

E938.5 Surface and infiltration anesthetics 0 1

E938.6 Peripheral nerve and plexus blocking anesthetics 3 6

E938.7 Spinal anesthetics 19 35

968.0Y968.7: Poisoning by other central nervous system depressants and anesthetics

968.3 Intravenous anesthetics 0 1

Total of complications 226 849

Note. CRNA = Certified Registered Nurse Anesthetist.
Source: Comprehensive Abstract and Reporting System dataset, 1993Y2004.
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Also included are the 15 specific ICD-9-CM codes iden-
tified by the AHRQ as part of the anesthesia PSIs. These
codes, although not as specific for complications as the 668
category, are more specific than death rates. For example,
the anesthesia PSI specifies code E876.3, Other and
Unspecified Misadventures During Medical Care: Endotra-
cheal Tube Wrongly Placed During Anesthetic Procedure.

In the young, healthy population of women undergoing
cesarean section, quantifying the safety and quality of anes-
thesia services through an analysis of death or failure-to-
rescue rates is difficult due to the very small risk of death from
direct effects of the anesthesia provider (Cohen et al., 1988).
Using these ICD-9-CM codes overcomes that difficulty.

The dependent variable is coded as 1 = complication,
0 = no complication. In addition to anesthetic complica-
tions, death rates were measured also to allow comparison
to previous studies.

Patient Data
The type of procedure (cesarean section) the patient under-
went was identified using hospital administrative data. All
cesarean delivery patients identified in the CHARS database
of hospital admissions for Washington State were analyzed
for the period 1993Y2004. The study involved 134,806
patients, 33,236 patients cared for at hospitals whose
obstetrical anesthesia was staffed by CRNAs only and
101,570 cared for at hospitals staffed by anesthesiologists
only. Patients were identified as having undergone cesarean
delivery if they had any one of the ICD-9-CM procedure
codes for cesarean delivery (74.00 to 74.99) in any one of
the six procedure fields of the CHARS dataset.

Hospital Data
Hospital data for bed size and location (rural or urban) were
obtained from the Washington State Department of Health.

Model Development
Hospitals with CRNA-only and anesthesiologist-only staff-
ing patterns have very different patient profiles. To account
for these differences and their possible effects on the
incidence of anesthetic complications, hierarchical model-
ing was used to test individual and community effects on
the dependent variable (Bryk & Raudenbush, 1992). A
hierarchical approach was chosen because individual
patients are nested within hospitals.

The analysis was done using SUDAAN Proc Multilog
for categorical-dependent variables. Using this procedure es-
timates parameters utilizing generalized estimating equations
and employs a robust variance estimation method for de-
scribing the dependence of responses within clusters (Shah,
Barnwell, & Bieler, 1997). During intermediate model fit-
ting, one predictor variable, maternal pulmonary embolism,
was eliminated from further consideration due to an F value
of less than 1, as this resulted in unstable model estimates.
Model fit was estimated using a Wald chi-square statistic
with a Satterthwaite correction for numerator degrees of
freedom (Shah et al., 1997). The model was adjusted for
patient characteristics, patient severity, hospital obstetrical
anesthesia staffing characteristics, and other hospital char-
acteristics, to predict obstetrical anesthetic complications.

Results

Obstetrical Anesthesia Staffing
In 2004, of the 94 hospitals in Washington, 68 provided
obstetrical anesthesia services (44 urban hospitals and
24 rural hospitals). Twenty-eight hospitals (41%) used
anesthesiologist-only staffing and 27 (40%) used CRNA-
only staffing. Anesthesiologist-only staffing represented
59% of urban hospitals; CRNA-only staffing represented
79% of rural hospitals (Table 2).

Variation in Demographics of the Cesarean
Delivery Population
Hospitals that utilize CRNAs only are different from hos-
pitals that use anesthesiologists only (Table 3). Specifically,
hospitals staffed with only CRNAs treated the greatest
percentage of rural, teaching, urgent admission, and very
young (under 17 years old) patients. Hospitals with anes-
thesiologist staffing had the greatest percentage of emer-
gency admissions and older mothers (age 935 years).

CRNA-only hospitals tended to be either smaller
(G100 beds) or large tertiary-care size hospitals (9200 beds).
Anesthesiologist-only hospitals tended to predominate
among the midsize community hospitals (100Y200 beds). A
greater percentage of Medicaid patients were treated in
CRNA-only staffed hospitals (43% vs. 30% for anesthesi-
ologist-only).

Transfers of sicker patients to a hospital might affect
the number of anesthetic complications. CRNA-only hospitals
had a significantly greater percentage (1.44% vs. 0.82%,
p G .0001) of patients transferred from other hospitals.
However, regression analysis did not identify hospital trans-
fer as a significant risk factor for anesthetic complications.

Incidence of Comorbidities Among Types of Obstetrical
Anesthesia Staffing
Although the demographics of the two types of hospitals
were different, analysis did not provide any indication that
either type of hospital treated sicker patients, defined as
those with comorbid conditions (Table 4). The 18 individ-
ual comorbidity variables varied significantly between the
two types of staffing, but there seemed to be no pattern
overall. Hospitals with CRNA-only staffing had higher per-
centages of patients for six of the comorbidity variables and
those with anesthesiologist-only staffing had higher per-
centages for eight of the variables; for four of the variables
there was no difference between the types of hospitals.

Anesthetic Complications by Staffing Type
In the sample studied, there were 965 patients identified
as having at least one anesthetic complication 17 deaths
(Table 5). One hundred patients had more than one of
the codes identifying anesthetic complications. Hospitals
with CRNA-only staffs had a complication rate of 0.58%,
whereas anesthesiologist-only hospitals had a rate of 0.76%.
The results are significantly different, p G .0006. Only one
of the 17 deaths had an ICD-9-CM code associated with
an anesthetic complication.

The majority of the 965 cases of obstetrical anesthesia
complications were of the less serious, other code (76% of
all anesthetic complications). Pulmonary (9%), cardiac
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(4%), and central nervous system (2%) codes represent the
most serious complications and were rarely found. Simi-
larly, the majority of the anesthesia PSI complications were
also of the least serious type, with drugs causing adverse
effects in therapeutic use (8%), compared to misadventure
(0%) or poisoning (0.2%).

Risk-Adjusted Rates of Anesthetic Complications
The risk-adjusted odds ratio for anesthetic complications
for CRNA-only versus anesthesiologist-only hospitals,
along with effects of other variables, are shown in Table 6.
Model fit was significant: Satterthwaite adjusted 22 =
1,859.7 (df = 6.92), p G .0001. After adjusting for
covariates, the odds of a patient at a CRNA-only hospital
having an obstetrical anesthetic complication as compared
to an anesthesiologist-only hospital was not significantly
different (p = .85).

Three variables were found to have a significant
correlation with the incidence of anesthetic complications:
emergency admissions, postpartum hemorrhage, and other
complications of labor and delivery. Emergency patients
had an odds ratio of 1.588 of having an anesthetic
complication when compared with elective or urgent
patients (p = .03). The clinical comorbidities significantly

associated with anesthetic complications were postpartum
hemorrhage, with an odds ratio of 1.804 (p = .002) and
other complications of labor and delivery, with an odds
ratio of 1.736 (p = .002). Other complications of labor and
delivery is used to indicate an assortment of serious
maternal complications, such as maternal distress, shock,
hypotension, and cardiac arrest.

Discussion

After adjusting for comorbidities, hospital size, teaching
status, patient transfers, and other potentially confounding
variables, no difference was found in anesthetic complica-
tion rates in hospitals whose obstetrical anesthesia depart-
ments were staffed by CRNAs as compared with those
staffed by anesthesiologists. No difference was found in
mortality rates either. These findings support the hypoth-
esis that there is no difference in anesthesia outcomes
between the two types of hospital staffing.

These study results provide important information for
hospitals, anesthesiology practices, and public policy-
makers. There are currently heated debates in hospitals
and state legislatures regarding the safety, efficacy, and cost
effectiveness of CRNA-only anesthesia (Abenstein, Long,

q
TABLE 2. Obstetrical Anesthesia Staffing by Hospital in Washington State, 1993–2004

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 %a

All Hospitals

MDA 27 27 28 25 25 28 29 31 31 31 28 28 41

CRNA 30 30 29 29 28 28 28 29 29 30 28 27 40

Collaborative 6 7 7 9 9 6 6 5 5 2 2 2 3

Combined 10 9 9 9 10 10 8 7 7 9 10 11 16

Noneb 21 21 21 22 22 22 23 22 22 22 26 26

Total 94 94 94 94 94 94 94 94 94 94 94 94

Urban

MDA 25 25 26 23 23 25 26 28 28 28 26 26 59

CRNA 10 10 9 9 9 9 8 8 8 8 8 8 18

Collaborative 5 6 6 8 8 6 6 5 5 2 2 2 5

Combined 8 7 7 7 7 7 6 6 6 8 8 8 18

Noneb 12 12 12 13 13 13 14 13 13 14 16 16

Urban total 60 60 60 60 60 60 60 60 60 60 60 60

Rural

MDA 2 2 2 2 2 3 3 3 3 3 2 2 8

CRNA 20 20 20 20 19 19 20 21 21 22 20 19 79

Collaborative 1 1 1 1 1 0 0 0 0 0 0 0 0

Combined 2 2 2 2 3 3 2 1 1 1 2 3 13

Noneb 9 9 9 9 9 9 9 9 9 8 10 10

Rural total 34 34 34 34 34 34 34 34 34 34 34 34

Note. MDA = anesthesiologist or physician anesthetist; CRNA = Certified Registered Nurse Anesthetist.
Source: Survey Data.
aPercentages are of those hospitals with anesthesia services for 2004.
bHospitals labeled ‘‘none’’ were not included in the percentage determinations by category.
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McGlinch, & Dietz, 2004; Abouleish, Prough, & Vadhera,
2004). Physician professional associations have identified
advanced practice nursing as a target for legislating
mandatory supervision by physicians (Croasdale, 2006).
Additionally, although hospitals subsidize 60% of anes-
thesiology services (Medical Group Management Associa-
tion, 2005), anesthesia providers find it increasingly
difficult to provide obstetrical anesthesia services in a
cost-effective yet profitable manner (Bell et al., 2000).
Despite the heat of the debate, there has been little evidence
to justify the claims of either side.

In previous studies, researchers have attempted to
impute the quality of anesthesia care based on death and
failure-to-rescue rates (Bechtoldt, 1981; Beecher & Todd,

1954; Forrest, 1980; Pine et al., 2003; Silber et al., 2000).
Given that the safety of anesthesia care is such that it has
been held as a model for the rest of medicine (Institute of
Medicine, 1999), such analyses are unconvincing. In this
study, a more direct indicator of anesthesia quality was
used: the ICD-9-CM codes specifying complications of
anesthesia during labor and delivery. Remarkably, there is
no similar category directly specifying anesthetic complica-
tions anywhere else in the ICD-9-CM codes. There are no
codes, for example, for anesthetic complications during
cholecystectomy, general surgery, or cardiac surgery. Yet
the existence of these codes has gone unnoticed in the
anesthetic literature. A better understanding of why these
diagnosis codes were placed in the records will help assess
the value of these types of studies. Because administrative
data are created primarily for reimbursement reasons, it
seems probable that these codes were recorded because the
complications had some financial impact on the hospital or
the patient, perhaps a tray was ordered for an epidural
blood patch after a wet tap, or the patient had to stay
an extra day or receive special medications because of
protracted nausea and vomiting. Although these compli-
cations are not the life-threatening issues considered
when looking at death or failure-to-rescue, they represent
real concerns for patients. Macario, Weinger, Carney, and
Kim (1999) found that when given a hypothetical $100
to spend on avoiding postoperative complications, more
patients ‘‘paid’’ for protection from nausea and vomit-
ing than any other complication. From a quality improve-
ment point of view, obstetrical anesthetists may consider
themselves lucky that these codes exist to track their
quality efforts because, if used appropriately, they can
provide a benchmark for hospitals that allows a wider
comparison with other hospitals than any of the measures
currently in use.

Safety and Quality of Anesthesia Services
Despite the focus on differences, another important obser-
vation from this study is that obstetrical anesthesia, whether
provided by CRNAs or anesthesiologists, is extremely safe,
and there is no difference in safety between the hospitals
that utilize only CRNAs compared with those that utilize
only anesthesiologists. The incidence of life-threatening
complications was very small for either type of hospital
staffing (less than 1 death per 100,000; 0 incidences of
misplaced endotracheal tubes). With regard to the codes
utilized by the AHRQ’s PSI program to identify serious
sequelae related to anesthesia, of the 76 anesthesia PSIs
found for the 12-year period, 74 were identified by the least
serious E-code, for Adverse Drug Effect.

Limitations
First, this study was based on administrative data that may
not provide an accurate reflection of complications as com-
pared to chart review. Second, this study relied on a survey
of hospital staffing patterns that determined whether the
hospitals were primarily CRNA-only or anesthesiologist-
only. The accuracy of this staffing categorization could be
limited by record keeping or by survey respondents’
memory of staffing patterns for the 12-year period.

q
TABLE 3. Demographics and Hospital
Characteristics of CRNA-Only Hospitals
Versus Anesthesiologist-Only Hospitals

CRNA-Only
(n = 33,236)

Anesthesiologist-Only
(n = 101,570)

n % n %

Age of Mother (years)

G17 519 2 969 1

17Y34 27,797 84 80,341 79

935 4,920 15 20,260 20

Payment Source

Other 18,818 57 70,854 70

Medicaid 14,418 43 30,716 30

Admission Type

Emergency 827 2 6,491 6

Urgent 20,262 61 27,242 27

Elective 12,134 37 67,021 66

Other 13 0 816 1

Admission Source

Physician referral 30,541 92 95,543 94

Clinic referral 341 1 3,158 3

Health maintenance
organization referral

1,203 4 174 0

Hospital transfer 480 1 836 1

Emergency room 648 2 994 1

Other 22 0 865 1

Geographic Location

Rural 9,952 30 1,989 2

Urban 23,284 70 99,581 98

Hospital Size (no. of beds)

G100 11,163 34 9,831 10

100Y200 2,037 6 56,791 56

9200 20,036 60 34,948 34

Note. CRNA = Certified Registered Nurse Anesthetic.
Source: Comprehensive Abstract and Reporting System dataset,
1993Y2004.
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Third, the results are unique to studied hospitals in the
state of Washington and to a subset of patientsVthose
undergoing cesarean deliveryVand thus may not be gener-
alizable to other populations. In their study of anesthesia
quality, Pine et al. (2003) found large variability by state in
the percentage of patients cared for by the various staffing
patterns, and this may reflect underlying differences in
statute and practice patterns that would affect these results.
Although the pattern of rural hospitals being predominantly
CRNA-only holds throughout the United States, in the
Midwest, teams of anesthesiologists and CRNAs predomi-

nate, and on the East and West coasts, anesthesiologist-only
hospitals are the most common. This staffing pattern may
reflect underlying economic realities or lifestyle concerns
(Orkin, 1996).

Conclusions
Analysis of the incidence of anesthetic complications in
134,806 cesarean sections over 12 years suggests that
hospitals that utilize CRNAs to provide their obstetrical
anesthesia have no difference in rate of obstetrical anes-
thesia complications from those that use anesthesiologists.

q
TABLE 4. Incidence of Comorbidities at CRNA-Only Hospitals Versus
Anesthesiologist-Only Hospitals

Description

CRNA-Only (n = 33,236a) Anesthesiologist-Only (n = 101,570a)

pn Incidence (%) n Incidence (%)

Placental abruption, previa, or both 1,520 4.57 4,632 4.56 .9218

Postpartum hemorrhage 793 2.39 1,801 1.77 G.0001*

Pulmonary complications 71 .21 161 .16 .0354*

Maternal obesity 220 .66 944 .93 G.0001*

Maternal diabetes 384 1.16 1,577 1.55 G.0001*

Maternal hypertension 3,437 10.34 10,936 10.77 .029*

Maternal eclampsia 678 2.04 2,040 2.01 .7229

Fetal problems affecting the mother 5,327 16.03 22,118 21.78 G.0001*

Generalized infection during labor 15 .05 18 .02 .0056*

Maternal multiparity 1,752 5.27 9,871 9.72 G.0001*

Fetal heart abnormality 2,994 9.01 9,974 9.82 G.0001*

Uterine rupture 149 .45 376 .37 .0472*

Maternal embolism 8 .02 49 .05 .0628

Obstructed labor 6,162 18.54 24,633 24.25 G.0001*

Prolonged labor 936 2.82 2,887 2.84 .8031

Umbilical cord complications 4,468 13.44 15,156 14.92 G.0001*

Other complications of L&D 875 2.63 1,682 1.66 G.0001*

Insufficient prenatal care 591 1.78 1,520 1.50 .0003*

Note. L&D = Labor and Delivery; CRNA = Certified Registered Nurse Anesthetic.
Source: Comprehensive Abstract and Reporting System dataset, 1993Y2004.
aTotal number of cesarean sections.
*p G .05.

q
TABLE 5. Rates of Anesthetic Complications

Type of OB Anesthesia Staffing CRNA-Only Anesthesiologist-Only Total p

No. of cesarean deliveries 33,236 101,570 134,806

Anesthetic complications 192 773 965

% Anesthetic complications 0.58 0.76 0.72 .0006

Deaths 4 13 17 .9143

Note. OB = Obstetrical; CRNA = Certified Registered Nurse Anesthetic.
Source: Comprehensive Abstract and Reporting System dataset, 1993Y2004.
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These findings demonstrate support for the safety and
quality of care provided by CRNAs working without
anesthesiologist involvement. For both types of hospitals,
the rate of complications was low and well within the
range found at a major teaching institution in Washington
for all types of anesthetics (Posner & Freund, 1999). The
conclusion supports the concept that the decisions about
type of anesthesia staffing can be reasonably based on
considerations other than safety or quality, such as
availability of the type of provider, hospital budgets, or
percentage of Medicaid patients cared for at the hospital.

Further studies are needed to validate these observa-
tions. Such studies might validate the use of ICD-9-CM
codes for anesthesia complications as an indicator of
quality, identify any practice differences between CRNA-
only hospitals and anesthesiologist-only hospitals that
might account for these findings, and quantify the extent
to which anesthetic complications in labor and delivery are
indicative of the quality of anesthetic care. q
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