





were applicable to the entire range of observed data.

Institutional and geographic variables that might
affect predicted mortality also were evaluated using
stepwise logistic regression. Hospitals’ number of
beds, average daily census, total number of inpatient
operations, percentage of registered nurses, and teach-
ing status (ie, member of Council of Teaching Hospi-
tals, residency program, or nonteaching hospital)
were obtained {rom the 1997 American Hospital Asso-
ciation (AHA) Annual Survey Database. Hospitals’
locations were characterized by state and rural-urban
continuum codes (from the AHA database). Each hos-
pital’s relative volume of each operation was ranked in
quartiles. The degree of a hospital’s technological
sophistication was ranked according to the following
set of mutually exclusive categories: very high (ie, has
burn or transplant unit), high (ie, has at least 2 of the
following: trauma unit, cardiac catheterization labora-
tory, lithotripter, radiation therapy), moderate (ie, has
at least 1 of the 4 services listed for the high category},
low (ie, has magnetic resonance imaging, positron
emission tomography, or single photon emission
tomography scanning), or absent (ie, has none of the
services mentioned).

The final risk-adjustment model contained each
patient’s predicted mortality rate from the appropriate
clinical model and coefficients for the hospital charac-
teristics that added significant predictive power, ie, rel-
ative volume of each operation, number of inpatient
operations, average daily census, and the hospital’s
position on the rural-urban continuum. C statistics'©
(ie, areas under receiver-operating characteristic
curves) were calculated to assess each models predic-
tive power (ie, 1.0 equals perfect prediction, 0.5 equals
no predictive power).

After development of risk-adjustment models, the
database was refined further by excluding cases that had
1o bill for anesthesia services, had ambiguous anesthesia
provider codes, or had bills that suggested team care but
lacked corresponding bills for both an anesthesiologist’s
and a CRNA's services. Table 2 shows numbers excluded
for these reasons.

Initial patient-specific mortality predictions were
computed using procedure-specific risk-adjustment
equations; predicted values then were adjusted using
hospital-specific variables. The resulting predicted
values were used to compare inpatient mortality rates
among the 3 types of providers (anesthesiologists
alone, CRNAs alone, anesthesia care teams).

The organization of anesthesia practice in a hospi-
tal may contribute to surgical outcomes regardless of
which type of anesthesia provider cares for an indi-
vidual patient. To assess whether differences in the

organization of anesthesia practice affected inpatient
mortality rates, hospitals were categorized as having
only 1 type of anesthesia provider (Al, A2, A3), hav-
ing only solo practitioners (B), having a single type of
solo practitioner and team anesthesia care (C1, C2),
or having both types of solo practitioners and team
anesthesia care (D).

We computed * statistics to evaluate differences in
distributions of cases among types of anesthesia
providers and to examine the relation between types of
providers and risk-adjusted inpatient mortality rates."

Results

For the 404,194 cases analyzed, Table 3 shows the dis-
tribution of patients among the 8 operations and the
unadjusted mortality rate for each operation. Mortality
rates ranged from 0.11% for mastectomies and for hys-
terectomies to 1.20% for cholecystectomies. The aver-
age for all patients was 0.38%. Anesthesia care was pro-
vided by anesthesiologists alone in 33.2% of cases, by
CRNAs alone in 8.2%, and by anesthesia care teams in
58.6% (Table 4).

Table 5 presents the distribution of operations
among the 22 states, from 0.6% in Delaware to 13.7%
in Michigan. The percentage of cases in which anes-
thesiologists worked alone ranged from 5.3% in South
Dakota to 84.3% in Washington. The percentage in
which CRNAs worked alone ranged from 0% in
Delaware to 33.6% in Kansas. The percentage of cases
receiving care from teams ranged from 5.4% in New
Mexico to 85.7% in North Dakota. Almost half the
operations were performed within metropolitan areas
of 100,000 to 1,000,000 residents (Table 6). Approxi-
mately one fourth were performed in metropolitan
areas exceeding 1,000,000 residents. Almost 80% of
operations in which CRNAs alone provided anesthe-
sia were performed at rural hospitals or in metropoli-
tan areas of fewer than 100,000 residents.

Table 7 lists C statistics for the 8 clinical risk-
adjustment models and for the final model incorpo-
rating clinical risk and hospital characteristics. Patient
factors were most predictive of mortality for patients
undergoing cholecystectomy or herniorrhaphy and
least predictive for patients undergoing mastectomy
or knee replacement.

Table 8 presents risk-adjusted mortality rates by
type of anesthesia provider and by hospitals’ types of
anesthesia practice. There were no significant differ-
ences in risk-adjusted mortality rates by type of anes-
thesia provider or by type of anesthesia practice
within the hospital. These findings were not altered
when risk-adjustment was performed using equations
without hospital or geographic variables.
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Table 3. Distribution of cases and unadjusted mortality rates, by procedure

srr P S DT e T e e e T D
N A L e o T ATy R R e e e T T e O D

& Procedure No. % of Total* Dead % of Total* % Dead
g Carotid endarterectomy 56,957 14.09 282 18.18 0.50
j Cholecystectomy 54,673 13.53 655 42.23 1.20
- Herniorrhaphy 15,779 3.90 65 4,19 0.41
fé Hysterectomy 30,567 7.56 35 2.26 0.11
% Knee replacement 111,124 27.49 256 16.51 0.23
é Laminectomy 28,999 7.17 67 4.32 0.23
- Mastectomy 27,418 6.78 31 2,00 0.11
= Prostatectomy 78,677 19.47 160 10.32 0.20
Total 404,194 100.01 0.38

e
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404,194  99.99

Discussion
Although there is a large body of literature delineating
patient and hospital factors related to risk-adjusted sur-
gical mortality,"*° few studies have addressed the effect
of the type of anesthesia provider on these outcomes.
A classic study of anesthesia-related mortality by
Beecher and Todd* more than 50 years age found sub-
stantially higher mortality rates when anesthesia was
administered by anesthesiologists than when it was
administered by CRNAs. Because the physical status
of patients treated by both types of providers was sim-
ilar (according to American Society of Anesthesiolo-
gists’ classifications), the researchers attributed the
difference in outcomes to greater but unmeasured
complexity of anesthesiologists’ cases.

112 AANA journal/April 2003/Vol. 71, No. 2

All cases Anesthesiologist CRNA Team
Procedure No. %* No. % No. % Neo. %
Carotid endarterectomy 56,957 14.09 22,164 38.91 1,495 2.62 33,298 58.46
Cholecystectomy 54,673 13,53 20,211 36.97 7,147 13.07 27,315 4996
Herniorrhaphy 15,779 3.90 5,010 31.75 1,041 6.60 9,728 61.65
Hysterectomy 30,567 7.56 9,234 30.21 2,676 8.75 18,657 61.04
Knee replacement 111,124 27.49 33,341 30.00 9,617 8.65 68,166 61.34
Laminectomy 28,999 7.17 9,248 31.89 841 2.90 18,910  65.21
% Mastectomy 27,418 6.78 8,342 30.43 2,435 8.88 16,641  60.69
rq Prostatectomy 78,677 19.47 26,785 34,04 7,899 10.04 43,993 55,92

134,335

33.24 33,151 8.20 236,708 5856

Two decades later, a North Carolina study® found
“the incidence [of death] among the three major
groups (the CRNA, the anesthesiologist, and the com-
bination of CRNA and anesthesiologist) to be rather
similar....” However, provider-specific mortality rates
in this study could not be risk adjusted because clini-
cal data on surviving patients were unavailable.

Another study published in 1980° compared risk-
adjusted mortality (both surgical and anesthesia-
related) at 9 hospitals “in which anesthesiologists pri-
marily were the providers” with that at 7 hospitals “in
which nurse anesthetists were primarily the
providers.” These authors concluded that “using con-
servative statistical methods, ... there were no signifi-
cant differences in outcomes between the two groups



Table 5. Number and percentage of cases in each state, by type of anesthesia provider
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% All cases Anesthesiologist CRNA Team
% State No. % No. % No. % No. %
& Alabama 26,699 6.61 4,328 16.21 1,242 4.65 21,129  79.14 E:é
% Delaware 2,272 .56 1,260 55.46 0 0.00 1,012 44,54 :
;' Idaho 7,663 1.90 1,738 22.68 1,701  22.20 4,224 5512
B Kansas 17,417 4.31 4,309  24.74 5853  33.61 7,255  41.65
= Louisiana 18,475 457 3,984 2156 1472 7.97 13,019 7047
= Maine 6,907 1.71 2,800 40,54 387 5.60 3,720 53.86
;%; Michigan 55,485 13.73 14,721 26.53 3,425 6.17 37,339 67.30
;% Minnesota 19,481 4.82 1,311 6.73 2,361 12,12 15,809  81.15
B Mississippi 15,205 3.76 6,506  42.79 520 3.42 8,179 53.79
% Missouri 30,177 7.47 10,181 33.74 2,701 8.95 17,295 57.31
% Montana 5976 148 4,668  78.11 860 1439 448 7.50
g@; Nebraska 10,461 2.59 4,453 42.57 2,883 27.56 3,125  29.87
s%: New Hampshire 4,498 1,11 2,056 4571 273 6.07 2,169  48.22
E’E New Mexico 6,514 1.61 4,293 65.90 1,869 28.69 352 540
North Carolina 34,811 8.61 4,739 13.61 610 1.75 29,462  84.63
North Dakota 4,480 1.11 451 10.07 190 424 3,839  B5.69
Pennsylvania 54,563  13.50 25,055  45.92 312 0.57 29,196  53.51
South Carolina 17,474 4,32 7,382 42.25 448  2.56 9,644  55.19
South Dakota 6,312 1.56 335 5.31 704  11.15 5,273 8354
% Tennessee 28,837 7.13 9,599  33.29 4,035 13.99 15,203 52,72
Washington 21,904 5.42 18,455 84.25 1,109 5.06 2,340 10.68
8,583 2,12 1,711 19.93 196 2.28 6,676 77.78
404,194 100.00 134,335 33.24 33,151 8.20 236,708 58.56

of hospitals defined by type of anesthesia provider.”
In an article that its authors confessed “lacks the
scientific credibility of a review or original article and

is related to policy making more than science,”!

Abenstein and Warner'® reinterpreted the findings of
previous researchers. They concluded: “When the
data are critically examined, the evidence is very sup-
portive that the anesthesiologist-led anesthesia care
team is the safest and most cost-effective method of
delivering anesthesia care.” However, they presented
no original data to support this conclusion.

In a more recent risk-adjusted study of 217,440
surgical cases in Pennsylvania, Silber et al’ observed
an increase of 2.5 deaths per 1,000 patients when an
anesthesiologist was not involved in the case. This
statistic is alarming in light of the Institute of Medi-
cines review, which concluded: “today, anesthesia
mortality rates are about one death per 200,000-

LA

1

300,000 anesthetics administered...” However,
approximately two thirds of cases classified by Silber
et al” as lacking an anesthesiologist either had no bill
at all for anesthesia care or had an anesthesiologist
involved in some but not all of a patient’s procedures.
Cases in which an anesthesiologist worked alone were
not distinguished from those in which anesthesia was
provided by a team. And only cases in Pennsylvania
were studied.

The present study endeavored to avoid these limi-
tations by drawing cases from 22 states, including
Pennsylvania. Only cases with clear documentation of
type of anesthesia provider were included. Team care
was distinguished from anesthesiologists or CRNAs
practicing alone. Because patient and surgical risk far
cutweigh anesthesia risk in hospitalized patients
undergoing surgical procedures'*** and because risk
adjustment using administrative data sets always is
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Table 6. Distribution of cases among providers by size of metropolitan area where they worked

% Al cases Anesthesiologist CRNA Team

!@; Metropolitan population No. % No. % No. % No. %

:"'3 >1,000,000 106,479 26.34 32,601 30.05 1,914 1.80 72,564  68.15 =
- 100,000-1,000,000 189,270  46.83 68,397 36.14 5,414 2.86 115,459  61.00 :%
= <100,000 108,445 26.83 33,937 31.29 25,823 23.81 48,685  44.89 'g
g% Total 404,194 100.00 134,335 33.24 33,151 8.20 236,708 58.56 %

suboptimal,® only surgical procedures that are per-
formed on relatively homogeneous populations were
included. Exclusion of emergency and other higher
risk operations substantially reduced variability in
predicted outcomes that can confound analyses, par-
ticularly when observational data sets are as unbal-
anced as the one used in this study. Also, because sub-
stantial differences in the risk of adverse outcomes
remain even within these relatively homogeneous sur-
gical categories, risk-adjustment equations were
derived to account for any coexisting clinical condi-
tions that might affect surgical mortality.

Particularly in high-risk emergency patients like
those included in the study by Silber et al,’” a large
proportion of postoperative deaths are attributable to
patients’ underlying conditions rather than to defi-
ciencies in anesthesia care."*'® The present study’s
focus on nonemergency procedures greatly increased
the probability that coexisting serious acute condi-
tions were not present at the time of operation. How-
ever, because deaths due to surgical complications
generally are far more frequent than those due to
anesthesia complications,”™™ even rigorous risk
adjustment performed for a diverse set of surgical pro-
cedures across a widely dispersed geographic area
probably failed to remove all systematic biases. Only a
careful review of medical records to determine the
actual causes of mortality and merbidity could elimi-
nate these biases.

In the present study, patients were attributed to an
anesthesia provider based on data from the operation
that qualified them for inclusion in the study. In con-
trast, Silber et al’ classified cases as “undirected” if an
undirected CRNA administered anesthesia for post-
surgical palliative procedures, even when an anesthe-
siologist or a team administered anesthesia for the
original surgical interventions. This difference in
assignment may account, at least in part, for the
higher risk-adjusted mortality rates observed by Silber
et al’ in undirected cases.

It is important to note several limitations associ-

114 AANA journal/April 2003/Vol. 71, No. 2

Table 7. C statistics for risk-adjustment models

é Procedure C statistic
"3 Carotid endarterectomy 0.826
% Cholecystectomy 0.883
‘Eg‘ Herniorrhaphy 0.853
F Hysterectomy 0.811
Knee replacement 0.766
Laminectomy 0.787
Mastectomy 0.667
Prostatectomy 0.812
All + hospital characteristics 0.857

ated with any study that compares mortality rates
using Medicare and AHA data.

First, non-Medicare cases are not in the database.
Also, information about practitioners reflects only
services that were billed, and there are no records of
services for patients in Medicare health maintenance
organizations.

Second, because Medicare data do not distinguish
between valid risk factors (ie, comorbid conditions)
and inpatient complications, risk adjustment using
Medicare data may fail to capture the true preopera-
tive risk of death.®* To enhance further the validity of
risk-adjustment models, the present study limited risk
variables to those identified using New York’s SPARCS
database, which distinguishes clearly between comor-
bid conditions and complications.

Third, information in the AHA database comes from
hospitals themselves and is not validated independently.
Consequently, this database, although used widely in
research studies, may contain inaccuracies about some
hospitals. For example, high technology reported by a
small rural hospital may actually reside in an affiliated
urban medical center 100 miles away, or “number of
beds” may include some that were closed years ago.
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Finally, the Medicare database does not permit pre-
cise identification” of the cause of death. Detailed
reviews of large numbers of medical records would be
required to determine definitively the contribution of
anesthesia care to operative and postoperative deaths.

After adjustment for differences in case mix, clini-
cal risk factors, hospital characteristics, and geo-
graphic location, the current study found similar risk-
adjusted mortality rates whether anesthesiclogists or
CRNAs worked alone. Furthermore, hospitals with-
out anesthesiologists had results similar to those of
hospitals in which anesthesiologists provided or
directed anesthesia care. Anesthesia care teams had a
slightly lower risk-adjusted mortality rate than did
practitioners working alone, but the difference was
not statistically significant. Although these findings
differ from those of Silber et al,” they are more consis-
tent with the earlier research cited and with current
data on overall anesthesia-related mortality.! They
indicate that for the surgical procedures included in
this study, the type of anesthesia provider does not
affect inpatient surgical mortality.

REFERENCES
1. Institute of Medicine. To Err Is Human: Building a Safer Health Sys-
tem. Washington, DC: National Academy Press; 1999:27.

2. 66 Federal Register 4674, 2001,
3. 66 Federal Register 35395. 2001.

4. Beecher HK, Todd DP A study of the deaths associated with anes-
thesia and surgery based on a study of 599,548 anesthesias in ten
institutions 1948-1952, inclusive. Ann Surg. 1954;140:2-34.

5. Bechtoldt AA Jr. Committee on Anesthesia Study Anesthetic-
related deaths: 1969-1976. N C Med J. 1981;42:253-259.

6. Forrest WH Jr. Outcome: the effect of the provider. In: Hirsh RA,
Forrest WH Jr, Orkin FK, Wollman H, eds. Health Care Delivery in
Anesthesia. Philadelphia, Pa: George F Stickley Co; 1980:137-142.

7. Silber JH, Kennedy SK, Even-Shoshan O, et al. Anesthesiologist
direction and patient outcomes. Anesthesiology. 2000,93:152-163.

8. Pine M, Norusis M, Jones B, Rosenthal GE. Predictions of hospital

116  AANA journal/April 2003/Vol. 71, No. 2

mortality rates: & comparison of data sources. Ann Intern Med.
1997;126:347-354. i

9, Efron B, ed. The jacknife, the bootstrap and other resampling
plans. Philadelphia, Pa: Society for Industrial and Applied Mathe-
matics; 1982.

10. Hanley JA, McNeil B. A method of comparing the areas under

receiver operating characteristic curves derived from the same
cases. Radiology. 1983;148:839-843.

11. Colton T. Statistics in Medicine. Boston, Mass: Little, Brown and
Co; 1974:151-188.

12. Vacanti CJ, VanHouton RJ, Hill RC. A statistical analysis of the
relationship of physical status to postoperative morzality in 68,388
cases. Anesth Analg. 1970;49:564-566.

13. Blumberg MS. Risk adjusting health care outcomes: a method-
ologic review. Med Care Rev. 1986;43:351-393.

14. Cchen MM, Duncan PG, Tate RB. Does anesthesia contribute to
operative mortality? JAMA. 1988,260:2859-2863.

15. lezzoni L1 Using risk-adjusted outcomes Lo assess ¢linical prac-
tice: an overview of issues pertaining to risk-adjustment. Ann Tho-
rac Surg. 1994,58:1822-1826.

16. Daley J, Forbes MG, Young G], et al. Validating risk-adjusted sur-
gical outcomes: site visit assessment of process and structure.
Nartional VA Surgical Risk Study. J Am Coll Surg. 1997,185:341-
351

17. Miller RD. Perspective from the editor-in-chief: anesthesia
providers, patient cutcomes, and costs. Anesth Analg. 1996;82:
1117-1118.

18. Abenstein JP, Warner MA. Anesthesia providers, patient outcomes,
and costs. Anesth Analg. 1996;82:1273-1283.

19. Buck N, Devlin HB, Lunn JN. The report of a confidential enquiry
inte perioperative deaths. London, England: Nuffield Provincial
Hospital Trust; 1988,

20. Pine M, Jones B, Lou YB. Laboratory values improve predictions of
hospital mortality. Int J Qual Health Care. 1998,10:4491-4501,

AUTHORS
Michael Pine, MD, MBA, is president, Michael Pine and Associates,
Ine, Chicago, 11l

Kathleen D. Holt, PhD, is a senior analyst, Michael Pine and
Associates, Inc.

You-Bei Lou, PhD, is a senior analyst, Michael Pine and Associ-
ates, Inc.

ACKNOWLEDGMENTS
This work was funded in part by a grant from the AANA Foundation.



Economics, EbucaTION, AND HEALTH SysTEMS RESEARCH

SecTion EpiTor
RoNALD D. MILLER

Is Physician Anesthesia Cost-Effective?
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One of the most controversial issues in anesthesia is
whether nonmedically directed nurse anesthetists are
relatively more cost-effective than anesthesiologists in
the provision of anesthesia care. We electronically sur-
veyed anesthesia practices throughout the United
States to estimate the range in anesthesia professional
costs from the payer perspective. Using this survey data
on anesthesia reimbursement and published outcomes
studies, we developed an ad hoc model to estimate the
cost-effectiveness of physician-directed anesthesia rel-
ative to a nonmedically directed nurse anesthetist
model of care from the payer perspective. Cost-
effectiveness ratios were defined as the ratio of incre-
mental costs associated with physician anesthesia rela-
tive to the estimated incremental life expectancy gains

with this model of care (i.e., dollars per year of life saved
[$/YLS]). Reference case results suggest that physician
anesthesia is cost saving with an estimated incremental
cost-effectiveness ratio of —$2,601/YLS for a younger
privately insured patient and an estimated cost-
effectiveness ratio of —$4,410/YLS for an elderly Medi-
care insured patient. Cost-effectiveness ratios ranged
from —$4,410 to $38,778/YLS in univariate and multi-
variate sensitivity analyses across payer types. Results
were most sensitive to assumed differences in reim-
bursement (commercial conversion factors) and to mor-
tality rate assumptions by provider type. This analysis
offers economic evidence in support of the physician
anesthesia model of care.

(Anesth Analg 2004;98:750-7)

nformation on the relative cost-effectiveness of

health care services can help determine whether a

health care service is worth the cost. If a practice
change (e.g., introduction of a new medication, tech-
nology, or model of care) is associated with better
patient outcomes, the relative cost-effectiveness of this
change is then determined by whether (and by how
much) resource utilization is decreased, increased, or
unchanged compared with the baseline practice
model. Unfortunately, practice changes that improve
patient outcomes often increase net health care expen-
ditures. Policymakers must decide whether these im-
provements are worth the increased costs. In general,
practice changes that achieve improved patient out-
comes at a cost-effectiveness ratio of no more than
$50,000 to $100,000 per year of life saved (2002 con-
stant dollars) are considered reasonable for adoption
because this is the estimated cost-effectiveness of med-
ical interventions payers typically reimburse (1,2).

Presented in part at the annual meeting of the American Society
of Anesthesiologists, Orlando, FL, October 14, 2002.

Accepted for publication September 29, 2003.

Address correspondence and reprint requests to J. P. Abenstein,
MSEE, MD, Department of Anesthesiology, Mayo Clinic, 200 First
St. SW, Rochester, MN 55905. Address e-mail to abensteinjohn@
mayo.edu.

DOI: 10.1213/01.ANE.0000100945.56081.AC

750  Anesth Analg 2004;98:750-7

One of the most controversial issues in anesthesia is
whether nonmedically directed nurses with graduate-
level education in anesthesia (nurse anesthetists) are
relatively more cost-effective than physicians special-
izing in anesthesiology (anesthesiologists) in the pro-
vision of anesthesia care. Cromwell and Rosenbach
(3-5) argue that nurse anesthetists and anesthesiolo-
gists are highly substitutable. This is based on surveys
of nurse and physician activities, which showed that
both groups are engaged in some of the same activities
(e.g., preoperative evaluations, regional anesthesia,
and invasive monitoring), but at different rates. Crom-
well (3) asserts that substitutability is evidenced by the
distribution of anesthesia personnel across hospitals
and regions. Rosenbach and Cromwell (5) note that, as
of 1988, there were no definitive studies showing a
difference in outcome between the 2 groups, further
supporting the substitutability of nurses for physi-
cians. The fact that nurses are involved in complex
surgical procedures is offered as prima facie evidence
of perceived quality by surgeons and health care
facilities.

In purely economic terms, physicians are often
claimed to be much more expensive than nurses,
based on differences in income. In 1999, Cromwell (3)
noted that anesthesiologist net incomes averaged
$224,000 per year, compared with $80,000 per year for

©2004 by the International Anesthesia Research Society
0003-2999/04
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nurse anesthetists working independently or in anes-
thesia care teams. Johnstone (6) reported that the
hourly fee locum tenens agencies charge for anesthe-
siologists and nurse anesthetists were $133 and $86/h,
respectively. These studies suggest that substituting
nurse anesthesia for physician anesthesia would not
adversely impact patient outcomes, would decrease
health care costs, and, therefore, would be a cost-
saving practice change worthy of adoption.

More recent outcomes studies, however, suggest
that physician and nurse anesthesia may not be sub-
stitutable services because anesthesia delivered by
physicians (whether personally performed or medi-
cally directing nurses), may result in fewer adverse
events compared with nonmedically directed nurse
anesthesia (7,8). Furthermore, differences in income
and locum tenens agency fees for physician and nurse
anesthetists likely do not represent the true costs of
providing anesthesia services. Additional information
on the total costs associated with anesthesia care by
provider type is needed before the adoption of any
anesthesia practice changes.

Using survey data on anesthesia reimbursement
and published outcomes studies, we developed an ad
hoc model to estimate the cost-effectiveness of
physician-directed anesthesia relative to a nonmedi-
cally directed nurse anesthesia model of care from the
payer perspective. The purpose of this study was to
assess whether the observed improvements in quality
of care with physician-directed anesthesia can be ob-
tained at a cost deemed reasonable by societal
standards.

Methods
Cost-Effectiveness Analysis

We conducted cost-effectiveness analyses to estimate
the incremental cost per year of life saved ($/YLS)
associated with physician anesthesia compared with
the nurse anesthetist model of care from the private as
well as the public payer perspective. Costs (measured
in 2002 constant dollars) considered in the model in-
cluded anesthesia provider costs as well as potential
cost savings associated with reduced perioperative
morbidity and mortality under the physician treat-
ment model. Effectiveness of physician versus nurse
anesthesia is based on observational data assessing
mortality and failure to rescue rates by provider type.
We undertook extensive sensitivity analyses (univari-
ate, multivariate, and threshold analyses) to assess
uncertainty in results.

Model Inputs

Anesthesia Outcomes. Morbidity and mortality as-
sociated with anesthesia has decreased markedly over
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the last 50 yr. In 1954, Beecher and Todd (9) reported
an anesthesia-related mortality rate of 1:1,560 anes-
thetics. In 1989, Eichhorn (10) reported an anesthesia-
related mortality rate of 1:151,400 in 757,000 anesthet-
ics delivered from 1976 to 1985. The same study
reported that from 1985 to 1988 when monitoring
standards (including pulse oximetry) were intro-
duced, no anesthetic-related deaths occurred in
>240,000 anesthetics. In 1993, Warner et al. (11) re-
ported similar results, finding no anesthetic deaths in
>75,000 anesthetics. The American Society of Anes-
thesiologists” (ASA) Closed Claims Study has shown
significant decreases in malpractice claims brought for
death, brain damage, and respiratory system damage
(12).

Over the last quarter century, the number of anes-
thesiologists has tripled (13,14) whereas the numbers
of nurse anesthetists has grown by only 75% (3,14).
This increase in physician anesthesia may be a con-
tributing factor for observed improvement in anesthe-
sia outcomes (15). A variety of studies and health
policy data support this contention. Bechtoldt (16)
and Forest (17) documented a decrease in anesthesia-
related morbidity and mortality with physician
anesthesia compared with nurse anesthesia. In both
studies, the best outcomes were seen when anesthesi-
ologists medically directed nurse anesthetists (i.e., the
anesthesia care team). Bechtoldt (16) did not offer
statistical analysis of his results, but the reported
anesthesia-related mortality rate was 26% larger when
nurse anesthetists worked without anesthesiologists.
Forest’s results (17) did not reach statistical signifi-
cance—perhaps the result of an insufficient sample
size. In the study sample of 8593 patients, the stan-
dardized mortality ratio and the Bayes-adjusted ratio
favored hospitals with anesthesiologists. In 2000,
Curling et al. (8) found that anesthesia personally
provided by an anesthesiologist for thoracoabdomi-
nal aneurysm repair had a smaller mortality rate
compared with nurse anesthetists medically di-
rected by anesthesiologists (4.26% versus 15.8%;
P = 0.005, respectively).

Using anesthesia-related mortality as a metric for
quality of care is problematic because determining
which perioperative deaths are anesthesia-related re-
quires a subjective determination (9-11,16,17). The
subjective nature of and the infrequent incidence of
anesthesia-related mortality has made it difficult to
study the impact of practice changes on anesthesia
outcomes. Other outcomes of care, such as 30-day
mortality and failure to rescue rates (i.e., death after an
adverse event), have emerged in the literature as more
sensitive measures of the quality of hospital care (18).
In the context of anesthesia outcomes, 30-day mortal-
ity and failure to rescue may be superior metrics in
determining differences between practice models, be-
cause it is increasingly evident that apparently small
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differences in hospital course can lead to significant
differences in eventual outcomes. For example, Man-
gano et al. (19) and Browner et al. (20) have shown
that, although perioperative administration of a
B-adrenergic-blocker makes no difference in hospital
course, it leads to a significant difference in 2-yr mor-
tality rate.

In a more recent study, Silber et al. (7) reviewed the
Medicare claim records of 217,440 patients who had
elective general and orthopedic surgical procedures.
The study examined the outcomes of patients who
received anesthesia from nurse anesthetists who were
medically directed by anesthesiologists (n = 194,430)
and nurse anesthetists supervised by the operative
physician (n = 23,010). The results showed that the
30-day mortality, complication, and failure to rescue
rates were 4.53%, 47.9%, and 9.32%, respectively, for
undirected nurse anesthetists. This compared with
3.41%, 41.2%, and 8.18%, respectively, for nurse anes-
thetists medically directed by anesthesiologists, P =
0.0001. When the data were adjusted for patient and
hospital characteristics, the adjusted odds ratio for
30-day mortality and failure to rescue were larger
when care was not directed by anesthesiologists (1.08,
P < 0.04, and 1.10, P < 0.01, respectively).

These results suggest that, for every 400 patients
anesthetized by nonmedically directed nurses, 1 addi-
tional patient will die within 30 days compared with
those anesthetized by physician-directed models of
care. These results suggest significantly far more fre-
quent anesthesia-related mortality than has been pre-
viously reported. The length of follow-up (i.e., 30-day
mortality versus the immediate perioperative period)
and differing methods of attributing mortality to an-
esthesia care (i.e.,, multivariate analysis versus retro-
spective chart review) likely contribute to the differ-
ence in anesthesia-related mortality reported by Silber
et al. (7) and those reported in earlier studies.

The results of Silber et al. (7) are consistent with the
results of two recent studies that examined the rela-
tionship, if any, between patient outcomes and edu-
cation level. Needleman et al. (21) reviewed adminis-
trative data from 1997 of more than six million
patients from 11 states, to examine the relation be-
tween the amount of nonanesthesia care provided by
registered nurses, licensed practical nurses, and
nurses aides at the hospital and patient outcomes. The
study showed that a larger proportion of care pro-
vided by registered nurses was associated with
smaller rates of hospital morbidity and length of stay.
In 2002, Silber et al. (22) reviewed 144,883 Medicare
claim records of patients who had elective general and
orthopedic procedures. The results showed that ad-
justed odds ratios for 30-day mortality and failure to
rescue were larger when anesthesia was delivered by
non-board-certified anesthesiologists versus board-
certified anesthesiologists. These studies support the
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results of the study by Silber et al. (7) of nurse anes-
thetist direction in which better outcomes are seen
when care is delivered by those with more education
and a more rigorous certification process.

Anesthesia Provider Costs. Although data on in-
come and locum tenens agency fees for physician and
nurse anesthetists are available in the literature, nei-
ther accurately reflects the true value of the resources
used to provide anesthesia services as recommended
by current guidelines for cost-effectiveness analyses
(23,24). Incomes of anesthesiologists and nurse anes-
thetists are significantly impacted by practice produc-
tivity, patient acuity, other sources of professional
income (e.g., consultations, critical care, and pain
management services), and various practice models
(e.g., physicians and nurses split the professional fee
in anesthesia care team practices whereas the entire
fee is retained in sole provider practices). Similarly,
locum tenens agency fees can vary based on profit
margins and local market conditions. Anesthesia re-
imbursement, which has been based on a relative
value system since the 1960s, may offer a closer ap-
proximation to the true cost of providing anesthesia
services.

Anesthesia reimbursement is a patient-specific re-
imbursement system that incorporates a predefined
number of base units determined by the complexity of
the procedure and the length of the procedure (time
units). Total reimbursement for an anesthesia proce-
dure is determined by the sum of the base and time
units multiplied by a payer-specific monetary conver-
sion factor. In 2002, the national average Medicare
anesthesia conversion factor was $16.60 for nurse and
physician anesthesia (25). Other public payers have
followed suit with some state workers compensation
programs, state and federal employee benefit pro-
grams, as well as state Medicaid programs reimburs-
ing at the same anesthesia conversion factor rate re-
gardless of provider type (26-29).

The value of private payer nurse and physician
anesthesia conversion factors, however, is often
shrouded in secrecy, hidden behind fears of antitrust
violations. Blue Cross Blue Shield of Michigan and
South Dakota, for instance, publicly acknowledge a
provider-specific payment scheme (nurse anesthetists
at 85% and 75%, respectively, of the physician rate).
However, the nominal value of the anesthesia conver-
sion factor is not clearly specified (30,31). Blue Cross
Blue Shield in Maryland and Louisiana pay the same
conversion factor for nurse and physician anesthesia
but the actual amount reimbursed is not publicly
available (32,33). In 2001, the ASA reported the results
of a survey of 120 anesthesiology practices throughout
the United States and found that the average anesthe-
sia private conversion factor for the 3 largest volume
commercial payers was $45.76 (34). Nurse anesthetist
conversion factor rates, however, were not reported.
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Assessment of Provider Reimbursement. To more ac-
curately estimate the range in anesthesia costs from
the private payer perspective, we electronically sur-
veyed anesthesia practices throughout the United
States in the spring of 2001. A total of 381 surveys
were e-mailed to: graduates of the Mayo Clinic anes-
thesiology residency program (n = 37), ASA officers
(n = 5), directors (n = 28), delegates (n = 123), mem-
bers of the ASA committees on Economics (n = 17),
Government Affairs (n = 17), Quality Management (1
= 20), and Anesthesia Care Team (n = 15), academic
department chairs (1 = 111), and practice managers (1
= 8). The survey asked these clinicians to report on the
average commercial physician anesthesia conversion
factor (PCCF) and the average commercial anesthesia
conversion factor for nonmedically directed nurse
anesthetists (NCCF) that they receive from private
payers. Practice information was also assessed on the
number of anesthetics delivered per year and practice
location by state. Those surveyed were assured that
the data would be reported only in aggregate for
research purposes.

A total of 173 surveys were returned for an overall
response rate of 45.4%. No economic or provider data
were included in 92 returned surveys. Physician-only
data were returned in 57 surveys, from 33 states. Both
physician and nursing data were returned in 23 sur-
veys, from 18 states. Reasons for not forwarding data
varied. They included lack of access or willingness to
share financial data, physician was not engaged in an
operative practice, or lack of involvement with the
nurse anesthetist model of care.

Survey results indicate that commercial anesthesia
conversion factors are similar between anesthesiolo-
gists and nurse anesthetists. In fact, practices reported
the same commercial conversion factor for physicians
and nurses in 20 of 23 returned surveys. Overall, the
average PCCF and NCCF were $49.02 * $13.63 and
$47.27 = $14.44 per anesthesia unit, respectively (P =
0.595).! The mean cost difference of $1.75 in favor of
nurse anesthetists is not statistically significant. How-
ever, the economic implications of a small difference
in reimbursement could be important considering that
the average practice surveyed delivered 25,960 *
15,392 anesthetics per year.

Cost Savings with Reduced Perioperative Morbidity and
Mortality. Emerging anesthesia outcomes research
suggests that morbidity and mortality rates may be
reduced when anesthesia is medically directed by
physicians. A complete cost-effectiveness analysis,
therefore, must also consider the incremental cost sav-
ings associated with reduced perioperative morbidity
and mortality under the physician treatment model. It

! PCCF and NCCF adjusted to 2002 constant dollars using the
Medical Care Component of the Consumer Price Index are $51.32 +
$14.27 and $49.49 *+ $15.12 per anesthesia unit, respectively (35).
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has been well documented that the cost of care for
patients incurring adverse outcomes is more expen-
sive than the cost for patients with uncomplicated
care. For example, the episode-of-care costs of patients
who die after cardiac surgery has been estimated to be
$60,000-$74,000 more than that of patients with un-
eventful cardiac surgery (36,37). The Institute of Med-
icine’s report (38) cites several studies that examine
the increased costs associated with adverse outcomes.
For example, Thomas et al. (39) examined the medical
records of 15,000 hospital discharges in Colorado and
Utah in 1992. The study reported 265 preventable
adverse events. When these data were weighed to
represent all discharges in each state, there were an
estimated 8,859 preventable adverse events at an esti-
mated direct medical cost of $159,245,000 or $17,975
per preventable adverse event (1996 constant dollars).
Perioperative complications were even more costly at
$34,843 per event (>$43,000 in 2002 constant dollars)
(35). We reasoned that the increased 30-day mortality
seen with nonmedically directed nurse anesthesia, as
suggested by the Silber et al. study (7), was a prevent-
able perioperative complication. Therefore, we conser-
vatively assumed in our reference case analysis that
the costs incurred with perioperative death are ap-
proximately $43,000—the average cost of preventable
perioperative events and approximately half the cost
of death after cardiac surgery. These values, however,
varied in sensitivity analyses to assess the strength of
our model results to changes in this value.

Results
Cost-Effectiveness of Physician Anesthesia

Reference case analyses were conducted from both the
private and public payer perspective. Reference Case 1
assumes the provision of anesthesia care to a 50-yr-old
commercially insured patient and considers our sur-
vey results on commercial anesthesia conversion fac-
tors, adjusted to 2002 constant dollars, in analysis.
Reference Case 2 assumes the provision of anesthesia
care to a 75-yr-old Medicare insured patient with phy-
sicians and nurses considered Medicare participating
providers “taking assignment” (i.e., payment for an-
esthesia care does not differ by provider type at a rate
of $16.60, on average, per anesthetic unit).

There is great variability in terms of the complexity
and type of surgical procedures done from practice to
practice. However, studies of anesthesia practices and
workforce models have shown that the average anes-
thetic generates approximately 13 anesthesia units per
case (our assumption in both reference case analyses)
(15,34,40). Thus, the incremental professional cost of
physician anesthesia per case in Reference Case 1
would be:
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(PCCF — NCCF) X 13 anesthesia units

= ($51.32 — $49.49) X 13 = $23.79 per anesthetic

The results of Silber et al. (7) suggest that 1 addi-
tional patient will be alive 30 days after surgery for
every 400 cases when nurse anesthetists are medically
directed by anesthesiologists. Thus, the direct incre-
mental cost for this improved outcome is:

$23.79 X 400 cases = $9,516 per life saved

Average estimated life expectancy for a 50-yr-old
patient, based on published national health statistics,
is 30 yr—20.19 yr when discounted at 3% as recom-
mended by current economic guidelines (23,24,41).
Considering the cost savings associated with reduced
mortality and this assumed discounted life expect-
ancy, the estimated cost-effectiveness of physician an-
esthesia compared with nurse anesthesia would be:

($9,516 — $43,000)/20.19 years = —$2,601/YLS

Similarly, for Reference Case 2 with an assumed
discounted life expectancy of 9.75 yr (42), the esti-
mated cost-effectiveness of physician anesthesia com-
pared with nurse anesthesia would be:

($0 — $43,000)/9.75 years = —$4,410/YLS

Sensitivity Analysis

We undertook a variety of univariate and multivariate
sensitivity analyses to determine how robust our cost-
effectiveness results were to changing variable esti-
mates. In univariate sensitivity analyses, we estimated
the cost-effectiveness of physician anesthesia when
key model variables (such as monetary conversion
factor or assumed outcomes differential) were inde-
pendently changed, keeping all other variables at
reference-case levels. Multivariate sensitivity analyses
estimate cost-effectiveness when multiple model vari-
able values are allowed to change simultaneously.
Results of these sensitivity analyses are seen in Ta-
bles 1 and 2. Results from the private payer perspec-
tive (Table 1) were most sensitive to assumptions re-
garding differences in reimbursement between
physicians and nurses as well as the assumed mortal-
ity gains with physician-directed anesthesia. For ex-
ample, when there is maximal variance of commercial
conversion factors (i.e., 2 standard deviation increase
in PCCF to $79.86 and 2 standard deviation decrease
of NCCF to $19.25), the estimated incremental cost-
effectiveness of physician anesthesia is $13,481/YLS.
Similarly, under an extremely conservative assump-
tion of 1 life saved per 10,000 anesthetics [i.e., 25 times
worse than the results seen in Silber et al. (7)], the
estimated cost-effectiveness increased to >$9,600/
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Table 1. Results of Sensitivity Analyses for 50-Yr-Old
Commercially Insured Patient

Cost-effectiveness

Variable estimates (2002 $/YLS)

Professional cost difference

PCCF = $65.59; NCCF = $34.37 $5,911
PCCF = $79.86; NCCF = $19.25 $13,481
Outcomes gained
1 life saved per 1000 anesthetics —$952
1 life saved per 10,000 anesthetics $9,653
Cost savings with reduced mortality
$10,000 —$24
$5000 $224
Worst case assumptions
PCCF = $79.86; NCCF = $19.25; $38,778
1 life saved per 1000 anesthetics;
$5000 cost savings with reduced
mortality
PCCF = average commercial physician anesthesia conversion factor,

NCCF = average commercial anesthesia conversion factor for non-medically
directed nurse anesthetists; YLS = year of life saved.

Table 2. Results of Sensitivity Analyses for 75-Yr-Old
Medicare Insured Patient

Cost-effectiveness

Variable estimates (2002 $/YLS)

Professional cost difference

PMCF = $17.37; NMCF = $16.60 —5$4,000

PMCF = $18.14; NMCF = $16.60 —$3,589
Outcomes gained

1 life saved per 1000 anesthetics —$4,410

1 life saved per 10,000 anesthetics —$4,410
Cost savings with reduced mortality

$10,000 —$1,026

$5000 —-$ 513
Worst case assumptions

PMCF = $18.14; NMCF = $16.60; $1,541

1 life saved per 1000 anesthetics;
$5000 cost savings with reduced
mortality

PMCF = Medicare physician anesthesia conversion factor, NMCF = Medi-
care anesthesia conversion factor for nonmedically directed nurse anesthe-
tists; YLS = year of life saved.

YLS. The ratio increases to $38,778/YLS under multi-
variate “worst case” assumptions (i.e., those least favor-
able to physician anesthesia compared with nurse
anesthesia).

Sensitivity analyses for our elderly patient example,
however, suggest that our cost-effectiveness model
results were robust to alternative physician reimburse-
ment patterns in this patient population (Table 2). For
example, physicians have the option of being a
Medicare-participating provider taking assignment
and accepting the Medicare payment rate or they can
choose to be a non-Medicare-participating provider
allowed to bill up to 109.25% of the Medicare payment
rate. In univariate sensitivity analyses, therefore, we
assumed anesthesia care was provided by a non-
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Table 3. Estimated Cost-Effectiveness of Accepted Medical Interventions (35)

Intervention

Cost-effectiveness (2002 $/YLS)*

Physician anesthesia

Coronary artery bypass surgery for left main disease (1)
Three-drug treatment for HIV (43)

PAP smear screening (every 3 yr starting at age 20) (1)

Breast cancer screening (annually women aged 55-65 yr) (1)

Neonatal intensive care unit (infants 500-999 g) (1)

(—$4,410)-$38,778
$12,294
$15,164-$26,829
$33,668

$57,501

$108,195

HIV = human immunodeficiency virus; YLS = year of life saved.

” Costs adjusted to 2002 constant dollars using the Medical Care Component of the Consumer Price Index (35).

Medicare-participating physician who billed and re-
ceived payment at 50% and 100% of the maximal
allowable Medicare anesthesia conversion factor (i.e.,
PCCF of 1.04625 * ($16.60) = $17.37 and 1.0925 *
($16.60) = $18.14 per anesthetic unit, respectively).
Both analyses also assumed Medicare-participating
nurse anesthetists taking assighment and receiving pay-
ment, on average, of $16.60 per anesthetic unit. Under
these assumptions, results suggest incremental cost-
effectiveness ratios of —$4,000/YLS and —$3,589/YLS,
respectively—not significantly different from reference
case results. Multivariate “worst case” analysis resulted
in an estimated incremental cost-effectiveness ratio of
$1,541/YLS.

Discussion

The cost-effectiveness results presented herein rely
primarily on limited estimates from secondary
sources. As sensitivity analyses indicate, the assumed
outcome differences between medically and nonmedi-
cally directed anesthesia are important variables af-
fecting the relative cost-effectiveness of physician an-
esthesia from the private payer perspective.”
Additional anesthesia outcomes research is warranted
to determine whether the outcomes differential ob-
served in the work of Silber et al. (7) persist in addi-
tional studies across a variety of surgical populations.
However, even under extremely conservative as-
sumptions regarding mortality rate differences by
provider type, the incremental cost-effectiveness of
physician anesthesia in our younger patient example
was estimated at <$10,000/YLS, well in the range
many have deemed acceptable by societal standards
as evidenced by regular payer reimbursement (Table
3).

Our study only considered the relative impact of
physician anesthesia on the costs and outcomes of the

2 The incremental cost-effectiveness of physician anesthesia for an
elderly Medicare insured patient, however, remains fixed at
—$4410/YLS regardless of assumed mortality rate differences by
provider type; assumed gain in outcome is obtained at no additional
anesthesia provider cost for Medicare-participating providers tak-
ing assignment.

operative practice. In most institutions, anesthesiolo-
gists care for patients outside of the operating suite
(e.g., nonoperative procedure suites, intensive care
units, pain clinics, preoperative evaluation clinics, re-
suscitation teams, and consultation services). The po-
tential impact these activities may have on patient
quality of care and direct medical costs was not con-
sidered in our model. Further research is clearly war-
ranted to determine the clinical and economic impact
of the nonoperative practice of anesthesiologists for
a complete assessment of the incremental cost-
effectiveness of medically directed versus nonmedi-
cally directed anesthesia care models.

Our cost-effectiveness results for our assumed
younger privately insured patient were also sensitive
to the assumed differences in reimbursement (com-
mercial conversion factors) by provider type. With a
small survey sample size, small response rate, and
survey sample based on ASA membership, it is pos-
sible that our reimbursement estimates are somewhat
biased. Our results for physician reimbursement data,
however, are consistent with previous surveys of an-
esthesiologist reimbursement (34). Furthermore, the
fact that commercial anesthesia conversion factors
were similar between anesthesiologists and nurse
anesthetists in our sample is also consistent with pub-
lic and private payer reimbursement patterns (26-29).
The average NCCF from these sources, in fact, is 94.7%
+ 10.7% of the PCCF compared with our survey re-
sults of 96.5% = 11.2%, P = 0.618. In our sensitivity
analysis, with reimbursement assumptions clearly
in economic favor of nonmedically directed nurse
anesthesia (i.e., when there is maximal variance of
conversion factors), the estimated incremental cost-
effectiveness of physician anesthesia remains reason-
able at $13,481/YLS (Table 1).

Multivariate sensitivity analyses offer additional
economic evidence in favor of medically directed an-
esthesia. Under a set of “worst case” model assump-
tions least favorable to physician anesthesia, the esti-
mated cost-effectiveness ratios for both our patient
populations still compare favorably with the esti-
mated cost-effectiveness of other medical interven-
tions (such as coronary bypass surgery or breast can-
cer screening) (Table 3). In the worse case scenario,
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improved outcomes can be obtained at a cost less than
the often accepted threshold of $50,000-$80,000/YLS
(2). In fact, under these worse case assumptions, ad-
ditional threshold analyses suggest that physician-
directed anesthesia needs to improve outcomes by
only 1 death avoided per 1,287 anesthetics relative to
nonmedically directed nurse anesthesia [i.e., >3 times
worse than the results seen by Silber et al. (7)] for
physician anesthesia to be considered cost-effective by
these threshold standards in our younger patient ex-
ample. Similar “worst case” threshold analysis in our
elderly patient example indicate that an observed out-
come gain of only 1 death avoided per 24,600 anes-
thetics needs to be obtained with physician-directed
anesthesia for this model of care to be considered
cost-effective relative to nonmedically directed nurse
anesthesia.

Currently, >90% of anesthetics in the United States
are medically directed by physicians (5). This study
offers economic evidence in support of maintaining
this current practice pattern. This is not to say, how-
ever, that the use of nurse anesthetists should be dis-
continued. When nurse anesthetists are medically di-
rected by anesthesiologists as essential members of the
health care team, anesthesia-related mortality is very
small (10,11,16,17). In those medical environments
where physician anesthesia is unavailable, nurse anes-
thetists may be the only choice for emergency surgical
treatment.

Over the last 50 years, there has been significant
improvement in anesthesia outcomes. These im-
proved patient outcomes correlate with the involve-
ment of anesthesiologists in the care of the surgical
patient (15). This study demonstrates that provider
costs for physician-directed anesthesia are similar to
provider costs for nonmedically directed nurse anes-
thesia and, when cost savings with reduced mortality
are considered, physician anesthesia seems to de-
crease net health care costs. Even if all model assump-
tions are least favorable to physicians, these cost-
effectiveness analyses suggest that incremental gains
in life expectancy with a physician-directed versus
nonmedically directed nurse model of care can be
obtained at a cost deemed reasonable by society.
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PRESIDENT’S MESSAGE

Too Many New CRNAs?
Workforce Issues, Education, and the AANA

uring the membership tenewal

period, T have received several einails

ot CRENAs expressing concerns
about the nuraber nf nurse anesthesia pre-
grats and the possible overpraduction of
new merse ancsthedists. T bebieve this s an
frrporznt issug, 2nd to zddiess 2 1 need tg
previde you with the perspectives of che
Counedl on Accraditation of Nutse
Anesinesia Bducational Programs {CDA)
and the AANA, Here is same kackground
wlomzation on the process the COA tses 1o
accredit nesw and established murse anesthe-
giz programs and the most recent CRNA
worklozre daa gethered by the A&NA,

An Overview of the Accreditation
Process

The COA's process for the acereditarion of 2
nurse anesthesia program (ocuses on ensur
ing “he program's compliagce wity the
Siandards for Accredilation. The process as
identilied in the COA's Accreditation
Policies and Procedures is consistent with
the United Stales Depariment of Education’s
{LSDE) end the Counei] for Higher
Educatior. Accreditation’s (CHEA} recagni-
tion requirements. The {irst scep in the
process [or a new nurse anesthes’a program
is for the sponsaring nstitution to Gle z let-
ter of intent with the COA, The lecter af
inent must be frem the chief execuiive ofF-
cer {CEQ) of the spansering institution and
rellect the institution's legal autkarity w0
grarit the degree and ils comteitment w aro-
¥ide the necessary resources Lo establish a
propram thar meezs sccreditation require-
ments Established nuese anesthesia pro-
grams must have the CFO scbmil a letter

Wanda Wilson, CRNA, PhD, MSN

indicacing the sponsoring inslitnedon ias the
legal authority to grant the degree.

Following the COA's acceptance of the
leteer of intent, the program, whether it is
new or established, staris an accreditation
review process. The process includes the
submission of evidence of eligibility, 2 self-
study, and ensie review. The onsite review
is conducted by experienced nurse anesthe-
sia aducators and practitioners approved by
the COA to serve as onsite reviewers.

Ounly after all of these activities have
been completed will the program be
reviewed by the COA. The COA reviews all
of the documentation and makes an accredi-
tation decision based on the program’s abil-
ity ta demonstrate compliance with the
Standards for Accreditation of Norse
Anesthesia Educational Prograrss.

The accreditation decision process does
mot consider worlcforee issues (i.e., assess-
ment of supply and demand for CRNAs in
the siate or number of nurse anesthesia stu-
dents in an avea). This would be inconsis-
tent with USDE and CHEA recognition
requirements that require 1he accreditation
process and decision be [ocused on a pro-
Eran’s ability to demonstrate compliance
with accreditation standards. 1n addition,
considering the suppiy and demand for
CRN&s in the stae weuld have serious
artitrust implicaions.

CRNA Vacancy Rate
The AANA, as the political arm of our pro-

304#598%#4930 P2

lession, monitors warkforce data and pro-
vides this information to the membgrship.
Rased on the latest workiorce study dara,
the national vacancy rate for CRNAS is
approximately 12 percent. Ambulatory sug-
ZETY CENteT Vacancy rates were estimated 1o
be lower than the vacancy rates [or hospi-
tals. CRNA vacancy was defined as an open
position. Any position: filled by a locum
tenens CRNA was considered a vacancy
because rhe CRNA was not # permanent
empleyee. Consequently, when thirling
about the total vacancy rate, one must
remernber CRNAs are actually filling an
undetermined portion of the vacangies as
temporary help.

According to sconomists, an aplimal
Vacancy rate is 3 perceny to G percent, It has
been shown that when the VACEDNCY Yale
exceeds 10 percen: employers start 1o look
[or other types of healtheare providers,
Economists have stated that a 3 percent to 6
Percent vacancy rate has enough elasticity to
adjust 1o normal market standards. Ac the
current rate of gradvating CRNAs, econo-
mists snticipate that we wil} maintain an
adequate supply of CRNAs in light of 1he
estimated CRNA attrition rate.

The increasing number of vacaneies
among CRNA [aculty in nutse anesthesia
educational programs remains on the fore-
[ront of issues the AANA is addressing. The
CRNA faculty workforce study estimated
that 64 percent of the current faculey
eXpects to retire by 2014,

Wanda Wilson, CRNA, PhD, MSH.
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bfapz Health Care Meeting
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Every three yzars, the AANA will be

Az of Jan 1, 2008, 106 nurse acesthesia ., colleeting data to reevaluate the workiome

progams are it existence./In 2000, oar pro-
g;’amﬁ_g:adnﬁtcd LA79 nerse snesthiesia so -
denls This vegr, approximarely 2,336 sig-

deriis will graduate—a grength Mr—

cEnL
=apply of ourse anesthetisis, The perceived
oversapply of CRNAS is moere closely associ-
eted with a mistismibuton of the CRNA
waorkforce Tather then a e cversuppiy af
CRMAL, Current data continue to demen-
strate a national vacaney rate of appraxi-
mazely 12 percert in hospital setzings.
However, same pockels in the nation are
EXpETiEnCing an aversupply. For example,
Pentzylvania has the largest numher of
nUrse anagthesia graduale progatrs and the
state siill has & vacanoy rate comparable to
the malicnal average of 12 percent. However
there are geographic diflerences, “lrpically
thave is a prearet supply al CRNAS in mewe-

poiitan aress and a lack ol supply in ruzal

“zress, which compounds the problem. Ta

mv_ia'te this sitarion, CRNA graduares may
nieed o telocate to regions ane localirizs
with vacensies, This same scenatio aecuts in
olhet states

Per, we are «1ill not producing an ave--

supply and demand. With the original
Tuarnawer stady, & modsl was created (o

il

/Evaluar: stretegies and analyze cuicomes Jor

ar prelession. The study looked at vacancy
Tates and CRNAs per 1,000 surgeries. The
cptimal national average of CRINAS per 1,000
surgeries 15 1.13. Curtently, the nattona) aver-
age i 1.02. These nuinbers vary from year w
vear within the same region, state, or locality,
They vary greatty based on CRNA and anes-
thesiologist penetratian, CRMNA/ anesthesiclo-
gist ratio, the number
ol surgeries per 1 000 census, and the
division of labor beewesn CRNAs and anes-
thesiotogists. The AANA membership survey
findings provided insight inte ather work-
foree factors: Average length of anesthesia
cases have not changed, and CRNAs are
periorming mote anesthetics per year and
warking more hours.

Education and Antitrust

Accerding to AANA Legal Counsel Gene
Blumenteich, ]D, {persaual communication,
April 2006), antitrust laws apply o =duca-
tan: "While 1the COA and the AANA can
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discuss issues, concerns, fears and goals, the
schools and universities are free to do whar
they want, There can be no agreements
among schoals that limit competitian
among them, at least riot agreements that
disadvantage students or patients.”

Consequently, there are legal constraints
on whal rthe AANA could do to limir rhe
number of nurse anesthesia graduates. Bven
s0, we do not belicve that there is & surplus
of nurse anesthetists, and the worklorce
problem we remain most concerned about is
the shortage of CRNA faculry,

Conclusion

1 hope this information provides you with a
better understanding ol the COA's tole and
respensibilities in accrediting new and estah-
lished nurse anesthesia programs and the
AANAs monitoring of werkforee data. The
nrse anesthesia profession is strong roday
becaust of the AANA and the membership it
supponts, Your support is essential in helping
the rurs¢ anesthesia profession successhully
face the many challenges that lie zhead
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Myth or Fact?

Nurse Anesthetists Cost Less Than Anesthesiologists

Amr E. Abouleish, M.D., M.B.A., Chair
Committee on Practice Management

In a world where anesthesiology groups fully fund their
staffing costs, the group determines the types of providers
used in its staffing model. Unfortunately, the current reality
is that many groups must rely on support from their facility
to cover staffing costs. When a facility contributes funds for
anesthesia providers, the facility usually seeks to minimize those
staffing expenses, often by urging changes in the staffing model.
For groups that have historically used a physician-only model
to provide anesthesia care, facilities have frequently exerted
substantial pressure to use “physician-extenders,” such as nurse
anesthetists (CRNAs) or anesthesiologist assistants (AAs),
because “CRNAs and AAs cost less than anesthesiologists.”
But is this really true? The goal of this article is to critically
examine the assumptions and data supporting this premise.

As we have seen during the 2009-10 debates on health
care reform, proponents frequently repeat the proposition

Amr E.Abouleish, M.D, M.BA. is
Professor and the Michael T. Phillips
Family Chair, Department of
Anesthesiology, University of Texas
Medical Branch, Galveston.

Stanley W. Stead, M.D, M.B.A. is CEQ,
Stead Health Group, Inc., Encino,
California, and Clinical Professor of
Anesthesia and Pain Management,
University of California, Davis.

Amerigan Sogiety of
Anesthesiologists

Stanley W. Stead, M.D., MB.A., Chair
Committee on Economics

30

Norman A. Cohen, M.D., Chair
Section on Professional Practice

that health care costs would be reduced if non-physicians
delivered a greater percentage of total care. This paradigm is
true only if two underlying assumptions are also true: 1) that
non-physicians can fully “substitute” for physicians in the care
delivered and that 2) non-physicians have lower wages. To

”»

the former point, “substitution,” the assumption is that the
providers are equivalent in all respects, including the ability to
diagnose and treat medical conditions with equal efficiency and
cost-effectiveness. As for the latter point, wage comparisons,
proponents of non-physician providers point to simple salary
comparisons, that is, comparison of an advanced practice
nurse (APN) and a family practice physician, a certified
nurse midwife and a physician obstetrician, or a CRNA and
a physician anesthesiologist. With the advent of Doctorate
in Nursing Practice (DNP)!' programs, the line has blurred
further, because the comparisons are now between two types

”»

of “doctors.” More recently, comparisons of primary care and
specialty compensation have moved from physician specialty
comparisons to comparisons between primary care physicians

and nurse anesthetists!?

Analysis of Provider Costs:
Cost-Minimization vs. Cost-Benefit

Cost-minimization analyses assume that the best choice
is the one with the lowest cost. This type of analysis is fairly
simple to perform and assumes that all options generate the
same final product. This means that the options are freely
interchangeable and that “substitution” may occur without
altering outcome. Given these assumptions, the analysis need

Norman A. Cohen, M.D. is Associate
Professor of Anesthesiology and
Perioperative Medicine, Oregon Health
and Science University, Portland.
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consider only the cost of the product or service to determine
the best choice. A further simplification of this technique is to
look only at “acquisition cost,” ignoring other factors that may
contribute to total expense. Hospital formulary committees
often use this more limited approach when comparing drug
costs. The analysis only looks at how much the drug costs to
buy but ignores delivery costs, storage and spoilage costs, side
effect costs and all other cost contributors.

When both the final product and the costs differ, then a cost-
benefit analysis is the way to go. Consider the situation where
one compares two treatment options. The first option produces
a good outcome at a lower cost and the second option produces
a better outcome at a higher cost. Cost-benefit analyses attempt
to quantify the extent of the benefit obtained compared to the
cost so that comparisons across approaches may be made.

With cost-minimization analyses, the results only compare
costs. With cost-benefit studies, the results compare ratios,
such as dollars spent/stroke prevented. In the latter case, the
“best choice” depends on the subjective value one places on
the result being evaluated. The question really becomes “is the
benefit worth the cost?” In anesthesia practice, we often see
a cost-benefit analysis during the introduction of a new drug,
device or other technology. This technique is also an integral
part of comparative effectiveness research, something receiving
much attention as part of health care reform.

When the “best” choice costs less and the final product is
identical, then cost-minimization analysis is the preferred
technique to prove the point. On the other hand, when the
“best” choice is known to have greater acquisition or total costs,
then one performs a cost-benefit analysis. The type of analysis
chosen often depends on who does the analysis and what they want to

prove!

Pitfalls in Comparing Salaries

Before one even considers whether cost-minimization
is the right technique for comparing nurse anesthetist and
physician anesthesiologist wages, one has to make sure that
the salaries being compared are really comparable. In a recent
article on CNNMoney.com?, average annual nurse anesthetist
compensation is reported to be $186,000, which is slightly
higher than that reported in the 2009 MGMA Cost Survey of
Anesthesia Practices.” Since wage surveys show no difference in
nurse anesthetist salaries between academic anesthesiology and
private-practice settings, this wage information should be used
in modeling both situations. In contrast, average compensation
for anesthesiologists differs significantly between practice
types, with private-practice averaging around $411,000/year
and academic (all ranks) averaging $312,000/year.>* Average
physician salary in a physician-only practice is often lower than
in a care-team practice, further narrowing the gap between
non-physician and physician salaries.

Inappropriate comparisons lead to frustratingly bad decisions.
Many people, including hospital administrators, media analysts
and government officials, simply compare these raw numbers.
What is not obvious and thus ignored is that the average salaries
are not for the same quantity of work. Putting aside the issue
of whether nurse anesthetists’ and physician anesthesiologists’
clinical care is directly comparable, the work output is different
because the average salaries are for different amounts of
time worked! As you may know, the average nurse anesthetist
salary data is for 40 daytime hours worked per week. If one
employs nurse anesthetists and they work more than 40 hours
or cover premium shifts (evenings, nights or weekends), then
the salary increases dramatically. In contrast, the salary data
for anesthesiologists is based on an average 55-hour workweek,
which includes call (evening, night and weekend). Therefore,

Continued on page 32

Table 1: Comparison of Average Compensation, 2009 Data

Provid Reported Average | Average Clinical Adjusted Salary % CRNA Adjusted Salary
rovider
Yearly Salary* Hours Worked for total 55 hours** of Physician Compensation

Nurse Anesthetist (CRNA) $186,000 40 $290,625 n/a
Private Practice Anesthesiologist $411,000 55 $411,000 70.7%
Academic Anesthesiologist, all ranks $312,000 55 $312,000 93.1%
Academic Anesthesiologist

DRI ASAIER IR $295,000 55 $295,000 98.5%
Instructor and Assistant Professor

Reported compensation between nurse anesthetists and physician anesthesiologist cannot be done simply by comparing the reported average salary since the
average work week is not the same for both groups.Adjusting the nurse anesthetist average salary to include |5 additional hours of overtime makes a more
appropriate comparison. *Compensation without benefits (See text for references). **40 hours day shift, |5 hours overtime at 1.5 hourly rate.
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Continued from page 31

if one is to compare these salaries correctly, one needs to adjust
reported compensation to the same number and types of hours
worked. The easiest correction is to adjust nurse anesthetist
In practice, the
additional 15 hours of weekly CRNA work necessary to make

work hours up to that of anesthesiologists.

this correction receive an “overtime” premium, usually at a
rate of “time and a half.” When one makes this adjustment, one
finds that nurse anesthetists are not “half the cost of an
anesthesiologist” but rather 70 percent the cost of private
practice anesthesiologists or 93 percent that of academic
anesthesiologists. If one drills down further and compares
the adjusted nurse anesthetist cost to the wages for assistant
professors or instructors in anesthesiology, the salaries are almost

identical [Table 1]!

the academic time is non-clinical time, the 55-hour estimate

Although one may argue that some of

is based on 90 percent clinical activity, working 10-hour days
(16-17 days) and three calls (including one weekend call) every
four weeks. With these assumptions, the 55-hour estimate is
conservative.

In addition, one needs to remember that nurse anesthetists are
not the only non-physician provider. AAs offer an alternative
for care team practice. While we could find no national survey of
AA compensation, based on our anecdotal knowledge, we believe
it to be the same or slightly less than nurse anesthetist wages for
a given market. For groups that use a physician-only model, but

who are considering introducing non-physician providers, AAs
appear to offer an economically friendly alternative to nurse
anesthetists.

Does Introducing Non-physician Providers Reduce Cost?

The answer to this question is “it depends.” Sometimes it
costs less and sometimes there is no economic advantage. The
factors one needs to consider for an economic-only analysis are 1)
number of staffed hours per day, including those beyond the first
eight hours, 2) the maximal staffing ratio for medical direction
that is agreeable to the group (up to four rooms), 3) decisions
on call burden and vacation-time, 4) additional non-physician
providers necessary for break relief, and 5) administrative costs
associated with additional staff and additional costs related to
more complex billing compliance. Although space limitations
prevent complete discussion of all these factors, we would like to
address several key points.

The above comparisons of national average wages provide
only a starting point for evaluating staffing costs. For a given
group, one must use that group’s actual work hours, physician
compensation and local market compensation for non-physician
providers.

If one’s group only practices in an ambulatory setting, has
no call coverage obligations (weekend, evening or night) and
finishes care within an eight-hour workday, the comparison
of salaries should use the nurse anesthetist salary data without

Figure 1: Skaffing Costs with Different Praclice Models [Private Prockice]
The Simglified and Mistaken Comparison: Unadjusted Salary Comparison
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any adjustments; therefore,
the calculations  become
straightforward. A cost-
minimization analysis shows
that it will cost less if the
group moves to 1:3 or 1:4
staffing ratio. At 1:2, there
is no change in staffing costs,
compared to a physician-only
model. Certain factors can
complicate this calculation.
For example, hiring a “break”
CRNA or having to cover a
total number of rooms not
divisible by three or four
makes a care team model
less efficient. In contrast, if
one’s group provides care in
a setting that must provide a
significant amount of after-
hours care (beyond the normal
eight-hour workday), nurse
anesthetist compensation
increases significantly. Some
practices offer their anes-
thetists four 10-hour shifts a
week to address late-running
operating rooms; however,
this creates challenges in
optimizing staffing to cover
the fifth weekday. Surgical
case type and/or higher patient
acuity may prevent utilizing
a 1:4 staffing ratio; thus one
may decide on a 1:2 or 1:3
ratio, which is less efficient
financially. ~ Finally, if one
staffs with fewer physicians,
then the after-hour burden
becomes greater for the group’s
physicians. Combining these
factors may result in the care-
team model actually costing
more than a physician-only
practice.

The staffing model chosen
will directly impact vacation
or meeting time availability.

Continued on page 34
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Continued from page 33

With models that reduce the
number of anesthesiologists, the
groupwilllikelyplace greater limits 0%
on the number of anesthesiologists

away at any given time. This

reduction in physicians will
create scheduling challenges and
potential dissatisfaction during
peak away time (school breaks,
ASA Annual Meeting, summer,
holidays) when the group may not

0%

be able to honor these requests
from staff.

lllustration of Staffing Costs:

Comparing Personally

Performed Physician Practice 0%

to Completely Medical

Direction Practice
For illustration

5% of S2a8ing Coat a4 Compaced 8o MO Only Practice

purposes, prom
Figures 1-4 compare physician-
performed
practice to a complete medical

only  personally

direction model consisting of physician anesthesiologists and
nurse anesthetists. We have chosen the physician-only model
as the baseline for comparison in each scenario. The reader
should note that a mixed model consisting of both personally-
performed and medically directed care may result in lower costs
in some scenarios. Due to the added complexity, we did not
include these analyses in the illustrations.

In Figure 1, we compare the basic cost-minimization analysis
without adjusting for hours worked. The anesthesiologist’s
average salary was $411,000, and the nurse anesthetist was
$186,000, with no adjustment. With these assumptions,
medical direction appears to be less costly, especially with a 1:3
or 1:4 staffing ratio.

Figure 2 shows a staffing grid based on a 40-hour week
such as might be seen in an ambulatory surgery center. In this
scenario, the nurse anesthetist salary is the same as in the first
example; however, we reduced the anesthesiologist salary by a
conservative 15 percent to account for reduced hours. Moving
to medical direction provides little if any advantage over a
The 1:2 ratio is
always more costly, and 1:3 ends up costing about 90 percent
of a physician-only approach. Only utilizing a 1:4 ratio at more
than four anesthetizing locations reduces costs in this model.

physician-only model in most situations.
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Figure 4: Staffing Costs with Different Practice Models [Academic)
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In Figure 3, the scenario evaluates a full-service hospital
where staffing must include evening and weekend coverage.
The anesthesiologist’s salary is $411,000 for a 55-hour working
week. Due to increased premium hours, the model reflects a
CRNA annual salary of $296,000. Under these conditions,
the medical direction model demonstrates no advantage over
a physician-only practice, primarily due to the impact of after-
hours coverage demands. In fact, only 1:4 staffing approaches
the efficiencies of a physician-only model.

In Figure 4, we compare academic anesthesiologists either
personally performing or medically directing. The analysis
does not address resident teaching cases. One might see this
situation with academic departments that also cover community
hospitals, but without teaching obligations at these satellite
sites. In this scenario, medical direction is more costly.

Cost-Benefit Analysis:
Considering Factors in Addition to Staffing Costs

We used a cost-minimization analysis in the four scenarios
above, and we demonstrated that staffing costs with a medical
direction model might be greater than with physician-only staffing.
One may also wish to perform a cost-benefit analysis; however,
as previously discussed, this approach is more challenging.

Continued on page 51
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lead to immediate remediation efforts, and should delay
implementation of your second phase. Make sure to have a
robust mechanism for collecting issues and disseminating
them to all members of the team. This list should be regularly
reviewed and progress (or lack thereof) identified as you go
through your implementation process.

Once the system is in place, continued assessment of its
adequacy for clinical needs and identification of unintended
consequences should be done on a regular basis. Processes may
need to be altered as additional information sheds light on the
real needs of the organization.

Anesthesiologists, as specialists, are good at analyzing
systems and processes. This is how we have improved patient
safety for over a quarter-century. We need to continue these
efforts into the information technology world, to both prevent
unexpected problems from developing and to learn how to
make improvements to our ability to care for patients.

Suggested Reading:

Gause DC & Weinberg GM, Exploring Requirements: Quality
Before Design, Dorset House, New York, 1989.

Leviss ], H.I.T. or Miss: Lessons Learned from Health
Information Technology Implementation. American Health
Information Management Association, 2010.
NORCALMutual Insurance Company, Claims Rx“Electronic
Health Records: Managing Emerging Risks,” San Francisco,
August 2010.

Myth or Fact?

Continued from page 34

One should include the following factors in such an
analysis:

First, a medical direction model means that the
anesthesiologist is not present for the entire case. This
change may impact quality, care collaboration and other
factors in ways difficult to measure. Second, some groups
may decide to staff at a ratio greater than 1:4, thus moving
to a supervision model. In this case, the anesthesiologist
has a much-reduced level of involvement, but may still
have medical liability for adverse events that do occur.
Third, not all anesthesiologists will accept practicing in
a medical-direction model. In fact, the anesthesiologists
may have chosen to work for the group because the group
personally performs anesthesia. Introducing non-physicians
to make up for a perceived shortage of anesthesiologists or
to reduce costs may result in an exodus of anesthesiologists
to other practices. Fourth, moving to a care team model
may force the group to reduce physician staff, resulting in
severance expenses and possible risk of expensive litigation

from the displaced employees. Finally, our analyses did

Nurse Anesthetists Cost Less Than Anesthesiologists

not consider potential changes in case-specific revenue
resulting from a medical direction model. For Medicare,
case payments are the same; however, payments from
commercial insurers may differ depending on the contract
and billing rules negotiated in the agreement.

Conclusion: Myth or Fact?

The widely held belief that staffing with non-physician
providers (nurse anesthetists or AAs) will cost less
because their reported salaries are less than physician
anesthesiologists is a MYTH, being both overly simplistic
and often wrong. The analysis of actual cost is much more
complex, depending on numerous factors such as staffing
ratios, number of anesthetizing locations, and amount
of after-hours care. Depending on local circumstances,
introducing nurse anesthetists may actually cost more than
a physician-only delivery model.
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