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Abstract : This article examines the features of a labor market in which there

are two professional groups that both cooperate and directly compete with

each other: certified registered nurse anesthetists (CRNAs) and anesthesiologists

(MDAs). We examine how the relative numbers of these two types of anesthesia

providers, and differences in regulation, affect the earnings of CRNAs, and the

extent of supervision of CRNAs by MDAs. We find that both the earnings, and

the likelihood of medical supervision of CRNAs, are closely determined by their

market share. As the market share of CRNAs increases from 0% to 50%, the

gains to MDAs from restricting competition increase; over this range the

likelihood that CRNAs are supervised increases and their expected earnings

decline. However, as the CRNAs’ market share increases beyond 50%, the

costs to MDAs of anticompetitive measures become too large, therefore, the

probability of supervision declines, and the earnings of CRNAs increase.

1. Introduction

This article provides an economic analysis of cooperation and competition
between the two types of health care providers who administer anesthesia:
certified registered nurse anesthetists (CRNAs) and anesthesiologists (MDAs).
However, this research has implications far beyond this highly specialized
labor market. Our approach can be used to analyze relationships between other
professions that have overlapping responsibilities, but differ in educational
requirements: for example, the relations between opticians and ophthalmo-
logists, or between nurse practitioners and primary care physicians or certified
nurse midwives and obstetrician-gynecologists.
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CRNAs and MDAs often work together as a team, and often work by
themselves as the sole anesthesia provider. Although there is a substantial dif-
ference in their educational requirements – it takes 12 years of specialized
training to become an MDA, compared with seven or eight years for a CRNA –
there is so much overlap between the work they do that it is not clear whether an
MDA actually does anything that a CRNA does not do. There is, however, a
substantial earnings differential in favor of the MDA. This situation creates
some interesting and unique issues involving competition and cooperation
between the two groups.

In this article we analyze (1) the variation of CRNA earnings across mode of
practice and other variables, and across States; and (2) differences in the mode
of practice (e.g. whether anesthesia is provided by a team (an MDA working
with a CRNA) or instead by either a CRNA working alone, or an MDA working
alone or with a resident) across different areas within a State, and across States.

There is remarkable variation in the relative numbers of anesthesia providers
across different areas. In 1995, the ratio of CRNAs to MDAs varied from 4.7 in
California and 4.3 in New York to 0.6 in Michigan and 0.55 in North Carolina.1

One explanation that has been offered for this variation is that the two types
of anesthesia providers are excellent substitutes for each other. Klein (1997) notes
that ‘in most States, a supply of CRNAs per capita in excess of the national median
coincides with a supply of MDAs below the median, and conversely’, and cites a
government report2 stating that this pattern of geographical distribution demon-
strates the substitutability of CRNAs and MDAs.

Previous research (Rosenbach and Cromwell, 1989) suggests that differences in
the mode of practice are largely explained by variation in the ratio of CRNAs to
MDAs. Given the demand for anesthesia, the supply of anesthesia providers and
the market share of CRNAs may be expected to influence the earnings of each
group and the extent of team care. Our empirical work explores these issues.

2. Background information and the literature

2.1 Comparison of MDAs and CRNAs

The training of MDAs includes four years of college, four years of medical
school and four years of medical residency. CRNAs complete a four-year bac-
calaureate program in nursing; then, after completing a minimum of one year of
nursing experience in an acute care setting, they must have an additional two
years of training in the delivery of anesthesia.3 Thus, it takes a minimum of
12 years of higher education to become an MDA, compared with seven to eight

1 Cromwell (1999).

2 HHS (1990), Tables 2–4 and 2–5, at 20.

3 Twenty-eight states specifically require, or soon will require, a CRNA to have a master’s degree.

Source: American Association of Nurse Anesthetists.
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years of education for a CRNA. Most MDAs (79%) are men, whereas most
CRNAs (56%) are women.

As previously noted, there is a great disparity in earnings between these groups,
which is striking, notwithstanding the fact that more education is required to
become an MDA. The earnings differential seems large given that there is a sub-
stantial overlap in the scope of practice of these two providers, and that, according
to at least some studies, each provider seems to perform essentially the same tasks
equally well. In 1998, the median earnings of MDAs were $210,000, more than
twice the median earnings of CRNAs of $94,000.4 In 2005, the median salary for
MDAs was $321,686, whereas average earnings for CRNAs were $160,000.5

There have been substantial differences in the growth of each group over time and
across States. In 1949, there were 3678 active CRNAs in practice and only 1837
MDAs. In 2006, there were approximately 37,000 CRNAs and 41,193 MDAs.6

2.2 Variation in practice patterns

There are major differences in anesthesia practice patterns both within and across
States. First, CRNAs generally provide anesthesia without MDA supervision in
rural areas.7 Orkin (1995) finds that MDAs are available only half the time in small
hospitals (with 50–99 beds) and in less than 40 percent of rural hospitals. CRNAs
are also generally the sole providers of anesthesia in specialized outpatient surgery
centers, such as those performing eye, dental or plastic surgery.

In places where MDAs are prevalent, like urban hospitals, there is significant
variation in practice patterns. Anesthesia may be provided by a team (an MDA
working with a CRNA) or by a CRNAworking alone, or by an MDAworking alone
or with a resident. The great majority of CRNAs practice in a team arrangement
with MDAs, but in 1991 only about 34% were directly employed by physicians.
There is some evidence of a secular trend toward team practice since 1987.8

Rosenbach and Cromwell (1989) found that the relative numbers of providers –
the ratio of CRNAs to MDAs in the county – was by far the most important
factor in determining the dominant mode of practice. The predicted probability
that care would be provided by a team, rather than by an MDA working alone,
increased from 44% to 64% when the ratio from CRNAs to MDAs increased
from one-half to one.

4 Source: American Medical Association and American Association of Nurse Anesthetists.

5 The sources of information are, for MDA salaries, the 2008–2009 Occupational Outlook Hand-

book of the Bureau of Labor Statistics, and for CRNA salaries, the AANA web site. The AANA reported

that the average salary for CRNAs in 2008 was $163,467.

6 The source for the 1949 data is Klein (1997). For the 2006 data the sources are the AANA web site

and the AMA. In 2006 the AANA, to which more than 90% of nurse anesthteists belong, had 36,475

members.

7 In metropolitan counties 21,701 out of 50,270, or 43.2%, of anesthesia providers are CRNAs,

whereas in non-metropolitan counties their share of the market is 4957 out of 7582, or 65.4%. Fallacaro

and Ruiz-Law (2004).

8 Physician Payment Review Commission (1993), at 212.
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2.3 State regulation of CRNAs

The amount of variation in the relative numbers of these groups naturally raises
the question whether and how it can be explained. One might ask, for example,
whether variation in the relative numbers can be explained by differences in the
regulatory environment, for example, CRNAs may flock to States that grant
them a high level of professional independence.9

In our data set, however, the county is the geographic unit of observation, and
there is no regulation of CRNAs at the county level (all regulation is at the State
or federal level). With respect to State regulation, we may consider two types:
regulation of what the CRNA can do, and regulation that prescribes the
requirements for becoming a CRNA.

With regard to what the CRNA can do, the scope of anesthesia practice of
CRNAs is well defined and for all practical purposes unrestricted by law in every
State. Differences across States seem to be relatively important for other types of
advanced practice nurses (APNs), such as nurse practitioners, certified nurse
midwives and clinical nurse specialists. The ability of these APNs to practice
independently is closely determined by the extent of their authority to prescribe
drugs, and the extent to which they must be supervised by a physician. In
contrast, the unique practice status of CRNAs is derived from their history of
being ‘the original APNs’10; nurses have been trained as anesthesia specialists,
and relied on as sole anesthesia providers, in the United States since the late
nineteenth century. Tobin (2001) states that ‘for the most part, formal state
recognition and regulation of CRNAs have ratified existing practice rather than
reshaping the parameters of the profession’.

However, this does not mean that State regulation of the scope of practice has
no effect (if that were true, it would be hard to explain the vigorous lobbying
efforts at the State level by the professional associations for the MDAs and
CRNAs). As we shall see, differences in language of State statutes can be used to
persuade institutions within the State, for example, managed care organizations
and hospitals, that certain anesthesia practice arrangements should be adopted.

Second, there is State regulation of the requirements for becoming a CRNA.
In particular, 30 States require a Master’s degree, whereas the remainder do not.

2.4 Factors determining the mode of practice (I)

With respect to CRNAs, disputes over State regulation turn on whether they are
required to practice ‘under the supervision’ or ‘under the direction’ of a physician.

9 A recent study that treats regulation as exogenous is by Adams et al. (2003). They found that an

increase in regulation of certified nurse midwives (CNMs) tended to reduce the quantity of CNM services

provided; their findings suggested that this type of regulation is anticompetitive, and benefits obstetricians

by restricting the supply of services of CNMs, who compete with obstetricians. See, for example, Stigler

(1971) and Peltzman (1976).

10 See, for example, Klein (1997).

240 D A V I D E . K A L I S T E T A L .



www.manaraa.com

Even the most restrictive of such regulations would clearly allow a CRNA to be
the sole anesthesia provider, in accordance with long-established practice, sub-
ject to at most a formal requirement that should be under the supervision of the
operating physician (surgeons generally do not have the expertise of the CRNA
in selecting anesthesia agents and performing anesthesia procedures, except for
local anesthesia). From the MDAs’ point of view, the benefit to be derived from
relatively restrictive language is its potential use in persuading others, such as
hospitals and health maintenance organizations (HMOs), that to minimize
malpractice liability or to maintain the quality of anesthesia practice, vacant
positions should be filled by MDAs rather than CRNAs, or that CRNAs should
be accepted only as employees of MDAs rather than as independent contractors.

To capture the possible effects of State regulation on practice patterns and
CRNA earnings, we have two variables designed to measure the Statewide
political power of CRNAs, which are described below in the explanation of our
econometric model.

In some cases local practice patterns may be explained by private contractual
arrangements. Some hospitals have entered into arrangements with MDA groups,
which have been described as tie-ins or exclusive dealing arrangements.11 Under
these agreements, anesthesia services are either provided exclusively by MDAs, or
by CRNAs only to the extent that they are employed by MDAs. Some of these
arrangements have been challenged by antitrust actions.

Various methods may be used by MDAs to exclude or limit competition by
nurse anesthetists – for example, exclusive care agreements with hospitals or
managed care organizations, causing hospitals to adopt restrictive medical staff
by-laws, or limiting student nurse anesthetists’ access to clinical cases for
training purposes. Broadston (2001) states that

Other MCOs [managed care organizations]y. may allow CRNAs into their network,

but only a specific number of providers for a given population will be allowed in a

particular region. Furthermore, some MCOs may attempt to limit the providers to only

physician providers.

Another illustration is provided by Tobin (2001):

On a day-to-day basis, institutional policies and procedures sometimes have a greater

impact on practice than state statutes and regulations. An example of this practical

reality is regional anesthesia practice. Although no state laws or regulations prohibit

CRNAs from administering regional anesthesia, some hospitals have institutional

policies prohibiting CRNAs from administering regional anesthesia.

One consideration is often cited by the American Association of Nurse
Anesthetists (AANA) in support of its position that CRNAs should be allowed
to practice without supervision: anesthesia has become much safer over time,

11 Jefferson Parish Hospital Dist. No. 2 vs Hyde, 466 US 2 (1984); Minnesota Association of Nurse

Anesthetists, et al. vs Unity Hospital, 208 F. 3d 655 (8th Cir. 2000).
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owing to advances in pharmaceuticals, anesthesia education and technical
advances in clinical monitoring equipment.12 The improved safety record is
reflected in declining malpractice insurance rates for both MDAs and CRNAs.13

MDAs concerned about the independence of CRNAs may also seek to replace
them with anesthesiology assistants (AAs). The American Society of Anesthe-
siologists (ASA) recently adopted resolutions in favor of efforts to obtain
licensure and rights to reimbursement for AAs.14 AAs now have the right to bill
Medicare directly for their services.15 As of 2003 there were fewer than 600 AAs
in the United States; however, in the last decade the number of AA educational
programs has grown from two to seven.16

2.5 The effect of relative numbers of CRNAs and MDAs

We wish to investigate (1) the CRNAs’ share of the anesthesia market and their
earnings, and (2) the CRNAs’ share of the market and the extent of their
supervision by MDAs. MDAs can benefit from anticompetitive lobbying efforts
that restrict the professional independence of CRNAs, but there are costs
involved in such efforts – costs in terms of time, money and social relationships.
MDAs must incur costs to (1) enter into and monitor exclusive care agreements
with HMOs or hospitals, or to (2) induce hospitals to adopt restrictive medical
staff by-laws, for example, one requiring that an MDA be assigned to cover each
case in which a CRNA is providing anesthesia, or to (3) persuade managed care
organizations to limit the number of CRNAs allowed into the network, or to
replace them with substitutes such as anesthesia assistants, or to (4) dissuade
private payers from reimbursing CRNAs directly, or to (5) terminate accredited
nurse anesthesia programs.

The benefits to be derived from these anticompetitive efforts are small when
CRNAs are a small share of the market. Consequently, when CRNAs are a
small share of the market, MDAs may be more likely to accept institutional
arrangements that treat the two groups as substitutes. At the opposite extreme,
when CRNAs are a very large share of the market, the potential benefits from
such lobbying efforts are large, but the costs are much greater; there are rela-
tively few MDAs to share the costs, and more CRNAs to resist their efforts.
Finally, in the intermediate range, where CRNAs have a substantial but not

12 While in 1980 the death rate from anesthesia was about 1 in 10,000, in the year 2000 it is 1 in

240,000. Josefson (2000).

13 Klein (1997), n. 10 and 11.

14 AANA (2003).

15 Section 140, Chapter 12, Medicare Claims Processing Manual.

16 There are educational programs for AAs provided at seven locations by five universities: Emory

University, Case Western Reserve University, South University, Nova Southeastern University and the

University of Missouri. In these programs AAs receive approximately two years of specialized training in

anesthesia, divided equally between classroom and clinical instruction. Applicants to these programs must

have a BA degree.
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dominant share of the market, the benefits from MDA lobbying efforts are
substantial and the costs may still be manageable.

2.6 Factors determining the mode of practice (II)

A number of factors may influence the practice arrangements entered into by each
provider group. As suggested above, one factor is the relative numbers of each
group within a particular market area. If not many operations are performed
relative to the number of MDAs, MDAs may seek to exclude CRNAs, or to make
them employees rather than competitors. Conversely, a low number of MDAs
relative to the supply of CRNAs and of operations may make cooperation a more
attractive alternative. Another potentially important factor is federal regulation,
for example, under the Medicare and Medicaid programs that determines the
compensation and work requirements for providing care alone or through an
anesthesia team. The recent history of federal regulation, which has been the
subject of intense lobbying by MDAs and CRNAs,17 is reviewed in the Appendix.

In our empirical work we consider how the earnings of CRNAs might be
affected by the extent of their professional independence. In the next section we
briefly review the literature relevant to this issue.

2.7 The literature: the effect of professional independence on earnings

There is a literature that examines the effect of professional independence of
health care providers on their earnings, and its findings are rather striking. Sass
and Nichols (1996) analyzed the effect of statutes that limited the control of
physicians over physical therapists. Some States have enacted ‘direct access’
laws, which allow physical therapists to evaluate and treat patients without a
referral from a physician. The study found that wages of physical therapists were
lower in States with direct access laws. Sass and Nichols suggested that direct access
laws might increase the supply or reduce the quality of physical therapy services, by
allowing into the market lower quality therapists who would not otherwise survive,
as they would not receive referrals from a physician.

These findings should be compared with those of Goldsmith (1989), who
analyzed the impact of State regulations that (1) specified the extent to which
hygienists must be supervised by dentists, and (2) restricted the range of tasks
that could be performed by hygienists. Goldsmith assumed that the productivity
of hygienists was reduced by laws that required close supervision of them by
dentists, and by laws restricting the scope of their activities. He found that the
wages of hygienists declined the fewer the tasks they were allowed to do, and the
closer the supervision that was required by law. He attributed these effects to a
reduction of the productivity of hygienists resulting from more restrictive laws.

17 One article reported that in the election cycle for the year 2000 the MDAs’ group had contributed

‘more than $1 million,’ whereas the CRNAs’ group contributed $400,000. Personal Business, New York

Times, 8 October 2000.
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Finally, Dueker et al. (2005) investigated the effects of differences across
States in the extent of professional independence of APNs, a category that
includes nurse practitioners, certified nurse–midwives, and clinical nurse spe-
cialists, as well as nurse anesthetists. They found that in States where APNs
acquired a substantial amount of professional independence (measured by
prescription authority), the earnings of APNs were substantially lower, and
those of physicians’ assistants (PAs) were substantially higher, than in other
States. These results are noteworthy since PAs were in direct competition with
APNs; the only real operational difference between these groups was that PAs
are salaried employees who must work under the supervision of a physician. The
inference was that physicians responded to an increase in professional inde-
pendence of APNs by hiring fewer APNs and more PAs. Dueker et al. noted that:

This shift in demand may be derived from a concern on the part of primary care

physicians that some of their work responsibilities will be reassigned to APNs, or that

they are likely to encounter arrangements whereby APNs receive their compensation

directly, rather than through a supervising physician.

3. The data, econometric model and results

3.1 The data

Our main objective is to determine the relationships among the market share of
CRNAs, the extent of CRNAs’ professional independence, CRNA earnings and
the extent of team care. Below, we first describe the data set, and then explain
how we investigate the relation among these variables.

The primary data set we use to analyze the foregoing issues is the AANA
Member Survey for the fiscal year 2001, which collected data for the year 1999.
The AANAs distributed the survey to all its 25,628 members in August 2000.18

It was completed by 15,165 members, for a response rate of 59%.19 The survey
collected extremely detailed information for 1999 on each individual’s earnings,
fringe benefits, the type of the individual’s employment arrangement and prac-
tice setting, as well as demographic characteristics such as age, gender and years
of anesthesia experience, and location of practice.20 We added to this data set
various demographic county-level variables from the Area Resource File,21

18 It is estimated that over the period of our data more than 90% of nurse anesthestists belonged to

the AANA. Correspondence with Luis A. Rivera, Director of Membership and State Associations and

Interim Director of Information Systems, AANA, May 2005.

19 As not all the questionnaires returned are complete, the sample size for our estimation was reduced

to a number of observations varying from 8249 to 9120, depending on the specification (Table 1).

20 We obtained these data from the AANA after signing agreements not to violate the confidentiality

of the data.

21 The Area Resource File is a database providing county-level information on many factors that may

either affect, or provide a measure of, health status and heath care in the United States. It is supported by

the Office of Research and Planning of the Bureau of Health Professions, which is part of the US

Department of Health and Human Services.
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providing information on county population, the number of CRNAs and MDAs
in the county, and anesthesia conversion factors (used by Medicare to adjust for
geographic differences in provider costs and compensation levels). The means,
standard deviations and lower and upper quartiles of the variables used in the
estimation are set forth in Table 1.

3.2 The econometric model

It is clear that certain variables will affect both (1) the extent to which anesthesia
is provided by a team (an MDA working with a CRNA), or instead by either an
MDA or a CRNA working alone; and (2) the earnings of CRNAs. Certain of
these variables are of special interest: (a) the share of anesthesia providers in the
area who are CRNAs, and (b) variables that represent the political power of
CRNAs relative to MDAs.

It is also clear that a CRNA’s earnings will be affected by the fraction of her
work that is done as part of a team. Under the Medicare rules that became
effective in 1998, a CRNA who shared responsibility with an MDA would
receive compensation of at most half the amount she would earn if she were the
sole anesthesia provider.

We estimate two equations:

Share of CRNA’s cases medically directed ¼ a1 þ b1 CRNAs’ share of

anesthesia marketþ b2 CRNAs’ market share squaredþ b3 total number of

CRNAsþ b4 State opted outþ b5 high prescription authority for

APNsþ demographic variablesþ variables for practice environment

þ geographic variablesþ m1; ð1Þ

and

Log of CRNA’s earnings ¼ a2 þ g1 share of CRNA’s cases medically directed

þ g2 CRNAs’ share of anesthesia market

þ g3 CRNAs’ market share squaredþ g4 total number of CRNAs

þ g5 State opted outþ g6 high prescription authority for APNs

þ demographic variablesþ variables for practice environment

þ geographic variablesþ m2; ð2Þ

where m1 and m2 are each a normally distributed error with a zero mean and
constant variance. Note that in equation (2) one of the independent variables is
the extent of medical supervision of the CRNA. This specification naturally
raises the question whether the medical supervision variable in equation (2)
should be treated as endogenous, so that we should apply methods suited for
simultaneous equations such as two-stage least squares or estimation by
instrumental variables.
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Table 1. Descriptive statistics for variables

Variables (2) Mean

(3) Standard

deviation

(4) Lower

quartile

(5) Upper

quartile

CRNA earnings in 1999 $100,734.70 $36,315.39 $84,000 $115,000

% of cases under medical direction 71.4 40.8 35.0 100

CRNAs’ share of anesthesia providers in county 0.60 0.22 0.444 0.741

Total number of CRNAs in county 60.3 72.4 11 77

Population density of county 1348.7 4227.2 155 1270

Years of experience 15.4 8.4 8.0 25.0

Number of beds 273.8 195.9 149.5 449.5

Number of anesthetics administered

during year

722.9 295.6 499.5 899.5

Provides high-risk anesthetics 0.49

State opted out of supervision requirement 0.14

High-prescription authority for APNs 0.73

Works part-time 0.12

Self-employed 0.10

Male 0.47

Dummy variables for practice environment

Group of CRNAs only 0.03

Group that includes physicians 0.41

Ambulatory surgical center 0.07

Hospital 0.34

College or University 0.02

US Government 0.03

US Army 0.01

Geographic dummy variables

Middle atlantic 0.11

East–North central 0.17

West–North central 0.12

South atlantic 0.24

East–South central 0.10

West–South central 0.12

Mountain 0.03

Pacific 0.06

CRNA 5 certified registered nurse anesthetists; APN 5 advanced practice nurse.

Notes:

(i) County population density is total county population divided by the number of square miles.

(ii) ‘Number of beds’ is the number of inpatient beds in the CRNA’s primary practice setting. High-

prescription authority 5 1 if advanced practice nurses in the CRNA’s State have either level 3 or 4

(the highest levels) of prescription authority, according to the journal Nurse Practitioner. The State

opted out variable 5 1 if the CRNA’s State officially opted out of the ‘physician supervision’ require-

ment of federal Medicare regulations by 6 May 2005. ‘Part-time’ 5 1 if the CRNA works less than

35 h/week on average, and 0 otherwise. The variable ‘Provides high-risk anesthetics’ 5 1 if the CRNA

administered any anesthetics in the American Society of Anesthesiologist Class V, and 0 otherwise.

‘Self-employed’ 5 1 if more than 50% of earnings is from self-employment, and 0 otherwise.

(iii) The omitted reference category for practice environment is work in an office. The ‘US Government’

variable includes all CRNAs working for the Navy, Air Force, Department of Veterans Affairs and

Public Health Service; it does not include those in the Army, who have a separate dummy variable.

(iv) The geographic dummy variables are based on the Divisions used by the Bureau of the Census; the

omitted category is the New England Division.
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To determine whether this variable should be treated as endogenous, we
followed the procedure of Wooldridge (2003).22 The t-statistic of 20.50 indi-
cated that the medical supervision variable was not endogenous.

3.2.1 Variables for political power

In both equations (1) and (2) there are two variables designed to measure the
political power of CRNAs: (1) a classification of States according to the amount
of authority to write prescriptions that the State grants to APNs; and (2) a
variable indicating whether the State chose to opt out of a Medicare requirement
that CRNAs work under the supervision of a physician.

With respect to the first variable, the journal Nurse Practitioner published
rankings of State laws for 199923 based on how much prescription authority is
granted to APNs – a group that includes not only CRNAs, but also nurse
practitioners, certified nurse midwives and clinical nurse specialists. There is
considerable variation across States in the prescription authority of APNs. In
some States APNs have no authority to write prescriptions, whereas in others
they are allowed to prescribe any drugs, including controlled substances,
without any supervision by a physician. Our variable assigned a value of 1 to the
42 States (including the District of Columbia) where APNs have a relatively high
level of prescription authority, and 0 otherwise.24

With respect to the second variable for political power, federal regulations have
since 1965 required ‘physician supervision’ of CRNAs who perform anesthesia for
Medicare patients in hospitals and ambulatory surgical centers. However, in 2001
another regulation allowed individual States to opt-out of the physician supervision
requirement. If a State is one of the 14 States that officially opted out of this
requirement, it was assigned a value of 1 for the opt-out variable.

Although both variables involve the political power of CRNAs, they are not
measuring the same thing. The variable based on prescription authority applies
to all APNs, not just CRNAs. On the other hand, one limitation of the opt-out

22 Specifically, we regressed the medical supervision variable on all the independent variables in (2),

treating them as instrumental variables. The residual from this regression was then included as an

additional independent variable in the regression on log earnings, equation (2). The t-statistic for this

residual term was only 20.50, indicating that the medical supervision variable was not endogenous.

23 25(1) Nurse Practitioner 16 (January 2000).

24 The variable for prescription authority constructed by Nurse Practitioner had four levels: (4)

APNs can prescribe any drug, including controlled substances, without any requirement that a physician

be involved in writing the prescription. (3) APNs can prescribe any drug, including controlled substances,

with some degree of physician involvement or delegation of prescription writing. (2) APNs can prescribe

any drug, excluding controlled substances, with some degree of physician involvement or delegation of

prescription writing. (1) APNs have no statutory authority to prescribe. On the basis of our discussions

with nursing educators, we concluded that there was far less difference between the higher levels 3 and 4

than there is between the lower levels 1 and 2, and the higher levels (moreover, no State was assigned to

level 1 by Nurse Practitioner after 1997). Therefore, we collapsed levels 3 and 4 into a binary variable

with a value of 1, and assigned a value of 0 to the lower levels 1 and 2.
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variable is that States were not able to opt-out until 13 November 2001, two years
after the period of our data set (1999), and the years when individual States opted
out ranged from 2001 to 2005. Thus one could view the prescription authority
variable as a measure of political power existing at the time covered by the data,
and the opt-out variable as a measure of latent political power.

3.2.2 Determinants of the mode of practice

Independent variables in the mode of practice equation. Let us now turn to a
brief explanation of the other independent variables used in our two-equation
model. Recall that the dependent variable in the first equation is the fraction of
the CRNA’s cases that are medically directed. We have data on the mode of
practice from the AANA member survey for the year 1999, so long as it involves
a CRNA as a participant.25 Two survey questions ask what percentage of the
anesthetics administered by a CRNA involve the participation of an MDA.

We included as independent variables in this regression the proportion of
anesthesia providers in the individual’s county who are CRNAs, the square of
that proportion, the population density of the county and the number of beds in
the CRNA’s primary practice setting.

To ensure that the regression was not unduly influenced by outliers, we
included the total number of CRNAs in the county as an explanatory variable.
Other independent variables represent the type of practice setting: whether the
CRNA practiced in an ambulatory surgical center, a university hospital, or an
office; or if the CRNA worked for a group, whether that group included only
CRNAs or CRNAs and physicians.26 Another variable indicates whether the
CRNA was employed by an agency of the federal government, that is, the Navy,
Air Force, Department of Veterans Affairs or the Public Health Service. We
provided a separate dummy variable for the US Army, as Army regulations
specifically require supervision of CRNAs by MDAs in most practice settings.27

There is a dummy variable for part-time work, as it seems more likely that a
CRNA working part-time would be supervised by an MDA. CRNAs who work
part-time are by definition less committed to anesthesia practice than those who
work full-time; they may obtain less continuing education, and be less likely to

25 In other words, our data set is not a random sample of all anesthesia procedures; it provides

extensive information on the practice of CRNAs, but does not include cases in which anesthesia is

performed by an MDA acting alone, or by an MDA directing an anesthesiology resident, intern, anes-

thesia assistant or student nurse anesthetist.

26 It would have been helpful to have distinguish between (1) groups that include MDAs and

(2) groups that include some physicians, but no MDAs. Unfortunately, we cannot make this distinction

with this data set.

27 Army Regulation 40–48, Chapter 2-1 d. (2), (3) and (6). For example, (2) provides that ‘Ultimate

clinical authority and the responsibility (when authority is exercised) for anesthesia services provided for

all classes of patients will rest with the assigned anesthesiologist’. (6) States that ‘Generally, an anes-

thesiologist will be responsible for the overall administrative supervision of an MTF (Medical Treatment

Facility) anesthesia program/service’.
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stay abreast of the rapid technological change in the field. Years of experience,
and experience squared, are included, as a CRNA with little experience may
require supervision or supplemental training. We have a variable representing
the complexity or risk of anesthesia administered by the CRNA, to determine
whether the probability of supervision by an MDA increases with risk.

The sample includes full-time and part-time CRNAs, but not those who changed
jobs within the last year. Recall that the dependent variable is the fraction of the
CRNA’s cases that involve supervision by an MDA.28 A histogram of this variable
is shown in Figure 1. Accordingly, we estimated a Tobit with a lower limit of 0 and
an upper limit of 100, corresponding to the boundary values of medical direction.

Results of mode of practice equation. We now examine the results of the Tobit on
the fraction of the CRNA’s practice that is performed under medical supervision. As
noted above, we have two alternative specifications of our model, but the results of
both are quite similar.29 The variable for the number of beds in the CRNA’s practice
setting is included in column 2 of Table 2 but omitted from column 3.

The coefficients for the different practice environments indicate that the
incidence of medical supervision is least for those who work for the federal
government (except for the Army, which, as previously noted, generally requires
MDA supervision), and greatest for (1) those employed by a college or university,
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Figure 1. Distribution of the Fraction of CRNA Cases under Medical Direction

28 Note that when this variable is aggregated over all the individuals in the data set, the resulting

measure (69.6%) does not represent the fraction of all anesthesia service that is team care, as we do not

have the observations in which care is provided only by the anesthesiologist. However, it does provide an

upper bound of the fraction of anesthesia that is team care.

29 In yet another specification (results not shown), we found that the likelihood of medical super-

vision was much less for males and the self-employed.
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Table 2. Factors determining compensation and extent of medical supervision

Dependent variables

(2) % of cases

under medical

direction

(3) % of cases

under medical

direction

(4) Log of

earnings

(5) Log of

earnings

Intercept 210.4 16.2 11.19 11.22

% of cases under medical direction 20.0009*** 20.0009***

(0.0002) (0.0001)

CRNAs’ share of anesthesia providers

in county

248.9*** 274.1*** 20.28*** 20.28***

(22.7) (23.4) (0.106) (0.11)

CRNAs’ share squared 2268.3*** 2314.1*** 0.29*** 0.28***

(18.8) (19.4) (0.09) (0.09)

Total number of CRNAs in county 0.14*** 0.21*** 2.96 3 1025 4.66 3 1025

(0.017) (0.018) (7.95 3 1025) (7.74 3 1025)

Population density of county 20.0001 0.0002 1.03 3 1026 9.14 3 1027

(3 3 1024) (3 3 1024) (1.01 3 1026) (9.87 3 1027)

Years of experience 20.30 21.36** 0.013*** 0.012***

(0.55) (0.56) (0.0025) (0.0025)

Experience squared 0.005 0.027 20.0003*** 20.0003***

(0.018) (0.019) (0.0001) (0.0001)

Number of beds 0.13*** 2.76 3 1025

(0.007) (3.38 3 1025)

Number of anesthetics administered

during year

0.0002*** 0.0002***

(2.13 3 1025) (2.11 3 1025)

Provides high-risk anesthetics 7.9*** 16.0*** 0.051*** 0.055***

(2.1) (2.1) (0.0099) (0.0094)

State opted out of supervision

requirement

213.5*** 213.0*** 20.062*** 20.064***

(4.6) (4.8) (0.024) (0.022)

High-prescription authority for APNs 27.1** 28.1** 0.060*** 0.057***

(3.1) (3.2) (0.015) (0.015)

Works part-time 17.2*** 21.4*** 20.46*** 20.46***

(3.4) (3.4) (0.019) (0.019)

Self-employed 20.033 20.027

(0.041) (0.04)

Male 0.11*** 0.11***

(0.01) (0.01)

Dummy variables for practice environment

Group of CRNAs only 13.5** 10.4 20.064** 20.087***

(6.8) (7.13) (0.03) (0.033)

Group that includes physicians 65.8*** 78.6*** 20.025 20.025

(3.1) (3.3) (0.024) (0.024)

Ambulatory surgical center 46.2*** 21.1*** 20.081*** 20.085***

(4.8) (4.7) (0.025) (0.023)

Hospital 55.9*** 66.9*** 0.024 0.024

(3.1) (3.2) (0.022) (0.022)

College or University 72.3*** 95.5*** 20.044 20.042

(7.96) (8.16) (0.037) (0.037)

US Government 229.0*** 239.0*** 20.037 20.037

(5.9) (6.1) (0.023) (0.023)

US Army 22.1*** 13.9* 20.25*** 20.26***

(7.7) (8.4) (0.042) (0.041)

Geographic dummy variables

Middle atlantic 4.3 9.4 20.033 20.032

(6.0) (6.2) (0.027) (0.027)

East–North central 225.5*** 218.0*** 0.12*** 0.12***

(5.7) (5.9) (0.023) (0.023)
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who are likely to be in teaching hospitals, (2) those working in a group with
physicians and (3) those who work in other hospitals. Medical direction is less
prevalent for CRNAs who work in ambulatory surgical centers, and much less
so for those in groups consisting of CRNAs only, but is still marginally greater
than for those in an office-based practice, the omitted reference category.
All these coefficients are very precisely estimated.

The likelihood of team care increases with the size of the facility, measured by
the number of beds. As one would expect, medical supervision is more likely
for part-time workers and for those doing high-risk procedures (those in ASA

Table 2. (Continued)

Dependent variables

(2) % of cases

under medical

direction

(3) % of cases

under medical

direction

(4) Log of

earnings

(5) Log of

earnings

West–North central 215.2** 27.8 0.14*** 0.14***

(6.7) (7.0) (0.029) (0.029)

South atlantic 3.6 16.3*** 0.077*** 0.080***

(5.5) (5.6) (0.022) (0.022)

East–South central 219.5*** 26.6 0.15*** 0.15***

(6.2) (6.5) (0.03) (0.03)

West–South central 248.9*** 241.5*** 0.19*** 0.18***

(6.5) (6.6) (0.027) (0.027)

Mountain 250.5*** 253.8*** 0.042 0.037

(7.35) (7.6) (0.04) (0.04)

Pacific 260.2*** 261.0*** 0.12*** 0.11***

(6.45) (7.0) (0.028) (0.028)

n 8882 9120 8249 8444

Adjusted R2 0.2005 0.2023

s 78.8*** 81.9***

(1.3) (1.3)

2Log likelihood 19,597.4 20,304.4

CRNA 5 certified registered nurse anesthetists; APN 5 advanced practice nurse.

Notes:

(i) Robust standard errors are in parentheses. (*), (**) and (***) denote statistical significance at

the 10, 5 and 1% level, respectively. Columns (2) and (3) present estimates of a Tobit with a

lower limit of 0, and an upper limit of 100, for boundary values of medical direction. County

population density is total county population divided by the number of square miles.

(ii) ‘Number of beds’ is the number of inpatient beds in the CRNA’s primary practice setting. High-pre-

scription authority 5 1 if advanced practice nurses in the CRNA’s State have either level 3 or 4 (the

highest levels) of prescription authority, according to the journal Nurse Practitioner. The State opted

out variable 5 1 if the CRNA’s State officially opted out of the ‘physician supervision’ requirement of

federal Medicare regulations by 6 May 2005. ‘Part-time’ 5 1 if the CRNA works less than 35 h/week

on average, and 0 otherwise. The variable ‘Provides high-risk anesthetics’ 5 1 if the CRNA adminis-

tered any anesthetics in the American Society of Anesthesiologist Class V, and 0 otherwise. ‘Self-

employed’ 5 1 if more than 50% of earnings is from self-employment, and 0 otherwise.

(iii) The omitted reference category for practice environment is work in an office. The ‘US Government’

variable includes all CRNAs working for the Navy, Air Force, Department of Veterans Affairs and

Public Health Service; it does not include those in the Army, who have a separate dummy variable.

(iv) In the specification used in columns (3) and (5), the geographic dummy variables are based on the

Divisions used by the Bureau of the Census; the omitted category is the New England Division.

Cooperation and conflict between very similar occupations 251



www.manaraa.com

class V).30 However, experience and experience squared are not significant in col-
umn (2). There may be a high rate of depreciation of human capital in anesthesia
because of the rate of technical change in this specialty. Thus, a CRNA who has
recently completed her training, including the required year of acute care nursing,
may be considered just as competent as one who has many years of experience, but
who also completed her formal education long ago.31 The likelihood of supervision
increases with the total number of CRNAs in the county. Thus team care is more
likely the larger the absolute size of the local health-care sector, which is a proxy for
the technical sophistication and degree of specialization of health care.

The two variables designed to capture the Statewide political power of CRNAs –
the one based on prescription authority, and the opt-out variable, both have a
significant negative effect on the likelihood of MDA supervision. It is not surprising
that supervision by MDAs is less prevalent in States that eventually opt-out of the
physician supervision requirement. Finally, the market shares of CRNAs in the
county, and its square, have highly significant effects on the extent of MDA
supervision. Figure 2, which is constructed from the results in column 2 of Table 2
shows the effects of the CRNAs’ share of anesthesia providers in the county. In this
graph all the variables that affect MDA supervision other than the CRNAs’ market
share (and its square) are taken at the mean. Figure 2 indicates that the propensity
for team care increases as the market share of CRNAs increases from 0% to 39%,
and declines thereafter, and is lowest as the CRNAs’ market share approaches 100%
– a logical necessity, as then there are very few MDAs available for team practice.32
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Figure 2. Relation between CRNAs’ share of providers and extent of supervision by MDAs.
CRNA, certified registered nurse anesthetist; MDA, anesthesiologist

30 This finding is not necessarily evidence that the MDA is believed to be better suited to carry out

high-risk procedures than the CRNA. It could be argued that it is appropriate for more than one anes-

thesia provider to participate in these procedures, and that the customary, efficient way to do this is with a

CRNA and an MDA, rather than with two members of the same provider group.

31 In the regression reported in the next section, we do find that experience and experience squared

have significant effects on earnings, but they are relatively small.

32 To test the robustness of the result that the effect of the CRNAs’ market share on the extent of

their supervision by MDAs is concave (with respect to the horizontal axis), we replaced the two variables

we had (CRNAs’ market share and market share squared) in columns 2 and 3 of Table 2 with new

categorical variables for the CRNAs’ market share, defined as follows: (1) less than 1
2; (2) 1

2 or more but

less than 2/3; (3) 2/3 or more but less than 3
4; (4) 3

4 or more but less than 1; and (5) 1. These estimates

indicated the same type of concave relationship that is depicted in Figure 2.
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3.2.3 Explaining variation in earnings of CRNAs

Data on the earnings of CRNAs in 1999 were obtained from the AANA Member
Survey. The survey provided very detailed information on the individual’s earnings
and on the different types of fringe benefits.

Independent variables in the earnings equation. Our independent or explana-
tory variables in the regressions on log earnings include years of experience as an
anesthesia provider, sex and the region and population density of the CRNA’s
workplace. There are dummy variables indicating whether the individual was
self-employed or worked part-time. Other variables indicate whether the CRNA
is affiliated with (1) a group that includes physicians, or (2) a group that includes
only CRNAs. The motivation for this variable is that a CRNA may have less
leverage, and therefore less compensation, if she is in a group that includes
physicians.

Other variables indicate whether the CRNA worked in a surgical center, an
office, a hospital or university hospital, was an employee of a college or university,
or employed by the federal government (except for the Army), or the Army. The
specification in column 4 of Table 2 includes a variable for the number of beds in
the CRNA’s primary practice setting, on the grounds that this is a proxy for the size
of the hospital or other practice facility, its technological sophistication, the number
of health-care specialists in the practice setting, and the size of the bureaucracy. It is
well established in the literature of labor economics that larger firms pay higher
wages.33 Column 5, however, does not include this variable.

Another variable represents the number of anesthetics administered by the
CRNA during the preceding calendar year. This variable is a proxy for workload
or intensity of effort. We also include the variable representing the risk of
anesthesia administered by the CRNA; as explained in the appendix, the com-
pensation formula applied by Medicare (and by private health insurers) is partly
based on the complexity and difficulty of the procedure.

We again include the two variables designed to capture Statewide political
power: one for prescription authority, which can be considered a measure of the
political power of APNs existing at the time of the data, and the opt-out variable
representing latent political power of CRNAs. We also have variables repre-
senting political power at the county level: the CRNAs’ share of anesthesia
providers in the county, and the square of that share. The rationale is that MDAs
may be less able to achieve a dominant position in anesthesia if they are only a
small fraction of providers.34 We control for outliers by including as a variable
the total number of CRNAs in the county.

33 Ehrenberg and Smith (2009: 390–391).

34 In our estimation, we take the CRNAs’ share of the anesthesia market in each county as given. It

would be quite interesting to learn the extent to which the numbers of CRNAs per capita in a state is

determined by the number of CRNA training programs per capita in the state, and the extent to which the

numbers of MDAs per capita in a state is determined by the number of MDA residency programs per
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Finally, we included the fraction of the CRNA’s cases that are medically directed.
We explained above that under the Medicare rules in effect in 1999, a CRNA who
shared responsibility with an MDA would receive compensation of at most one-half
the amount she would earn as the sole anesthesia provider. This underscores the
importance of controlling for the fraction of a CRNA’s cases that are medically
directed. As explained above, we followed the procedure of Wooldridge (2003) to
determine whether this should be treated as endogenous in the earnings equation,
and found that the null hypothesis of exogeneity could not be rejected.

Results of regression on log earnings. The results reported in columns 4 and 5 of
Table 2 are quite similar; we will discuss the results in column 4, which includes
the variable for the number of beds. As in virtually all occupations, earnings
increase with experience, but at a declining rate; these effects, though highly
significant, are quite small. At the sample mean the aggregate effect for the first
five years of anesthesia experience is only $5985 (6.7% of initial earnings of
$89,120), and $10,363 (11.6%) for the first 10 years. The miniscule effect of
experience on earnings, and perhaps productivity, is in accord with our previous
finding that experience does not affect the likelihood of medical supervision.
Given the pace of technical change in anesthesia, the relative inexperience of a
recently graduated CRNA is almost entirely offset by the fact that her formal
education covers state-of-the-art anesthesia methods.

Male CRNAs, who are 47% of the sample, earn 11.6% more than females.
This result is generally consistent with findings of other studies. Researchers
have recently found premiums for males of 7.8% and 12%, for registered
nurses; 18%, for physicians; 14.2% for obstetrician/gynecologists; between
10% and 30% for audiologists; and 9% for veterinarians.35 Relative to work in
an office, the omitted reference category, there is a penalty for employment
in the US Army. The effect of being self-employed was not significant at con-
ventional levels in either the regressions on total compensation (results not
shown), or those on earnings. Earnings increase with the number of anesthetics
administered by the CRNA. Although the number of anesthetics measures
quantity, the variable indicating whether the CRNA performs high-risk proce-
dures is a proxy for the quality, or duration, of anesthesia procedures, and as
expected has a significant positive effect on earnings. Working part-time reduces
earnings.

The effects of geographic variables (at the end of Table 2 in Column 4) were
large and highly significant for six out of eight regions, showing, for example, that
compensation in the East and West South Central divisions is higher than that in the

capita. This would provide a good indication of the elasticity of supply of each of these groups. However,

this would require considerably more data than we have and would be a different article.

35 These results are from, with respect to registered nurses, Jones and Gates (2004) and Kalist (2002),

respectively; for physicians, Bashaw and Heywood (2001); for obstetrician/gynecologists, Kelly and

Pereles (1995); for audiologists, Rassuli and Roy (1986); and for veterinarians, Smith (2002).
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New England division (the omitted reference category) by 16.2% and 20.9%,
respectively.36 Some of this variation might be attributable to differences in
conversion factors for MDAs and CRNAs across geographical regions, but by
the same token the conversion factors are designed to reflect local market
conditions.37

With regard to the variables for Statewide political power, a high level of
prescription authority has a significant positive effect, whereas the opt-out
variable has a significant negative effect. The positive effect could reflect the fact
that when APNs have political clout, it is more likely that CRNAs would have
the right of direct reimbursement, and a relatively favorable compensation
formula, from private payers, and less likely that they will be employed directly
by MDAs. On the other hand, the negative effect could arise because MDAs
concerned about the independence of CRNAs may seek to replace them with
anesthesia assistants or other substitutes. This negative effect of professional
independence is consistent with the literature, and it is noteworthy that this
effect comes from the variable that applies specifically to CRNAs.

Again the market share of CRNAs and its square are highly significant, with
effects that are negative and positive, respectively. In Figure 3, which was con-
structed from the estimates in Column 4 of Table 2 we see the relation between the
CRNAs’ market share and their expected earnings, taking all other variables that
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Figure 3. Relation between CRNAs’ share of providers and their expected earnings. CRNA,
certified registered nurse anesthetist

36 The effect for the East South Central division, for example, is [exp(.15) 2 1]3100 5 16.2%. It is

interesting how these three divisions differ in terms of the composition of providers. The ratio of CRNAs

to MDAs is 1.85 in the East South Central division, 1.24 in West South Central and 0.79 in the New

England division.

37 In one specification we replaced the variables for the nine geographical Census divisions with

one variable for the anesthesia conversion factor in each locality (matching conversion factors to the

individual’s zip code). It turned out that this variable was not significant. Thus, the substantial variation in

earnings across geographic areas is not explained by differences in conversion factors, and must be

attributable to differences in local-market conditions.
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affect earnings at their mean value. As the market share of CRNAs increases from
zero, their predicted earnings decline, reaching a minimum when the share of
CRNAs is 47%. Thereafter, as CRNAs become the dominant majority of providers,
their earnings increase along with their market share.38

An explanation for this relationship is provided by the preceding discussion.
As the market share of CRNAs increases from a low value toward 50%, having
hospitals and HMOs treat CRNAs as equivalent providers causes more and
more damage to MDAs. MDAs can benefit by limiting the competition from
CRNAs, whether by requiring them to be supervised by MDAs, or replacing
them with anesthesia assistants, or by some other method. However, as the
market share of CRNAs increases beyond 50%, the costs of such antic-
ompetitive measures may become too large for MDAs, and the relative status of
the two groups again gravitates toward equivalence. Figure 3 shows that, as one
would expect, the expected earnings of CRNAs are greatest when they are
essentially the only anesthesia providers.

4 Summary and conclusion

To summarize, our objective was to analyze, and attempt to explain, variation in
anesthesia practice patterns and in CRNA earnings. To do so, we estimated two
equations, in which the dependent variables were (1) the fraction of the CRNA’s
cases that were medically directed, and (2) the log of CRNA earnings.

We found that the incidence of medical supervision is greater for part-time
workers and for those doing high-risk procedures; also, there is less supervision in
States that, by our measure, grant CRNAs a high level of professional indepen-
dence. With respect to earnings, we found that the effect of experience was small, a
result consistent with another finding, that experience does not affect the likelihood
of medical supervision. A male CRNA receives a substantial earnings premium, and
there is substantial variation of earnings across geographic areas. However, the
most striking results involve the relationships among the market shares of CRNAs,
the likelihood of medical supervision, and expected CRNA earnings.

Figure 3 indicates that the earnings of CRNAs decline as their market share
increases from 0% to 47%. When the market share of CRNAs is small, MDAs
may be more likely to accept institutional arrangements that treat these two groups
as substitutes. As the CRNAs’ market share increases, the damage from CRNAs’
to MDAs having equal stature increases, and it becomes worthwhile for MDAs to
incur the costs of establishing a dominant position in the provision of anesthesia.

38 To test the robustness of the finding that the effect of the CRNAs’ market share on their log

earnings is convex (with respect to the horizontal axis), we replaced the two variables we had (CRNAs’

market share and market share squared) in columns 2 and 3 of Table 2 with new categorical variables for

the CRNAs’ market share, defined as follows: (1) less than 1
2; (2) 1

2 or more but less than 2/3; (3) 2/3 or

more but less than 3
4; (4) 3

4 or more but less than 1; and (5) 1. These estimates indicated the same type of

convex relationship that is depicted in Figure 3.

256 D A V I D E . K A L I S T E T A L .



www.manaraa.com

Figure 2 shows that as the market share of CRNAs increases, the propensity for
team care first increases, but then declines as the market share grows beyond 39%.
A comparison of Figures 2 and 3 shows that, roughly speaking, the expected
earnings of CRNAs decline as the probability of MDA supervision increases, and
vice versa. The inverse relationship between CRNA earnings and team care is
consistent with our analysis of federal regulations. Figure 3 also indicates that
expected earnings are greatest when CRNAs have a clearly dominant share of the
anesthesia market. When the CRNAs become a clear majority of providers, they
are less likely to be relegated to a subordinate position in anesthesia services. Under
these circumstances MDAs may be less likely to be incurring the costs that would
be necessary to maintain anticompetitive measures such as regulations requiring
supervision of CRNAs, exclusive contractual arrangements between MDAs and
hospitals or HMOs, or rules of private payers granting direct reimbursement to
MDAs but not CRNAs. This research has implications for other economic rela-
tionships between professions with responsibilities that overlap, but that differ
substantially in years of training, such as the relations between opticians and
ophthalmologists, or between nurse practitioners and primary care physicians, or
certified nurse midwives and obstetrician-gynecologists. Our findings suggest how
in these other contexts the earnings of the less educated group, and the frequency of
supervision of the less educated by the more educated group, may be affected by the
relative numbers of the two groups.
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Appendix: Federal government regulation

This section reviews federal regulation of anesthesia services under the Medicare
and Medicaid programs. We will see that at different times these regulations
had substantial effects on: (1) the incentives for MDAs to provide anesthesia as
part of a team, rather than in solo practice; (2) the number of patients that an
MDA would want to supervise simultaneously; (3) the desire of hospitals to
employ CRNAs directly, or instead have them employed by MDAs who provide
anesthesia services to the hospital. This section also indicates the positions on
regulatory changes taken by the professional associations representing the
MDAs and CRNAs, respectively.

The basic compensation formula

In 1966 Medicare and Medicaid began allowing anesthesiologists (MDAs)
to bill the federal government directly, using prices that were ‘usual, customary
and reasonable’. Cromwell (1999) contends that this regulation was instru-
mental in causing the rapid growth of earnings of this specialty between 1970
and 1993.

Billing for the services of MDAs is done according to a formula that involves
base units, time units, and conversion factors. First, each operation is assigned a
number of base units that is designed to quantify the complexity or difficulty
involved in performing the anesthesia. The number of base units ranges from
3 points for the simplest operations (e.g. a circumcision) to more than 20 points
for the most difficult (e.g. open-heart surgery). Next one adds time units
determined by the duration of the anesthesia (it is considered appropriate to
compensate the anesthesiologist more for longer operations because he has no
control over the duration of the surgery). One time unit is assigned to each
interval of fifteen minutes. Finally, the total of base and time units is multiplied
by a conversion factor to obtain the total charge for the anesthesiologist’s
services. Suppose, for example, there is a coronary bypass operation on a patient
that takes four hours. Here there are 20 base units and 20 time units (5 h 3 4
time units per hour). If the conversion factor allowed by Medicare is $20, the
bill would be 40 3 $20 5 $800. Conversion factors vary by locality, and are
designed to reflect local market conditions.
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Changes in incentives for medical direction

Requiring MDAs to do specific tasks

In the early years of the Medicare program, MDAs who directly employed and
supervised CRNAs were paid their full allowable charge for each case, no matter
how many cases they were supervising at the same time.39 The effect of this
scheme was to give MDAs a powerful incentive to supervise as many cases as
possible. Over the course of time the Health Care Financing Administration
(HCFA) became concerned that MDAs who supervised several patients at once
were not providing sufficient medical attention to each patient. A regulation
adopted in 198340 specified seven tasks the physician would have to perform to
receive any payment for a case, including performing the pre-anesthesia
examination and evaluation; personally participating in the most demanding
procedures, including induction and emergence; and being physically present
and available for emergencies. Some, and perhaps all, of these tasks were well
within the purview of normal responsibilities of CRNAs.

Medicare’s limit on the number of CRNAs supervised

In support of the requirement that MDAs become more closely involved in the cases
they supervised, the 1983 regulations also limited the number of cases they could
supervise simultaneously. Specifically, the regulations provided that MDAs could not
be reimbursed for the simultaneous supervision of more than four CRNAs.41

The ASA had proposed disallowing reimbursement for the direction of more
than two CRNAs, and its position was incorporated in the original proposed
regulation. It was argued that this regulation was a cartel arrangement,
increasing the demand for MDAs by limiting the number of cases they could
supervise while at the same time preventing the use of substitute providers,
CRNAs, by requiring that they work under MDA supervision. AANA and its
members, along with some MDAs, particularly those from the South–East
region of the United States, argued for increasing the maximum ratio to 4:1 on
the grounds that a 2:1 ratio would increase the costs of providing anesthesia,
and these arguments prevailed in the final regulations.

The concern about the quality of care provided by an MDA supervising multiple
patients was also reflected in a federal statute enacted in 1987.42 One provision of

39 If, however, the CRNA being supervised was employed by the hospital rather than by the anes-

thesiologist, the anesthesiologist’s time units (but not base units) were halved.

40 42 Code of Federal Regulations Sec. 405.552 (1983). This regulation was implemented in October

1983, as part of the Medicare Prospective Payment System, pursuant to the 1982 Tax Equity and Fiscal

Responsibility Act, P.L. No. 97-248. Later regulations reduced these requirements for medical direction

beginning in 1999, for example, eliminating the requirements that the MDA prescribe the anesthesia plan

and remain physically present and available for emergencies.

41 42 Code of Federal Regulations Sec. 415.110; 42 USC. Section 1395xx.

42 Section 4002, The Omnibus Budget Reconciliation Act of 1987.
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this statute reduced the number of base units by 10% for a second patient, by 25%
for a third patient, and 40% for a fourth patient. Thus for four operations that have
20 base units apiece, the total base units obtained by taking successive cases would
become 20, 36, 45 and 48.43 This provision has been criticized on the ground that
the record keeping and reporting requirements imposed by the statute substantially
increased the cost of an anesthesiology practice.44

Changes in basic rules of compensation for hospitals and anesthesia
providers

The Prospective Payment System

Another development of major importance was the enactment of a 1983 statute
providing that, as part of the newly established Prospective Payment System (PPS),
all payments to hospitals under Part A of Medicare would be bundled into diag-
nosis-related groupings (DRGs).45 This would have required hospitals to pay their
CRNA employees from a fixed DRG payment, which would have created a sub-
stantial disincentive for hospitals to employ CRNAs. The services of MDAs were
not affected. Moreover, none of the CRNA’s compensation was to be deducted
from the DRG payment if the CRNA were employed by the MDA rather than by
the hospital. Payments made for the services of MDAs and their employees do not
reduce the amounts paid to hospitals, as MDAs receive their payment directly from
Medicare. A report by the Physician Payment Review Commission observed that
in response to the 1983 statute, ‘ymany hospitals attempted to shift employment
of CRNAs to MDAs, in order to shift costs onto Medicare Part B’.46

The right of CRNAs to direct reimbursement under medicare

The professional association for nurse anesthetists47 responded to this regula-
tion by proposing: (1) an exception to PPS (unbundling), that would allow
MDAs to charge for the services of CRNAs they employed under part B of
Medicare, for a three-year period; (2) an amendment to the PPS legislation to
provide a pass-through of CRNA costs to hospitals, for a three-year period; and
(3) legislation that would amend the Social Security Act to provide for direct
reimbursement of CRNAs.48 Under these proposals the compensation of both
hospitals and MDAs paid by Medicare would not be reduced by the cost of the
services of CRNAs, giving them an incentive to hire CRNAs.

43 Note, however, that time units of an anesthesiologist were not reduced by the 1987 statute.

44 Physician Payment Review Commission (1993), at 208.

45 The Social Security Amendments of 1983.

46 Physician Payment Review Commission (1993), at 206–207.

47 The American Association of Nurse Anesthetists.

48 The AANA had sought the right to direct reimbursement beginning in 1974, but had ceased its

efforts to have such legislation enacted after a few years.
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The first two proposals were adopted, the second in 1984, and the third was
enacted in 1986, to take effect in 1989.49 This marked the first time any nursing
group had been granted the right of direct reimbursement under Medicare. It is,
however, important to emphasize that CRNAs were not granted any right of
direct reimbursement outside of Medicare (e.g. under private health insurance or
Medicaid) by this legislation.

Limiting the compensation of physicians: the Relative Value Scale System

The compensation of MDAs, as well as other physicians, was affected by a 1989
statute50 that created the Resource-based Relative Value Scale system to deter-
mine the value of physicians’ services. Under this system, each physician service
was assigned a value relative to other services. The ‘relative value’ of each
service was determined by the amount of work involved for the physician, the
costs of the physician’s practice, and the cost of malpractice insurance. This
value was adjusted to reflect geographic differences in the costs of these three
components, and then multiplied by a nationally uniform dollar-conversion
factor to determine the amount that Medicare would pay for the service.51

Under this system, the services of MDAs were found to be overvalued, resulting
in reduced conversion factors for them beginning in 1991.

A provision of the Omnibus Budget Reconciliation Act of 1990 provided for
annual increases in the CRNA dollar-conversion factor over five years, so that it
would equal the conversion factor for MDAs by 1996. Thus as of 1996 CRNAs
and MDAs received the same compensation when they were the sole anesthesia
provider.52 This statute also expressed the intent that the conversion factor of a
CRNA under medical direction would be 70% of the conversion factor she
would receive if she worked alone.

Another change in incentives for medical direction: the cap
on team care

One consequence of the rule allowing direct billing by CRNAs was that hospital
cost records often showed an MDA and a CRNA billing for the same operation.
Consequently the total payment for a supervised case might be as much as 140%
of what an MDA could charge for working on the case alone (Cromwell 1999).53

49 42 United States Code 1395l(1)(5); Section 4524, The Omnibus Budget Reconciliation Act of

1986, enacted on October 21, 1986, effective as of 1 January 1989. This statute was preceded by a

stopgap measure, the Deficit Reduction Act of 1984, that had allowed hospitals to receive ‘pass-through’

payments for the services of the CRNAs they employed.

50 The Omnibus Budget Reconciliation Act of 1989.

51 United States General Accounting Office (1992), at 4.

52 United States General Accounting Office (1992), at 4.

53 The Physician Payment Review Commission found that in most payment areas, payments to a

team of one anesthesiologist supervising two CRNAs were 30–35% higher than payments to a single

anesthesiologist. Ibid. at 208.
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This state of affairs inevitably drew the attention of program auditors, in particular
the General Accounting Office (GAO, 1992). A corrective measure came with a
1993 statute54 that after a transitional period capped the payment for team care
in 1998 at 100% of the payment that would be made to an MDA working alone,
to be divided 50–50 between the MDA and the CRNA.

It turned out that this cap, combined with another section of the statute,
substantially reduced an MDA’s incentives to work with CRNAs. If a CRNA
and an MDA worked on a case together, each was to bill the program for one-
half the allowed payment. Thus as of 1998, when the 100% cap took effect, an
MDA would receive exactly the same compensation for working alone on one
case, as he would for supervising CRNAs on two concurrent cases.55 The upshot
was that this compensation structure removed most if not all the incentive for
supervising two cases, as opposed to handling one case alone, unless the CRNAs
who would be supervised were employed by the MDA rather than by the hos-
pital. If an MDA was supervising a CRNA employed by him, he could bill for
the full amount, and then compensate the CRNA at the market wage, which was
typically less than one-half the amount allowed by Medicare. An MDA still had
a financial gain from supervising three or four cases, rather than working alone
on one case. However, before 1993 team anesthesia had most often involved
only two concurrent cases, rather than three or four.56

The requirement of ‘physician supervision’

As the Medicare system was established in 1965, federal regulations have
required ‘physician supervision’ of CRNAs who perform anesthesia for Medi-
care patients in hospitals and ambulatory surgical centers. The original reg-
ulation provided that

‘If the hospital furnishes anesthesia services, they must be providedyunder the
direction of a qualified doctor of medicine or osteopathy’, and that anesthesia
may be administered by a CRNA ‘whoy is under the supervision of the oper-
ating practitioner or of an MDA who is immediately available if neededy.’57

This regulation appears to be largely symbolic, as it clearly allows a CRNA to be
the sole anesthesia provider, subject to the relatively meaningless formal
requirement that she is under the supervision of the operating physician. None-
theless, the AANA has for years vigorously lobbied for its repeal. The AANA’s

54 Section 5005, The Omnibus Budget Reconciliation Act of 1993; 42 US C. Section 1395w-4(a)(4);

Section 13951(1)(4)(B)(iii).

55 This was so because the 1993 law also repealed all reductions in the base and time units for

anesthesiologists supervising more than one case.

56 Rosenbach and Cromwell (1989). A 1990 Survey found that approximately two-thirds of anes-

thesiologists who provide team care practice in a 2:1 supervision ratio. Rosenbach and Ammering (1993),

citing ASA (1990).

57 42 Code for Federal Regulation Sect. 482.52 (a)(4).
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concern is that the rules of Medicare have enormous influence on the terms of
private health insurance plans and staffing assignments made by hospitals and
HMO’s. For example, MDAs can cite the regulation in support of the argument
that an MDA should be in charge of the hospital’s anesthesia department, or that
a hospital would be well advised to hire MDAs to minimize potential malpractice
liability.58

Allowing states to opt-out

In December 1997 HCFA proposed a regulation that would have repealed the
federal requirement of physician supervision, and delegated to the States both
the authority to determine which professionals are allowed to administer
anesthesia, and the degree of supervision required. However, in 2001 this pro-
posed regulation was replaced by another proposed regulation that instead
would allow individual States to opt-out of the physician supervision require-
ment. This regulation was adopted virtually as proposed on 13 November
2001.59 As of 1 June 2006, 14 States had chosen to opt-out of the physician
supervision requirement.60

58 However, the AANA has argued that a hospital could actually increase its exposure to malpractice

liability by adopting a rule that CRNAs must be supervised. According to this view, a hospital that could

otherwise argue that a CRNA is an independent contractor could become liable under a theory of

negligent supervision. Poirier (2004), at 9, n. 111, 113.

59 66 Federal Regulation 56762–56769, adopted by the Centers for Medicare and Medicaid Services,

an agency that was the successor to the Health Care Financing Administration.

60 Iowa was the first State to opt-out of the federal physician supervision requirement; it did so on 13

December 2001. The dates on which other States opted out were as follows: Nebraska, 25 February 2002;

Idaho, 14 March 2002; Minnesota, 22 April 2002; New Hampshire, 11 June 2002; New Mexico, 1

November 2002; Kansas, 1 April 2003; North Dakota, 16 October 2003; Washington, 16 October 2003;

Alaska, 29 October 2003; Oregon, 11 December 2003; Montana, 22 January 2004; South Dakota, 16

March 2005; and Wisconsin, 6 June 2005.
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