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Preface

Anesthesia is an important specialty within medicine and nursing, and professionals practicing
this specialty are integral members of health-care teams, especially those involved in surgical
procedures. The anesthesiology labor markets are diverse and intricate. Though “workforce
studies” have previously examined these markets, debate still persists on the methodologies
used to study them and on whether these markets are characterized by shortage or surplus.

Ethicon Endo-Surgery funded this study in order to conduct a comprehensive examina-
tion of the labor markets for Anesthesiologists and nurse anesthetists. For the study, we used
survey-based, noneconomic, and economic approaches to assess the labor markets for anesthe-
siology. The study was intended to compare conclusions across different methodologies.

RAND Health, a division within the RAND Corporation, is one of the largest private
health research groups in the world. More than 200 projects are currently under way, address-
ing a wide range of health-care policy issues. The research staff of more than 170 experts
includes physicians, economists, psychologists, mathematicians, organizational analysts, polit-
ical scientists, psychometricians, medical sociologists, policy analysts, and statisticians.

The authors of this report are listed in alphabetical order. Krishna B. Kumar, a senior
economist at RAND and a professor at the Frederick S. Pardee RAND Graduate School, is the
principal investigator of this project. He may be reached via email at Krishna_Kumar@rand.
org or by phone at 310-393-0411 x7589.

More information about RAND is available on our Web site: http://www.rand.org.
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Executive Summary

Anesthesiology is an important specialty within medicine and nursing. Several groups of highly
skilled professionals are involved in the provision of anesthesia services in the United States.
There are around 40,000 Anesthesiologists (ANs) and anesthesiology residents and 39,000
licensed Certified Registered Nurse Anesthetists (CRNAs) and student CRNAs in the United
States, and they provide most anesthesiology services. Labor markets for highly skilled profes-
sionals, such as those for anesthesia professionals, can be very “thin,” both because of natural
limitations in the aptitude and ability in the population to undergo the rigorous study and
training needed for practicing and because of the regulation of the supply of these profession-
als. These labor markets may not follow the precepts of “competitive” labor markets, in which
wages are flexible enough to result in an equilibrium in which supply equals demand. In these
markets, shortages or surpluses can occur. Shortages in this critical area of health care can lead
to problems in the provision of health services.

In this report, we summarize a study we have conducted on the labor markets for ANs
and CRNAG. The research questions that guide our study are as follows:

e What are characteristics of the AN and CRNA labor markets—their demographics,
employment arrangements, compensation, and usage of time?

* How do these characteristics differ by geography and facility?

e What are their perceptions of and preferences for anesthesia technologies, and how do
these depend on the above characteristics?

* Are these labor markets characterized by shortage or surplus?

Summary of Methodology

In our surveys, conducted in 2007, we gathered information about ANs and CRNAs on demo-
graphics, general employment (including compensation), time usage, preference for technology,
and future plans. Questionnaires for these two surveys were developed in collaboration with
the respective professional organizations, the American Society of Anesthesiologists (ASA)
and the American Association for Nurse Anesthetists (AANA). These societies also generously
made available their membership who could be reached electronically and requested to par-
ticipate in the survey. While the ANs and CRNAs could be relied on to provide individually
relevant data, they might be unable to provide data relevant for the entire facility or group
with which they were affiliated. In order to gather information at this level—e.g., remunera-
tion level, total number of procedures per day, number of ANs and CRNAs required per day,

xi



xii  An Analysis of the Labor Markets for Anesthesiology

waiting times—we surveyed directors of anesthesiology (ANDIRs). Unlike ANs and CRNAs,
ANDIRs do not have a professional association on which to rely for contact information.
Therefore, we relied on a stratified random sample we purchased from a vendor. Finally, since
surgeons are typically the direct users of anesthesia services, we surveyed them to get broad
details on AN and CRNA usage.

We use the data from these surveys to first characterize the AN and CRNA labor mar-
kets by demography, facilities, earnings, time usage, and preference for technology, focusing in
particular on the regional heterogeneity that exists in these characteristics. In doing this, we
go beyond summarizing statistics of the survey responses. We conduct statistical analysis to
disentangle the source of heterogeneity—for instance, to examine whether the observed geo-
graphical variation is driven by the concentration of larger facilities in certain regions.

We then turn our attention to analyzing whether the AN and CRNA labor markets are
characterized by shortage or surplus. We use three approaches of increasing completeness and
complexity for this purpose:

e The surveys included several workforce-related questions, including the number of open
positions, the need for extra professionals to handle the current volume of cases, and
whether the provider’s practice could handle more cases if additional staff could be hired.
We use the responses to these questions to assess the existence and extent of shortage or
surplus. While we use statistical techniques to validate responses (for instance, to examine
whether ANs and CRNAs perceive similar shortages) and address confounding factors
(for instance, to explore whether delays in procedures result from shortages of profession-
als or ineficiencies in scheduling), this approach can at best be used in conjunction with
other methods to assess the state of the labor market. Shortage or surplus is an aggregate
phenomenon, and individual responses go only so far in shedding light on it or in captur-
ing the multiple dimensions of labor markets.

* We conduct a demand-based analysis (DBA), the most commonly employed method in
workforce analysis, which is sometimes referred to as noneconomic analysis (see Lane and
Gohmann, 1995). We sum up the supply of full-time equivalent (FTE) workers present
in a particular state using national averages of clinical hours worked, which we gathered
from our surveys (49 hours per week for ANs and 37 for CRNAs). We then calculate the
demand based on the actual volume of services provided, which is then reexpressed in
terms of FTEs using time taken per unit of service (e.g., procedure, patient), again based
on national averages. While, nationally, these two quantities would have to be equal,
within a state, demand could exceed supply, in which case there is a shortage; if supply
exceeds demand, then there is a surplus. There is substantial variation in outcomes across
states. Furthermore, the unit of variation in regulations regarding residency, education,
licensing, and reimbursement mechanisms is the state. We therefore conduct our analysis
at the state level, which appears to be the appropriate unit of analysis. If instead of using
actual hours worked from our surveys, we use an arbitrarily fixed workweek (for instance,
40 hours per week, as used in other studies), then, even nationally, supply will not equal
demand. However, as we discuss in Appendix H, the conclusion of a shortage or surplus
is highly sensitive to the assumption used for the fixed workweek.

* Finally, we use an econometric (economic) analysis to estimate statewide supply and
demand and, hence, shortage or surplus. Whereas the DBA approach ignores wages
and relies only on the quantity of labor to draw inferences on shortage/surplus, the eco-
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nomic approach relies on estimating the relationship between demand/supply and wages.
Economic theory suggests that labor supply increases with wages while labor demand
decreases with wages. In this view, a change in wages induces a behavioral response on
the part of working professionals and their employers that noneconomic approaches, such
as DBA, cannot capture. If wages fully adjust, the market will be in equilibrium—that is,
supply will equal demand. However, as we discuss in greater detail in Chapters Two and
Four, a disequilibrium model, in which rigidity of wages causes excess demand (short-
age) or excess supply (surplus), might be more suitable to analyze the anesthesiology labor
markets. We estimate such a model to infer shortage/surplus by state. This approach
makes the most complete use of information available on wages and other factors that
vary by state and could influence supply or demand (e.g., percentage of population over
65, health maintenance organization [HMO] penetration, capacity of medical facilities).
Given this way of distinguishing supply from demand, the model is capable of providing
estimates of shortage/surplus not only at the state level but also at the national level.

These three approaches have their own strengths and drawbacks, but each contributes to
our understanding of how the labor markets for anesthesia providers function, and, together,
they provide a range of estimates, which can be used to gauge the robustness of our conclusions.
If we lean toward the economic approach, it is due to its more extensive use of information—
for instance, on wages and institutions—than the noneconomic approach.

Summary of Results

Survey Findings

The surveys, conducted in 2007, were a rich source of information on various aspects of the
CRNA and AN labor markets. We found that there is a great deal of heterogeneity in work
arrangements for both types of professionals. Only around 40 percent of CRNAs and ANs are
employed by a single group, and 40 percent by a single facility or hospital.! The rest work for
multiple groups or facilities or are locum tenens.2 ANs work more hours and make about twice
as much as CRNAs. ANs spend a greater percentage of their time on general anesthesia, while
CRNAs spend more time than ANs do on monitored anesthesia care (MAC).

There are clear urban/rural differences in the labor markets for anesthesiology. CRNAs
and ANs are more likely to be employed by a facility in rural areas and, as we would expect,
tend to work in smaller facilities. Rural facilities are more likely to employ CRNAs and less
likely to employ ANs. CRNAs and ANs tend to work separately more often in rural areas than
in urban ones as well. Both ANs and CRNAs make more money in rural areas, and rural
CRNAs also work longer hours. Urban ANs and CRNAs spend more time on general anes-
thesia and less time on other types of anesthesia.

There are even more-pronounced regional differences in the practice of anesthesiology. In
the Western United States, facilities in which ANs and CRNAs operate are generally smaller
than facilities in other parts of the country, and many of those facilities do not use CRNAs.

U Groups refers to physician or CRNA group practices and hospitals, and facilities includes university and nonuniversity

hospitals, academic medical centers, ambulatory surgical centers, and office suites.

2 A practitioner who temporarily takes the place of another.
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AN in the West are most likely to be employed by groups, while CRNAs in the West are least
likely to be employed by groups. In this region, CRNAs and ANs tend to work separately from
one another, and interactions between them are less frequent than in other regions. Where
CRNAs work in the West, they tend to spend a relatively large percentage of their time in
regional/spinal and obstetrical anesthesia compared to their counterparts in the rest of the
country. Western CRNAs earn the most, while Western ANs earn the least.

The situation looks quite different in the Northeast. There, ANs and CRNAs tend to
work in larger facilities than they do in the West. They are typically used in the same facili-
ties and work more often on the same procedures. CRNAs in the Northeast spend more time
in procedures, and a larger fraction of AN and CRNA procedures involve MAC. When we
examine specific procedures, including colonoscopies and electrophysiology study (EPS) labs,
preference for anesthesia providers over non—anesthesia providers is higher in the Northeast
than in other regions. Northeastern CRNAs and AN tend to work fewer hours and generally
earn less than their colleagues in other parts of the country.

We also used our surveys to gather information on the technology preferences of anes-
thesia providers. Technology could be developed and used in anesthesiology to potentially
ease any labor shortages; it is therefore important to understand how anesthesia providers feel
about increased use of technology. Interestingly, we find that a majority of ANs and CRNAs
across the country tend to prefer the adoption of more technology. CRNAs and ANs are most
likely to prefer better technology in general anesthesia. ANs are less likely than CRNAs to
want better technology for MAC and more likely than CRNAs to prefer better regional/spinal
anesthesia technology. CRNAs and AN are most likely to prefer better technology in patient
monitoring and drug delivery over anesthesia machines and respirators/ventilators.

Again, we find geographical differences. Those in the Midwest are consistently less likely
to prefer more technology than are those in the Northeast. However, the largest geographical
differences are not in whether more technology was preferred but in which type of technology
is preferred. Urban CRNAs are more likely to want better technology for anesthesia machines
and patient monitoring, and urban ANs are more likely to want better technology for patient
monitoring. Western CRNAs and ANs are also less likely to want more monitored anesthesia
technology.

Analysis of Labor-Market Shortage/Surplus

As mentioned earlier, we use three methods to assess shortage/surplus in the labor market
for anesthesia providers. Our survey-based approach, in which we directly questioned AN,
CRNAs, ANDIRs, and surgeons on various dimensions of shortage or surplus, yields a few
interesting results. We find that a large number of ANs (47.4 percent) report that their “employer
needs more ANs to meet current demand,” and an even larger number of CRNAs report that
their “employer needs more CRNAs to meet current demand” (79.1 percent). ANDIRs are also
more likely than ANs to report needing more CRNAs to meet demand (29.1 percent versus
22.2 percent).

There is a statistically significant relationship between a CRNA or an AN reporting
that there are “any open positions” in their primary employment arrangement and that their
“employer needs more CRNAs/ANs to meet current demand.” We find that CRNAs and ANs
in the Northeast are significantly more likely to report open positions, particularly relative to
the West, and CRNAs and AN in urban areas are also significantly more likely to report open
positions than are those in rural areas. The greatest evidence for a shortage of anesthesia pro-
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viders is in the Northeast and in urban areas. Northeastern and urban CRNAs and AN are
most likely to report that their employer could handle more cases if they had more CRNAs/
AN:s. Interestingly, we find that urban CRNAs have not increased hours worked, despite indi-
cations of shortage.

This survey evidence is more suggestive than conclusive, which is the reason we conduct
both a DBA and an economic analysis to further investigate shortages in these labor markets.

As mentioned already, in DBA, when we use the average clinical workweek gathered from
our surveys to define FTE (49 hours for ANs and 37 for CRNAs) and our method for identify-
ing supply and demand, we find that the national labor markets are (roughly) in equilibrium.
However, there is wide variation in state-level estimates. We find that 25 states for AN, and 19
for CRNAs, are in shortage. For AN, the estimates range from a 36-percent surplus in Wash-
ington, D.C., to a shortage of 82 percent in Alabama. In absolute numbers, Florida, Alabama,
and North Carolina exhibit the most shortage, and California, New York, and Massachusetts
the most surplus. For CRNAs, the estimates range from a 38-percent surplus in South Dakota
to a shortage of nearly the same percentage in Iowa. In terms of absolute numbers, Pennsylva-
nia, Michigan, and Florida exhibit the most shortage, and Minnesota, North Carolina, and
California the most surplus.

According to the economic approach, the current supply of ANs (FTE) would have to
increase by 3,800 to meet U.S. demand, and the current supply of CRNAs (FTE) would have
to increase by 1,282 to meet U.S. demand. We find that more than 54 percent of the states
are experiencing a shortage of ANs, and more than 60 percent a shortage of CRNAs. Again,
there are sizable variations across states. Delaware is seen to have a surplus of ANs of more
than 26 percent, while Idaho has a shortage of more than 46 percent. Nevada has a surplus of
CRNAs exceeding 53 percent, while New York has a shortage of nearly 28 percent.

The DBA and economic analysis agree in classifying states as experiencing shortage or
surplus in only 44 percent of the cases for ANs, and in 52 percent of the states for CRNAs.
States with high wages and income are more likely to be classified as facing shortage in the
economic approach than in the noneconomic approach, presumably because the latter does not
use any information other than the amount of labor. The survey-based approach of estimating
shortage correlates well with the economic approach. Given its more complete use of avail-
able information, the economic approach might be more relevant for evaluating these labor
markets.

The overall conclusion is that shortage of ANs and CRNAs is highly likely at the national
level, with the survey approach providing hints of such a shortage and the economic analysis
providing stronger confirmation.

Finally, to shed light on how the anesthesiology labor markets might evolve in the future,
we use a simple linear projection of supply and demand to examine the evolution of both labor
markets until 2020, starting at equilibrium. Using the clinical week averages from our sur-
veys, average entry and exit rates from the recent past for both groups, and a growth rate in
the demand for surgeries of around 1.6 percent between 1985 and 2004, we find a projected
shortage of ANs by 2020, and an excess supply of CRNAs. However, there are scenarios in the
entire range of parameter values we examine in which these situations reverse. These projec-
tions simply extrapolate the past and do not account for any changes in the future that might
cause future trends to be different, such as changes in the rate of entry or exit from the profes-
sion, change in work practices, or an unexpected change in demand for anesthesia services.






Acknowledgments

We are grateful to Ethicon Endo-Surgery for supporting this research. We are especially grate-
ful to Donn Mueller for his feedback throughout the course of this project.

We received very valuable cooperation from the American Society of Anesthesiologists
(ASA) and the American Society of Nurse Anesthetists (AANA). Their feedback in the design
of survey instruments, endorsement of our surveys, and generous access to their membership
lists ensured high levels of participation in the surveys, increasing the robustness of our conclu-
sions. At ASA, Karin Bierstein, Mary L. Kuffner, and Jason R. Byrd were particularly helpful,
as were Jeffery M. Beutler and Luis A. Rivera at AANA.

At RAND, Soeren Mattke, who initially oversaw the suite of projects of which the present
one was part, provided us continuous support and valuable guidance, as did Katherine Harris
later. We are also grateful to other RAND colleagues, particularly John Romley and Darius
Lakdawalla, for their suggestions on the econometric methodology that we employ in assessing
shortage/surplus. Emmett Keeler and Alan White provided detailed comments on an earlier
draft, which has considerably improved this report. We are grateful to them for their review.

Surveys were at the heart of our research, and we are thankful to RAND’s Survey
Research Group, especially Suzanne Perry, and RAND’s Multimode Interviewing Capability
(MMIC) online survey group, especially Tania Gutsche and Albert (Bas) Weerman, for ensur-
ing that the surveys were conducted efficiently and smoothly. Nancee Inouye provided valuable
administrative support.

xvii






Abbreviations

AA
AANA
AN
ANDIR
ARF
ASA
CRNA
DBA
EPS
FTE
HMO
MAC
MMIC
NRMP
TEE

anesthesiology assistant

American Association for Nurse Anesthetists
Anesthesiologist

director of anesthesiology

Area Resource File

American Society of Anesthesiologists
Certified Registered Nurse Anesthetist
demand-based analysis
electrophysiology study

full-time equivalent

health maintenance organization
monitored anesthesia care

Multimode Interviewing Capability
National Resident Matching Program

transesophageal echocardiography

Xix






CHAPTER ONE
Introduction

Anesthesiology is an important specialty within medicine and nursing. Several groups of
highly skilled professionals are involved in the provision of anesthesia services in the United
States. Anesthesiologists (ANs) are physicians who, after four years of medical-school educa-
tion, have received specialized residency training in anesthesiology. Certified Registered Nurse
Anesthetists (CRNAs) are nurses who have received specialized training and certification in
anesthesiology. The practice of anesthesiology is also served by anesthesiology residents who
are undergoing training to become full-fledged ANs, student CRNAs, and anesthesiology
assistants (AAs). Anesthesiology services are typically provided as part of other medical proce-
dures. In other words, they are intermediate rather than final services. As such, surgeons and
other medical practitioners, such as gastroenterologists, are the proximate users of anesthesiol-
ogy services. Facilities where procedures are conducted, such as hospitals and ambulatory-care
centers, round off the anesthesiology “system.”

In this report, we summarize a study we have conducted on the labor markets for ANs
and CRNAG. There are around 40,000 ANs and anesthesiology residents and 39,000 licensed
CRNAs and student CRNAs in the United States, and they provide most anesthesiology ser-
vices. Labor markets for highly skilled professionals, such as those for anesthesia professionals,
can be very “thin,” both because of natural limitations in the aptitude and ability in the popu-
lation to undergo the rigorous study and training needed for practicing and because of the
regulation of the supply of these professionals. These labor markets may not follow the precepts
of “competitive” labor markets, in which wages are flexible enough to result in an equilibrium
in which supply equals demand. In these markets, shortages or surpluses can occur. Shortages
in this critical area of health care can lead to problems in the provision of health services.

Previous studies have identified potential shortages of both ANs and CRNAs. Eckhout
and Schubert (2001) found that both physician and nonphysician anesthesia personnel are in
short supply. Among CRNAEs, there are concerns about the aging of the profession, which has a
current mean age of 48 years, thus providing a workforce with many individuals close to retire-
ment age.! We conducted a rigorous study of these labor markets to measure the potential size
of any existing shortages or surpluses. The information in this report can be used by profes-
sional associations and the health-care industry to facilitate future planning,

Moreover, previous studies of the anesthesiology workforce have proved controversial.? It
is therefore useful to employ different methodologies, as we do, to assess shortage or surplus,

1 See, for instance, MCCG (undated).

2 For instance, Schubert, Eckhout, Cooperider, and Kuhel (2001) question the assumptions made by the American Soci-
ety of Anesthesiologists (ASA) (1994) to arrive at the conclusion that the labor market for anesthesiology was at surplus.



2 An Analysis of the Labor Markets for Anesthesiology

and evaluate the reasons for convergence or divergence across these methodologies. Given that
ANs, CRNAs, surgeons, and facilities are joint inputs used to provide anesthesia services,
studying them together would allow us to understand how the interactions among the char-
acteristics of these various inputs influence the labor markets. This will not be possible if these
markets are studied separately.

The research questions that guide our study are as follows:

e What are characteristics of the AN and CRNA labor markets—their demographics,
employment arrangements, compensation, and usage of time?

* How do these characteristics differ by geography and facility?

e What are their perceptions of and preferences for anesthesia technologies, and how do
these depend on the above characteristics?

* Are these labor markets characterized by shortage or surplus?

The Practice of Anesthesiology

AN are physicians who are trained extensively in the delivery of anesthesia, and a large per-
centage of them are certified by the American Board of Anesthesiology or the American Osteo-
pathic Board of Anesthesiology as capable of managing complicated medical and surgical situ-
ations. After completing a medical degree, prospective ANs must complete four years of an
intensive residency before qualifying for board certification. After initial certification, ANs are
required to be recertified every ten years. The primary professional association for AN is the
ASA.

CRNAs and AAs are licensed professionals with a master’s degree and the training neces-
sary to participate in the delivery of anesthesia. CRNAs are far more prevalent in the United
States than AAs, with more than 39,000 licensed and student CRNAs (compared to fewer
than 1,000 AAs) (AANA, undated). CRNAs have been delivering anesthesia for more than
125 years, and yet the profession has expanded significantly only since the late 1970s (Bankert,
1989). CRNAs must be recertified every two years by the National Board on Certification and
Recertification of Nurse Anesthetists. The professional association representing CRNAs is the
American Association for Nurse Anesthetists (AANA). More than 90 percent of the nation’s
CRNAs are members of AANA. Although relatively similar in training and scope of practice,
AAs differ from CRNAs in several ways. They are licensed by a separate board, the National
Commission for Certification of Anesthesiologist Assistants. The training programs are also
slightly different, and AAs are trained only to work under the direction of Anesthesiologists.
Yet, CRNAs and AAs are both listed in the Code of Federal Regulations (42 C.F.R. 482.52)
as being eligible to administer anesthesia.

There is significant variation across states in how CRNAs are used in the provision of anes-
thesia. In 2001, the U.S. Department of Health and Human Services Centers for Medicare and
Medicaid Services decided that states could opt out of the requirement that CRNAs be super-
vised by a physician (CMS, 2001). Fifteen states have opted out of the physician-supervision

Miller and Lanier (2001, p. 969) note that the response to that study was dramatic and widespread: “Applications to US
anesthesiology training programs declined dramatically, and many trainees already in anesthesiology training programs
changed specialties.”



Introduction 3

regulation—from earliest to latest, lowa, Nebraska, Idaho, Minnesota, New Hampshire, New
Mexico, Kansas, North Dakota, Washington, Alaska, Oregon, South Dakota, Wisconsin,
Montana, and California. There is a significant amount of debate over the appropriate scope of
practice for CRNAs (ASA, 2004; AANA, 2007). The arguments over the mix of professionals
focus on both cost and safety considerations (Abenstein et al., 2004; Cromwell, 1999; Pearson,
2002). The debate about the division of labor between CRNAs and ANs appears to be driven
by the notion that these labor sources act as direct substitutes for one another (Cromwell,
1999). Yet, to the best of our knowledge, there are no significant studies that examine whether
CRNAs and ANs are primarily substitutes (either provider can provide anesthesia care) or
complements (both providers are needed to provide anesthesia care).?

Wide variation in who actually provides anesthesia is seen throughout the United States
(Cromwell and Snyder, 2000). CRNAs can work directly with ANs, or ANs can supervise
CRNAs who are working in several different rooms. Often, physician supervision can mean
simply having an AN “on call” rather than directly supervising CRNAs. In addition, CRNAs
and ANs can both provide anesthesia independently. CRNAs have become a particularly
important labor source in rural areas, where they often provide anesthesia independently.
However, in some other areas, such as California, CRNAs are rarely used (Seibert et al., 2004).
Finally, some forms of anesthesia—particularly conscious (moderate) anesthesia—can be pro-
vided without any anesthesia provider at all. ASA has published a document to describe the
appropriate practices for anesthesia provision by non—anesthesia providers (ASA, 2002).

While this report focuses on the labor markets for CRNAs and AN, it is important to
keep in mind that surgeons, nurses, and other medical professionals also play important roles
in providing anesthesia for many procedures. The data collected through our surveys allow us
to examine the variation in provider mix and time usage and to get a partial glimpse at the role
these other providers play.

Current Literature

The State of Anesthesiology Labor Markets
The discussion over the appropriate provider mix has been overshadowed by an even larger
debate on whether there is a shortage of anesthesia providers in the United States. The conclu-
sions from one study (ASA, 1994) led to fears of an oversupply of ANs and actions across the
country to reduce the number of new ANs being trained and certified. Since then, a series of
reports has been produced that have questioned some of the assumptions made in the 1994
study (about, e.g., utilization of operating rooms, the growth of surgical procedures) and argue
that cuts made in AN training have resulted in a shortage of ANs that will become even more
acute in the near future (Eckhout and Schubert, 2001; Schubert, Eckhout, Cooperider, and
Kuhel, 2001; Schubert, Eckhout, and Tremper, 2003). A simultaneous discussion has been
taking place regarding a shortage of CRNAs. All of these reports argue that CRNAs, like most
nurses, are facing a shortage as well (Cromwell et al., 1991; Mastropietro et al., 2001; Merwin,
Stern, and Jordan, 20006).

The literature on medical labor shortage provides a number of reasons that the AN and
CRNA labor markets may be facing shortages. A common explanation for nursing shortages

3" Ttwas beyond the scope of this study to examine the extent to which CRNAs and ANs are substitutes versus complements.
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is that hospitals have monopsony power (bargaining power in hiring situations). Because there
are relatively few highly differentiated facilities available as employers in an area, these facilities
may have significant market power to set wages below the level that would be seen in a more
competitive market (Robinson, 1988; Sullivan, 1989). However, more-recent studies have chal-
lenged this explanation for nursing shortages (Hirsch and Schumacher, 2005; Staiger, Spetz,
and Phibbs, 1999). Another argument made is that significant demographic changes and rapid
economic growth over a short period of time will not allow time for supply to catch up with
the increasing demand (Cooper et al., 2002). Yet another explanation is that there has been
insufficient investment in training facilities for these providers of anesthesia (Tremper, Shanks,

and Morris, 20006).

Methodologies Used in Labor-Market Assessment

There are a variety of methods used in the literature to determine whether there is a shortage
of medical providers. Demand-based analysis (DBA) is perhaps the most widely used approach
(and, for this reason, it is one of the methods we also employ in this study). This method is
often termed noneconomic, since it does not typically take wages into account. It is based on
quantities alone. Supply is calculated from hypothetical full-time equivalent (FTE) medical
providers from primary surveys or secondary data sources. Demand is calculated from indi-
cators or proxies of patient usage of medical services—that is, from a different data source.
For instance, one set of noneconomic analyses uses ratios of medical providers to a number
of proxies for demand, such as population over 65 and the number of surgeries (HHS, 2006;
Lane and Gohmann, 1995; Fallacaro, 1997). The idea is that, if the ratio is low, falls below
some predetermined level, or is projected to decrease, shortage is more likely. Another set of
noneconomic analyses attempts to proxy for demand using such measures as inpatient days
and chart times and compares this to labor hours supplied by medical providers (Lee, Jackson,
and Relles, 1998; Schmitz, Lantin, and White, 1999; HHS, 2006). The U.S. Department of
Health and Human Services focuses primarily on these noneconomic methods to count and
compare demand and supply in recent documents it has published on workforce-assessment
methodologies (HHS, 2006, 2007). As we describe in Chapter Two, our analysis uses data
from the same primary surveys for supply and demand calculations, under different assump-
tions for “identifying” (that is, distinguishing) each.

A less commonly used method of identifying shortage is economic models (Fair and
Jaffee, 1972). Lane and Gohmann (1995) argue that it is unwise and unrealistic to examine
these labor markets without considering wages. When there is an upward pressure on demand
and, therefore, on wages, workers may choose, in response, to increase their hours worked
above what is normally considered as full time. Hence, wages paid, along with hours worked,
tell us a great deal about the tightness of labor markets. DBA uses only quantities (hours sup-
plied and demanded) and not prices (wages); economic analysis uses both.

In fact, Lane and Gohmann (1995) show that economic and noneconomic analyses gen-
erate results that agree only 60 percent of the time. They argue that economic models are pref-
erable because they offer policymakers a wider range of solutions rather than simply increasing
supply, presumably because they seek to use all the information available on prices (wages) and
quantities. Economic models of labor markets can therefore be a good complement to other
approaches in order to assess the state of the CRNA and AN labor markets and those in the
health-care segment in general.

The contributions of our study to the existing literature are as follows:



Introduction 5

* We use primary data collected through multiple surveys of the various professional groups
involved in providing anesthesia care. These surveys help us to provide a rich, descriptive
picture of the labor market for anesthesiology, including practice patterns, wages, and
preference for technology. In addition, these surveys, which recognize that the different
groups jointly provide anesthesia services, allow us to ask pointed questions about work-
ing patterns that aid in the comprehensive assessment of the anesthesiology labor markets.

* While workforce studies have been done separately for the AN and CRNA labor markets,
to the best of our knowledge, no study has jointly examined these markets. For instance,
our econometric analysis treats the AN and CRNA markets jointly and allows for wages
in one market to influence demand in the other. Without such a combined analysis, it
would be difficult to exploit any complementarities that exist in anesthesia-care provision
to provide a more accurate assessment of the two labor markets.

* By employing three different methodologies in the assessment of the AN and CRNA
labor markets, we are able to provide a multifaceted perspective on the condition of these
markets. When the approaches differ, we are able to shed light on the reasons for the dif-
ferences, thereby contributing to the debate on the efficacy of the different methods. Our
contribution is therefore as much on the methodological front as it is on the substantive
front.

* Unlike most existing studies, and as is explained in detail in Chapter Two, our study
exploits variation across states on such dimensions as education and licensing and, there-
fore, estimates shortage or surplus by state rather than a national figure alone. Given the
high degree of heterogeneity we observe across states in labor-market characteristics, the
statewide estimation is a significant addition to existing studies.

The rest of this report proceeds as follows. In Chapter Two, we describe our research
methodology in greater detail. In Chapter Three, we summarize the findings from our surveys,
focusing on the geographical and urban/rural variation that exists in the AN and CRNA labor
markets. Chapter Four is devoted to a discussion of our analysis on the shortage and surplus
in these markets. In Chapter Five, we present a few simple scenarios to study how supply and
demand in the two labor markets might evolve up to the year 2020. In Chapter Six, we con-
clude with a synthesis of our findings and a list of possibilities for future research.






CHAPTER TWO

Research Methodology

This chapter discusses the surveys that were used to collect data for the studies and the meth-
ods that were used in the workforce estimates. In consideration of the broad scope of our
research questions and the level of data it takes to answer these questions, we concluded that
the public data were not sufficient. We therefore created surveys for four different groups that
are associated with the labor market for anesthesia: ANs, CRNAs, directors of anesthesiology
(ANDIRs), and surgeons.

Survey Design

Anesthesiologist Survey

The AN survey gathers information on demographics, general employment information
(including compensation), time usage, preference for technology, and future plans.' It was
developed collaboratively with ASA, which also endorsed the survey and shared member infor-
mation with us so that we could email the link to the online survey to its members. The Web-
based survey was hosted and administered by Multimode Interviewing Capability (MMIC), a
RAND-based unit with expertise in the design and administration of Internet surveys.

We had access to ASA’s entire membership file. This consisted of 23,667 records. Of
those, we selected all ANs who had provided their email addresses to ASA. This resulted in a
target sample of 19,941 ANs. Each accessible member was sent an initial mailing, followed by
two reminders if there was no record of response. We had 4,554 responses, which amounted
to a response rate of 22.8 percent. To construct population weights, we had to deal with three
different groups of ANs. First, not all ANs are members of ASA. Hence, they could not be sur-
veyed. We relied on the Area Resource File (ARF) to adjust counts of ANs by states. The ARF
provides a count of all ANs in each state for 2006. The total AN population was estimated
to be 39,698.2 The second group did not have email addresses available in the ASA file.> We

! The questionnaire used for the AN survey can be found in Appendix A.

2 Aslong as excluded or included groups do not vary by the strata (mentioned below) used in the calculation of probability
weights, what matters for the analysis are percentages rather than actual counts of ANs and CRNAs. Results are likewise
delivered in percentages and can be applied to a given total number of ANs or CRNAs. As we will see, the only absolute
level that matters for the analysis is the definition of FTE.

3 A probit regression of the likelihood of not having an email on gender, age, and region—the information that we have
available—showed that, while those without emails are slightly more likely to be female and older, there were not significant
regional differences.
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grouped them with other nonrespondents—the third group—and created probability weights
based on state, gender, and age.*

Certified Registered Nurse Anesthetist Survey
The CRNA survey also gathers information on demographics, general employment informa-
tion (including compensation), time usage, preference for technology, and future plans. The
survey consists of nearly 50 questions. To facilitate comparisons between the two groups, we
designed the CRNA survey to be as similar to the AN survey as possible. The survey was
developed collaboratively with AANA, which also endorsed the survey and emailed the link
to the online survey to its members. This Web-based survey was also hosted and administered
by MMIC.5

The AANA membership file consisted of 27,889 records. We had email access to 22,791
of its members. Each accessible member was sent an initial mailing, followed by two remind-
ers if there was no record of response. We had 5,441 responses, which amounted to a response
rate of close to 24 percent. To account for those CRNAs who opted out of receiving email,
we had to weight our responses appropriately.S An additional problem for part of the analysis
was that no ZIP Code information was available for approximately 18 percent of respondents;
it was not possible to identify the state of residence for these respondents.” For most analyses,
we simply kept those responses. For any analysis involving classification by state, we did not
include them. Weights of remaining respondents were adjusted accordingly, and the aggregate
counts are unaffected. The total size of the CRNA population is not known from the ARF.
However, AANA estimates the population (including nonmembers) to be 33,914. We scaled
weights so that they aggregated up to population size.?

Director of Anesthesiology Survey

ANDIRs are in charge of the allocation of ANs and CRNAs and hence have a good overall
view of labor-market conditions, as well as other general information, such as remuneration
level, total number of procedures per day, number of ANs, CRNA required per day, and wait-
ing times. We therefore included a survey of ANDIRs in our study. Information from this
survey is used to supplement the analysis; we do not rely on it exclusively to draw our conclu-
sions. The survey consists of more than 30 questions, some with subquestions.’

4 To construct probability weights, we first calculate the predicted probability, based on a regression of those who
responded, as a function of state, gender, and age. Denote by p the predicted probability based on this probit regression.
Then the probability weight is w = 1/p. We adjusted w so that the sum aggregates to the total population as estimated from
the ARF.

> This method of surveying runs the risk of selection bias if members and nonmembers systematically differ. The question-
naire used for the CRNA survey can be found in Appendix B. The questions used in the AN and CRNA surveys were very
similar. We had to take into consideration input from ASA in developing the AN survey and AANA for the CRNA survey,
which is the source of the few differences.

¢ We constructed probability weights in the same way as for the AN survey, using gender, state, and age and calculating
the weight as the inverse of predicted probability.

7 A probit regression of the likelihood of missing a ZIP Code on explanatory variables, such as gender, age, and experience,
indicated that males, older CRNAs, and CRNAs with more experience were less likely to be missing ZIP Codes. CRNAs
with missing ZIP Codes do not seem to work more or fewer hours or work for different employers.

8 The assumption made here is that missingness of ZIP Codes is not systematically related to states.

9 The questionnaire used for the ANDIR survey can be found in Appendix C.
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ANDIRSs are not part of a separate, large professional association, so we were not able to rely
on a membership list for a sampling frame. We instead acquired a list of nearly 4,000 ANDIRs
across the country from SK&A Information Services, a provider of contact lists that is located
in Southern California. In addition to names and addresses, the list also provided the number
of beds in each establishment. While this survey was Web based, like the AN and CRNA sur-
veys, the directors in the sample had to be contacted by regular mail, and follow-up had to be
done by phone. Due to cost considerations, we chose to target a random stratified sample of
1,313 directors from a population of 3,676.

We drew a stratified sample based on different characteristics of potential respondents. In
particular, we stratified based on

census region: Northeast, Midwest, South, and West

rural versus urban county, as classified by the U.S. Department of Agriculture

3. facility size (measured by the number of beds in the establishment: small hospitals have
0-125 beds, medium hospitals 126-250 beds, and large hospitals 250 or more beds).

o=

We sampled from each stratum in order to ensure adequate representation of different
types of establishments in different geographical settings for our statistical analysis. Hence,
a higher fraction of records in those cells with lower population representation was selected
as part of the sample, and vice versa for those cells with higher population representation.
Table 2.1 shows the sample selection by stratum.

We had 679 responses, which amounts to a response rate of 51.7 percent. We use weights
throughout to calculate population estimates.!® These weights correct for both sampling and
differential nonresponse across the dimensions used for stratification of the sample.

Survey of Surgeons
We primarily rely on these three surveys (ANs, CRNAs, and ANDIRs) for our analysis. But

we also surveyed surgeons in selected specialties. Our questions were added to a survey that

Table 2.1
Directors of Anesthesiology: Stratified Sample Design

Northeast Midwest South West
Beds Rural Urban Rural Urban Rural Urban Rural Urban
Frame (3,676)
<125 78 91 383 146 311 204 169 130
125-250 32 146 64 131 117 254 16 187
>250 10 246 19 286 28 416 1 211
Sample (1,313)
<125 53 57 68 61 84 65 62 58
125-250 32 69 58 64 64 52 16 67
>250 10 105 19 109 28 96 1 m

10 The weights were computed for each cell using this formula: weight = (no. in population)/(no. in sample).
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was conducted for another RAND project. We received responses from 816 surgeons and other
specialists in general surgery, orthopedic surgery, plastic surgery, urology, obstetrics/gynecol-
ogy, cardiology, and gastroenterology. Appendix D presents the portion of the survey that is
relevant to this project. Since the sample selection was not done randomly across all surgical
specialties (enough surgeons were surveyed in these specialties to get roughly equal numbers of
responses in each specialty), we refer to findings from this survey where appropriate in our text
but do not use them for formal analysis.

Labor-Market Assessment Methodologies

Our first step is to provide a thorough description of the AN and CRNA labor markets. We
examine the demographics of ANs and CRNAs, the makeup of employers and facilities where
they are employed, time use, earnings, and technology preference. We primarily rely on results
from the AN and CRNA surveys and use the results from the ANDIR and surgeons surveys
to support or weaken these findings.

We use probit/regression analysis to identify variation in the various elements of the labor
market. All of these analyses control for the census region in which the respondent resides
and whether the respondent (or facility) is located in an urban or rural county. Many of our
analyses also control for facility size (number of beds for ANDIR; number of surgeons in the
primary facility for AN and CRNA surveys), and some control for additional variables, such
as employer type. We also attempt to link some of our labor-market features through probit
and regression analysis to examine whether the regional patterns we find are representative of
larger institutional differences in these regions. Both our probit and regression analyses and
the estimates presented in our tables are weighted with our sample weights (described earlier)
to ensure that the estimates are representative of the entire population (as we have defined it).
We focus on regional and rural/urban differences and identify those differences that are sig-
nificant (p < 0.05).

We then use three methods to assess the labor-market conditions. Throughout this report,
we use shortage and excess demand interchangeably, as we do surplus and excess supply. We pres-
ent the technical details in Appendixes E and F and results based on the various methods in
Chapter Four.

Survey-Based Analysis
We included questions in the surveys to directly gauge potential shortages. In the AN and
CRNA surveys, we include questions on job openings, employer need for more anesthesia
professionals to meet current demand as well as to handle more cases, the recent history of
changes to hours worked, the willingness to increase hours worked, and the extra compensa-
tion that would be needed if so willing. In the ANDIR survey, we included questions on the
time it takes to fill open AN and CRNA positions, an indication of whether procedures had to
be postponed due to a lack of anesthesia professionals, and whether the facilities needed more
ANs and CRNAs to meet current demand. We examine the heterogeneity in the responses
to these questions by region and facility size and study how they correlate to other responses.
Despite our use of statistical techniques to validate responses and address confounding
factors, the survey-based approach can provide, at best, corroborating evidence to other meth-
ods to assess the state of the labor market. Shortage or surplus is an aggregate phenomenon,
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and individual responses go only so far in capturing the multiple dimensions of labor markets.
To more completely explore the question of whether the labor markets for ANs and CRNAs
are experiencing shortage, we must employ techniques that identify and aggregate supply and
demand in these markets.

Demand-Based Analysis

We next conduct a DBA, the procedure most commonly followed in workforce analyses of
physicians and nurses. The basic idea behind DBA is to sum up FTE workers in a particular
region and to calculate the demand for services in terms of FTE providers, using information
on average provider time required per unit of service. When demand equals supply, there is
equilibrium; if demand exceeds supply, there is a shortage; if demand is less than supply, there
is a surplus.

A key challenge in an analysis of labor markets is distinguishing supply from demand—
the so-called identification problem. As mentioned earlier, most DBA studies have solved this
problem by calculating supply and demand from different sources. For instance, Lee, Jack-
son, and Relles (1998) used membership files from the American Academy of Orthopaedic
Surgeons and the U.S. Department of Health and Human Services’ Health Resources and
Services Administration’s ARF to calculate supply. They estimated demand from levels of uti-
lization of orthopedic services from several national data sets generated by the National Center
for Health Statistics and, to convert utilization data into work times, conducted a survey of
practicing orthopedic surgeons.

Our analysis uses data from the same primary surveys for supply and demand calcula-
tions. We sum up the supply of full-time equivalent (FTE) workers present in a particular state
using national averages of clinical hours worked gathered from our surveys (49 hours per week
for ANs and 37 for CRNAs)."" We then calculate the demand using the actual volume of ser-
vices provided and time taken per unit of service (e.g., procedures, patient)—again based on
national averages—which is then reexpressed in terms of FTE. While, nationally, supply and
demand would have to be equal, within a state, they need not.!2

That leaves us with the task of identifying supply and demand within a state. It is impor-
tant to realize that the quantity of labor, ¢, that we observe could be eizher demand or supply.
This is represented graphically in Figure 2.1, where ¢/ denotes demand and 4° denotes supply.
The 45-degree line denotes points at which supply equals demand (that is, the market is in
equilibrium). The horizontal lines denote points at which supply exceeds demand (surplus),
and the vertical line denotes points at which demand exceeds supply (shortage). For instance,
where qod intersects the vertical line in Figure 2.1, there is a shortage of qod -4,

1 \We retain states that have more than five survey responses. For AN, we retain 49 states (we drop Alaska and Wyoming
and include the District of Columbia as a state), and, for CRNAs, we retain 47 states (we drop Alaska, Montana, Vermont,
and Wyoming and include the District of Columbia as a state).

12 Our method, therefore, identifies relative shortages and surpluses across states. We also assess the labor markets with a
predefined figure for FTE as done in previous workforce studies, instead of using the hours from our surveys. For instance,
Engen et al. (2005) use a 40-hour FTE definition in their study of the Canadian anesthesia workforce; Reinier et al. (2005)
use a 40-hour FTE in their study of the U.S. nursing workforce; and Pisetsky et al. (1998) use a 40-hour FTE for physi-
cian assistants and advanced practice nurses in assessing the value of work performed by anesthesiology residents. Any fixed
definition for the workweek, such as 40 hours, would yield shortage/supply at the national level, but, as shown in Appendix
H, the results are highly sensitive to hours assumed for the clinical workweek.
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Figure 2.1
Excess Demand and Supply in Demand-Based Analysis
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Since we calculate shortage or surplus across states, by considering some of the compo-
nents of either supply or demand as invariant across states, we can exploit the heterogeneity in
the data observed (for instance, average hours worked per week) for identification of demand
and supply at the state level. Implicit in this procedure is the strong assumption that prefer-
ences, technology, compensation, and productivity are identical across states. Appendix E pro-
vides the technical details of the calculations for DBA.

We proceed stepwise to the final shortage/surplus values that we seek. First, if the desired
number of working hours is considered invariant across the country (counterfactual supply),
then differences in hours of work across states can be attributed to differences in demand.
States where providers work more than the desired level are in excess demand and, where they
work less, in excess supply.

Second, if instead the amount of time to do a particular procedure is considered invariant
across states (counterfactual demand), then it can be shown that states where procedures are
done faster have a larger shortage. We can use such chart times (gathered, in our case, from our
surveys) to calculate counterfactual demand and compare with the actually observed supply.
The intuition is that, if there is a shortage of supply and the number of procedures demanded
is the same (a situation of excess demand), then procedures have to be done faster. This, of
course, makes the rather strong assumptions mentioned earlier, that differences in procedure
times are entirely attributable to a shortage or a surplus and that such factors as differences in
productivity do not play any role.

These two procedures attribute all variation across states to differences in either hours
worked or time per procedure. If we instead combine both considerations (that both desired
working time and per-procedure time are given), we can show that the variation in the number
of procedures can be exploited to distinguish demand from supply. States that perform more
procedures than average have a larger shortage. This third step can be thought of as capturing
the total variation observed, which is then “decomposed” into the two components described
in the earlier two steps. While we focus on the outcomes of the third step in our discussion, it
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is useful to present the outcomes of the first two steps as well, to examine where most of the
variation lies—hours worked or time per procedure.

For calculations involving demand, we disaggregate by type of procedure. Respondents
were asked the percentage of their clinical time spent doing general anesthesia, monitored
anesthesia care (MAC), obstetrical anesthesia, and regional and spinal anesthesia. We use their
report on the total number of clinical hours to convert these percentages to hours. We also
obtain the number of procedures done per week. We appropriately weight these to aggregate
them to the state level. To minimize the effect of outliers and measurement errors, we compute
the time per procedure using the aggregated responses at the state level rather than individual
responses.

Identifying demand and supply from the same data source, instead of different data
sources, aids consistency. Questions on hours worked and time spent per procedure when
answered by an individual in the same survey are likely to be more accurate than when deduced
from different data sources and surveys. However, the problem of identifying supply from
demand is trickier when the same data source is used and involves the use of counterfactuals as
described earlier. Using different data sources for DBA permits calculation of national short-
age or surplus. While our approach yields equality of supply and demand at the national level,
it identifies shortage/supply at the state level. Previous studies have not conducted state-level
assessments of anesthesiology labor markets. The equality at the national level we obtain can
also give a point of reference against which future workforce estimates can be compared.

Irrespective of whether the same data set is used or how supply and demand are identified,
the key limitation of DBA is that it does not use any price (wage) data—an important part
of the supply/demand calculus. For example, higher compensation in a particular state could
be responsible for a higher quantity of labor supplied there. Characterizing this phenomenon
as a shortage, as would be done with one of the assumptions mentioned earlier, is not accu-
rate. What the DBA assumes is that the supply curve is totally inelastic. That is, labor supply
is unresponsive to wages. DBA also does not use information on differences in regulation and
institutions, relying purely on observed quantities of labor. While wage and other consider-
ations are implicit in the observed quantities, DBA does not consider a structural relationship
between these quantities and wages. We next turn to describing the econometric (economic)
approach, which does use wage data and institutional differences across states and is therefore
our preferred method of assessing the labor markets for anesthesiology.

Econometric Analysis

The econometric approach involves estimating a demand and supply relationship under dif-
ferent assumptions about what may be causing excess demand or supply. Such models take
account of behavioral responses that cannot be modeled with the DBA discussed in the previ-
ous section.

There is substantial variation in outcomes across states. Furthermore, the unit of variation
in regulations regarding residency, education, licensing, and reimbursement mechanisms is the
state. We therefore conduct our analysis at the state level, which appears to be the appropriate
market. It is not possible to disaggregate at the county level because too few respondents per



14 An Analysis of the Labor Markets for Anesthesiology

county are present. We keep information on states with more than five survey responses.!* Our
final sample consists of 48 states with this information.'

We use sampling weights to aggregate responses up to the state level. As with the DBA
discussed in the previous section, we use national averages of clinical hours worked, gathered
from our surveys (49 hours per week for ANs and 37 for CRNAs) to convert labor quantities
to FTEs. In addition to the quantity of labor, from our surveys, we use data on hourly wages
(annual earnings divided by annual hours of work), average number of procedures per week as
a measure of output, and, as a measure of preference for technology, the percentage of respon-
dents in a state who report that their primary employer is too slow at adopting technology.

We also use a number of state-level variables from sources other than our surveys in order
to characterize the states and associate them with supply or demand. First, we use the ARF to
get information on the total population and the population 65 or older. We also use a measure
of population density and median income. As a proxy for competition, we use the health main-
tenance organization (HMO) penetration rate for 2004. As a measure of capacity, we also use
the total number of hospital beds available in the states.

For ANs, we use information on AN residency positions available for the year 2004. For
CRNAs, we obtained information on the number of accredited nurse-anesthetist education
programs in the state.

We specify the labor supply for each group of anesthesia providers (ANs and CRNAs) at
the state level as dependent on wages and other variables likely to influence supply. Likewise,
we assume the existence of a demand function at the facility level that is aggregated up to the
state level. The quantity demanded also depends on wages (capturing the potential simultane-
ity of the supply/demand system) as well as on output (procedures) and other variables likely to
influence supply. If the labor market is in equilibrium, supply equals demand, and these quan-
tities and the wages are determined simultaneously. However, as discussed in Chapter One,
existing literature seems to suggest that there are institutional constraints that prevent the
market for anesthesia providers from maintaining equilibrium. Therefore, a disequilibrium
model might be the more relevant one.

The common approach to modeling disequilibrium is to assume that prices or wages
are exogenous (that is, that they do not adjust to equate quantities demanded and supplied).
In that case, the minimum of the quantity demanded and supplied is observed. When the
observed quantity is the supply, we are in a situation of excess demand. When the opposite
occurs, there is excess supply.

Figure 2.2 illustrates this point. Hypothetical demand and supply are plotted against
wage. If the market is in equilibrium, the quantity observed will be at the intersection of
demand and supply. If we start from a wage different from the equilibrium wage, there will
be excess demand or excess supply. For instance, at wage w, demand is higher than supply. If
wages can adjust freely, the employers will bid up the wage. However, if prices cannot adjust
(for instance, due to a fixed rate of reimbursement by programs, such as Medicare), the disequi-

13 There is a trade-off here: If we had insisted on a higher threshold, data from a few of the smaller states would have been
discarded. For the estimation of the parameters, we weight state-level likelihood contributions by the square root of the
number of underlying respondents in the cell. Under random sampling with equal population variance across cells, the
sampling variance is inversely proportional to the square root of the sample size within the cell. Hence, we down-weight
cells with few observations and give more weight to cells with more observations.

14 When we use the word national to refer to a shortage or surplus, we refer to the aggregation of those states we analyzed.
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Figure 2.2
An lllustration of Disequilibrium
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librium at wage w persists. There is unmet demand in the market as only ¢‘(w) workers work.
If the price is set above the equilibrium wage, a situation of excess supply will arise. The heavier
line denotes the minimum of demand and supply that will be observed under disequilibrium.

This figure can also be used to illustrate the shortcoming of DBA discussed in the pre-
vious section. If the wage were w', the same observed quantity ¢'(w) would be indicative of a
surplus rather than a shortage. Classifying a situation as a shortage or surplus on the basis of
quantity of labor alone is therefore not appropriate.

Empirically, the exclusion restrictions that distinguish supply from demand and allow
estimation of the equilibrium model are well understood. In our context, we need one deter-
minant that appears only in the supply equation (but not the demand equation) and one that
appears only in the demand equation; residency openings are included only in the AN labor
supply equation, and the HMO penetration rate is included only in the AN labor demand
equation. We also exclude the wage and output of CRNAs from the AN supply equation. For
CRNAs, we follow a similar strategy with the number of accredited nurse-anesthetist educa-
tion programs in the state used in the supply equation. The equilibrium model is easily esti-
mated by the two-stage least-squares method.

The disequilibrium model with fixed wages does not require exclusion restrictions. How-
ever, we impose the same restrictions as in the equilibrium model because these seem natural
and may sharpen the estimation.

The surveys we conducted elicited a response that helps identify the wage elasticity of
labor supply—that is, the percentage by which the number of hours worked increases for a
1-percent increase in the wage rate. We asked respondents whether they would increase hours
by 10 percent. If they said yes, they were asked how much income they would require. They
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were given the choice of 5 percent, 10 percent, 20 percent, 25 percent, or more than 25 percent.
If the respondent did not want to increase hours, we assigned that respondent an elasticity of 0.
Therefore, in the disequilibrium model, where the wage is considered fixed and the dependence
of supply on the wage is not econometrically determined, we fix the coeflicient on wage in the
model equal to the average state-level elasticity gathered from the survey.

The disequilibrium model is estimated via the method of maximum likelihood, follow-
ing Maddala and Nelson (1974). The model delivers the probabilities that the situation is one
of excess demand or of excess supply. Following Gourieroux (2000), we can also estimate how
far wages are from the equilibrium wages. This is done by equalizing predicted demand and
supply and solving for the equilibrium wage. This quantity is then compared with the actual
wage.



CHAPTER THREE

Survey Findings

The surveys we conducted are a rich source of information on the labor markets for anesthe-
siology. By collecting information from the major participants in the anesthesia labor market
(ANs, CRNAs, ANDIRs, and surgeons), we are able to capture the institutional intricacies and
the variety of practice methods in anesthesiology. Exploring the labor market and its variation
across different regions and facilities is a necessary step in understanding any shortage or sur-
plus that we find in the labor markets. In this chapter, we summarize the key findings of the
surveys.!

It is important to note that not all findings presented in this chapter are used in the
shortage/surplus analysis conducted later. The data actually used are presented in each of the
methods employed to analyze shortage/surplus. Our aim in this chapter is primarily to sum-
marize the responses to our questionnaires in order to capture the intricacies of the labor mar-
kets for anesthesiology.

We first analyze some basic demographic characteristics of the AN and CRNA popula-
tions. We will then relate these characteristics to their labor-market participation and technol-
ogy preferences.

Demographic Patterns

CRNAs are more likely than ANs to work in rural areas (Figure 3.1). ANs are much more
likely than CRNAs to work in the Northeast and the West. The ANDIR survey shows similar
distributions of CRNAs and ANs across regions and rural/urban areas.

Overall, ANs are more likely to be male and CRNAs are more likely to be female
(Figure 3.2). Yet, gender composition differs markedly depending on whether we are looking
at urban or rural CRNAs. In rural areas, more CRNAs are male (62 percent, versus 38 percent
female).

The average age for both CRNAs and AN is 49, and the average years of experience are
16 for ANs and 17 for CRNAs. A higher proportion of ANs are between the ages of 40 and
55, while CRNAs are more evenly spread across all ages (Figure 3.3). More than one-quarter

I The survey instruments are presented in Appendixes A through D. A familiarity with the questions asked in the surveys

would facilitate a correct interpretation of the descriptions that follow. The analysis we present is based on survey responses
rather the sampling frames, which did not have all the details. The results reported in the text are significant at the p < 0.05
level in probit and linear regressions that control for region and urban/rural county (as well as facility size, for the ANDIR
results). To avoid clutter, we do not show complete regression results and all details we discuss in the text in the tables. These
can be obtained from the authors upon request.

17
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Figure 3.1
Locations of Certified Registered Nurse Anesthetists and Anesthesiologists
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Figure 3.2
Gender of Anesthesiologists and Certified Registered Nurse Anesthetists
Figure 3.2: Gender of Anesthesiologists and CRNAs
100% O Male
? 83% 79% @ Female
80% -
62% 60%
60% -
38% 40%
40% -
17% 21%
20% -
0%
Rural Urban Rural Urban
ANs CRNAs

of all CRNAs have only one to five years of experience. In contrast, fewer than 15 percent of
ANss are in this lowest experience category.

Employment Arrangements

Our analyses indicate that there is significant regional and rural/urban variation in labor-
market patterns. In this section, we focus on differences in employment arrangements for ANs
and CRNAs, and we compare their characteristics with those from the ANDIR survey. We
focus on differences in these patterns across our main demographic dimensions: region, rural/
urban, and gender.
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Figure 3.3
Distribution of Age and Experience (years)
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Employers

ANs and CRNAs were queried about their primary employment arrangement. Nearly 80 per-
cent of ANs and CRNAs report their primary employment to be with one group or one facility
(Figure 3.4). ANs are more likely than CRNAs to work for one group or in multiple facilities
and less likely to work for one facility.

Table 3.1 looks at regional differences in type of employer for CRNAs and ANs. The
following findings are statistically significant even after controlling for age, experience, and
gender, which might be responsible for these differences on their own:

e The urban/rural differences are the same for ANs and CRNAs, with both groups more
likely to work for one facility in rural areas.

* Regional differences run in opposite directions for ANs and CRNAs. Controlling for
urban/rural differences, ANs in the Northeast are most likely to work for one facility,
while CRNAs in the Northeast are less likely to be working for one facility (and more
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Figure 3.4
Primary Employment Arrangement
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Table 3.1
Differences in Type of Primary Employer (%)
CRNAs ANs

Location One Group One Facility Other One Group One Facility Other
Northeast 43.6 35.9 20.6 39.9 37.5 22.6
Midwest 37.6 43.4 19.1 47.0 32.3 20.7
South 40.0 35.5 24.5 445 31.2 24.3
West 29.9 44.0 26.1 50.3 22.4 27.4
Rural 33.6 43.9 22.5 36.7 45.5 17.9
Urban 40.1 374 22.5 459 29.9 24.2

likely to be working for a group) than CRNAs in the Midwest and West. The West
appears to have to most differences in type of employment arrangement.

AN tend to have longer tenure in their current primary employment arrangement. More
than 50 percent of the CRNAs have five years or less with their current primary employer,
while only 37 percent of ANs have five years or less (Figure 3.5). The average number of years
of tenure with the primary employer is around 8.5 years for CRNAs and 10.3 years for ANs.

AN tend to work for larger employers of ANs. Forty-five percent of the CRNAs work
with fewer than ten other CRNAs in their primary employment arrangement, while less than
30 percent of ANs work for employers with fewer than ten ANs (Figure 3.6). The mean number
of CRNAs in the primary employment arrangement is 22.3, while the mean number of AN
in the primary employment arrangement is 33.9.

These primary employment arrangement characteristics may be related to both the need
for anesthesia professionals and employers’ ability to hire them when needed. Therefore, these
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Figure 3.5
Tenure with Current Primary Employment Arrangement (years)
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Other Certified Registered Nurse Anesthetists and Anesthesiologists in Primary
Employment Arrangement

Figure 3.6: Other CRNAs/ANs in Primary Employment Arrangement
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characteristics may have implications for whether there is a shortage in the labor market. We
take them into consideration in our later analysis of potential shortage.

Facilities
CRNAs and ANs were asked about the primary facilities in which they provide services. Even
while working for one group, these professionals may split their time across multiple facilities.
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Hence, we also break down employment by whether they work primarily in one facility or in
multiple facilities. We find that a little less than half of the CRNAs work in multiple facilities,
while a little more than half of the ANs work in multiple facilities (Figure 3.7).

We find that a lower proportion of CRNAs in the South and in the West work in multiple
facilities than their counterparts in the Northeast. By contrast, ANs in these regions are more
likely than those elsewhere to work in multiple facilities. Urban ANs are more likely to work in
multiple facilities (see Table 3.2). These results are consistent with those reported in Table 3.1:
The ANs and CRNAs who are most likely to be employed in a single group are the ones most
likely to work in multiple facilities.

Employing or having access to CRNAs does not mean that their services will be used
on a daily basis. The ANDIR survey found that facilities in the Midwest and South are more
likely than facilities elsewhere to use CRNAs daily and that facilities in the West are the least
likely to use CRNAs daily (Table 3.3). We also find that Northeastern facilities are most likely

Figure 3.7
Primary Place of Employment
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Table 3.2
Regional Differences in Facilities
CRNAs ANs

Location Single Facility Multiple Facilities Single Facility Multiple Facilities
Northeast 52.1 46.5 49.6 47.7
Midwest 55.1 44.0 46.7 51.9
South 56.5 41.7 447 53.8
West 59.0 38.2 34.6 64.0
Rural 66.8 32.3 66.5 31.7

Urban 53.3 45.0 42.5 55.8
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Table 3.3

Facilities Not Using Any Certified
Registered Nurse Anesthetists or
Anesthesiologists Daily (%)

Location No CRNAs No ANs

Northeast 20 5
Midwest 1" 28
South 9 18
West 55 18
Rural 9 45
Urban 26 5

to use AN daily, and these differences remain significant when we control for facility size and
whether the facility is located in an urban/rural county. The ANDIR survey also found that
urban facilities were more likely than rural ones to use ANs daily, while rural facilities were
more likely to use CRNAs daily.

Our ANDIR and CRNA analyses show similar regional results for direct hiring. The
ANDIR survey found that Southern facilities are less likely to directly hire ANs and CRNAs
than to obtain services through independent providers. In the CRNA survey, we find that
Southern and Northeastern CRNAs are more likely to be employed by a group than a facility
(and less likely, therefore, to be directly hired). However, in the ANDIR survey, we do not find
too many regional differences for AN, except that the Northeastern facilities are more likely
to use ANs. The AN survey also indicates that Southern ANs are less likely than those in other
regions to be hired by one facility but more likely to be hired by one group.

We asked CRNAs and ANs about how many other CRNAs, ANs, and surgeons work
in their primary facility. Table 3.4 reports the mean and median number of each type of
employee. CRNAs appear to work with more CRNAs and with fewer ANs and surgeons in
their facilities than ANs do.2

There are clear regional differences in the number of fellow health-care providers CRNAs
and AN report in the facilities. Table 3.5 reports the median number of CRNAs, ANs, and
surgeons in various regions. As reported by both CRNAs and ANs in the Northeast, there is

Table 3.4

Health-Care Providers in Primary Facility

Providers CRNAs ANs Surgeons

CRNAs Mean 17.7 10.6 22.5
Median 10 6 15

ANs Mean 13.9 23.9 56.5
Median 7 16 32

2 One cannot calculate the average ratio of surgeons to ANs or CRNAs directly from this table, since the ratio of averages
differs from the average of ratios. Based on individual responses, the average ratio of surgeons to ANs is 4.5, and of surgeons

to CRNAs is 6.5.
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Table 3.
Dai‘fbfeerznsces in Median Number of Other Health-Care Providers in Facility, by Location

CRNAs ANs
Locations CRNAs ANs Surgeons CRNAs ANs Surgeons
Northeast 10 7 20 9 20 35
Midwest 10 5 14 9 15 30
South 9 5 15 10 14 30
West 6 3 10 0 19 40
Rural 4 1 10 4 5 15
Urban 12 7 17 7 18 40

typically a combination of both types of providers in the facilities, though the ratio of CRNAs
to ANs and the number of surgeons differs depending on who is reporting. CRNAs in the
Midwest, South, and West report a 2-to-1 CRNA-to-AN ratio, while ANs report working with
fewer CRNAs. The difference is particularly pronounced in the West, where the average AN
reports working with no CRNAs. This is in line with our findings in Table 3.3, which indi-
cated that 55 percent of Western facilities do not use any CRNAs. AN also appear to work in
larger (and different) facilities in terms of number of surgeons. As expected, we also find that
urban facilities employ more of all labor sources. Urban facilities have a lower CRNA-to-AN
ratio, in line with our finding that the majority of ANs are working in urban areas.

Earnings

We now turn to analyzing how CRNAs and ANs are compensated for their services. A rela-
tively small percentage of the respondents—11.25 percent of CRNAs and 20.22 percent of
ANs—chose not to answer our questions on wages but did respond to the more general ques-
tion on sources of income. Respondents were given the flexibility to provide their earnings as
dollar figures or within ranges.>

The data indicate that most income comes from fixed contracts, though there is wide
variation in the percentage of income coming from other sources (Table 3.6). There are large
regional differences in the percentage of income from fixed contracts, particularly for ANs.
Western ANs and CRNAs receive a much larger portion of their earnings from fee-for-service
work. The urban/rural difference in source of earnings is significant only for ANs, with urban
AN earning less of their wages from fixed contracts than rural ANs do. The greater fixed-
contract earnings for CRNAs in urban areas are driven by census-region effects.

Figure 3.8 presents the sources of income for ANs by type of employer. It is clear that
those who are employed by a single facility or considered locum tenens earn, on average, a
greater portion of their income from fixed salary or contract. Those who are employed by
groups and multiple facilities receive more fee-for-service income.

3 For those respondents that provided us with earnings in a range, we imputed exact income amounts by assuming that
the distribution of earnings within each range was the same as that for respondents who provided us exact dollar amounts
within that range.
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Table 3.6
Percentage of Income from Various Sources
CRNAs ANs

Location Fixed Contract Fee-for-Service Other Fixed Contract Fee-for-Service Other
Northeast 92.2 3.7 4.1 70.5 23.7 5.8
Midwest 89.3 7.3 3.4 60.3 34.6 5.1
South 87.9 9.3 2.7 63.0 32.6 4.4
West 76.8 20.7 2.5 38.9 56.6 4.5
Rural 81.3 15.8 2.9 64.1 33.0 2.9
Urban 89.4 7.5 3.1 58.1 36.9 5.0

Figure 3.8

Mean Percentage of Anesthesiologists’ Income from Various Sources
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Figure 3.9 presents analogous results on the percentage of income that CRNAs receive

from various sources. It is clear that, on average, CRNAs receive a much greater percentage of

their incomes from fixed salary or contract. There is much less variation across types of employ-
ers, though we find that CRNAs working for multiple groups or facilities are slightly more
likely to receive fee-for-service income.

The average annual income for ANs is $337,551, and, for CRNAs, it is $151,380. The

medians are similar to the respective averages—an indication that the earnings distribu-

tions are not too skewed. These findings confirm our findings on compensation from our
ANDIR survey. ANDIRs report average annual salaries for ANs and CRNAs of $303,000 and

$149,000, respectively.
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Figure 3.9
Mean Percentage of Certified Registered Nurse Anesthetists’ Income from Various Sources
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CRNAs earn significantly less in the Northeast than their counterparts in other regions,
and the ones in the West earn the most (Table 3.7). However, the higher annual wages for
Western CRNAs are driven by the greater number of hours worked by these CRNAs, because
the difference relative to the Midwest and South is no longer significant when we use the
hourly wage. Average annual AN earnings were highest in the Midwest and South and lowest
in the West. However, regional differences in hourly AN wages are not statistically significant,
with the results primarily driven by differences in hours and urban/rural location.

CRNAs in urban regions earn less than their rural counterparts, while ANs in urban
regions earn more. However, this is true only for annual earnings. When annual earnings are
converted to hourly earnings using the data provided on average weekly hours, urban CRNAs

Table 3.7
Regional Differences in Earnings ($)
CRNA Survey AN Survey

Location Annual Hourly Annual Hourly
Mean 151,380 76.08 337,551 127.98
Northeast 139,768 71.51 328,220 122.74
Midwest 155,941 79.55 350,313 138.30
South 158,724 79.09 348,934 131.13
West 169,655 82.95 316,614 117.87
Rural 177,505 85.48 329,908 160.51

Urban 151,280 76.80 338,080 125.73
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and ANs are both paid less. As in the CRNA survey, in the ANDIR survey, CRNAs in rural
areas earn more. By contrast, the ANDIR survey did not find any regional or rural/urban dif-
ferences in pay for ANG.

It is possible that the lower wage incomes paid to CRNAs and ANs are compensated
with better benefits. To shed light on this possibility, we examined the data we collected on
employer contribution for a variety of benefits, including health insurance, disability, dental,
vision, retirement, and long-term care, as well as employer provision of education or training
funds. On average, employers cover 70.76 percent of health-insurance costs and an average of
60.47 percent of disability insurance for CRNAs but only 59.46 percent of health-insurance
costs and 35.19 percent of disability for ANs. Employers cover somewhat more on average for
all benefit categories, except retirement, for CRNAs than for ANs (see Table 3.8).4

Even after controlling for income differences, CRNAs and AN in the South have signifi-
cantly lower health-insurance coverage amounts. We also find that ANs in the Midwest and
West have lower benefits than those elsewhere. Urban CRNAs receive more health-insurance
coverage than their rural counterparts, which might help explain some of the income differ-
ences we see for these areas. There are also significant differences by gender. Not only do men
receive higher salaries; they also receive more benefits. These regional, urban/rural, and gender
differences remain even when we control for the number of hours worked.

Time Usage

In gathering information on time usage or procedures done, our questions generally ask for
the percentage of time or procedures spent on a particular type of activity. The surveys did
not explicitly ask whether the respondent actually administered a particular type of anesthesia,
supervised another professional, or was supervised by another professional. The data on hours
worked and time usage allow us to explore possible differences in productivity across regions,

Table 3.8

Percentage of Benefits Paid by
Employer

Benefit CRNAs ANs
Health care 70.8 59.5
Disability 60.5 35.2
Dental 51.5 37.3
Vision 371 23.7
Retirement 32.7 40.4
Long-term care 12.0 7.3

4 The higher levels of compensation through benefits for CRNAs might be associated with the fact that they receive more
income from arrangements with fixed salaries or contracts. In additional analyses, we find that CRNAs and ANs with more
income from fixed salary or contracts receive more benefits. We also find a small negative relationship between wages and
health-insurance benefits, suggesting that employers substitute higher benefits for wages.
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as well as potential shortage for anesthesia professionals in facilities by region and urban/rural
areas, a theme we further explore in Chapter Four.

On average, CRNAs work 44 hours per week, with the majority of these hours spent
doing clinical work (Table 3.9). ANs work substantially more hours, and most of these addi-
tional hours are clinical. The regional and urban/rural differences are more pronounced for
CRNAs. As expected, it appears that there is a positive relationship between earnings and
hours worked for both CRNAs and ANs. Western CRNAs work more and earn more than
those in other regions, while Western ANs work less and earn less than those in other regions.
Southern CRNAs and ANs both earn more and work more than their Northeastern counter-
parts. Urban CRNAs make less and work less than rural CRNAs.

There are very few differences in where ANs and the CRNAs spend their clinical hours.
Most of the clinical time is spent in the hospital (82 percent), although CRNAs have more
outpatient clinical hours than ANs (59 percent versus 51 percent) (Table 3.10).

Urban CRNAs and ANs spend more time than their rural counterparts in out-of-
hospital-based care (likely because urban areas are more likely to have nonhospital facilities),

Table 3.9
Regional Differences in Average Weekly Hours

CRNAs ANs
Location Total Hours Clinical Hours Total Hours Clinical Hours
Mean 43.9 36.9 63.7 48.6
Northeast 421 35.7 64.6 47.0
Midwest 445 35.7 62.9 49.4
South 43.8 37.2 64.5 50.0
West 46.2 36.9 62.3 47.5
Rural 50.1 37.5 62.7 49.8
Urban 42.6 36.3 63.7 48.6

Table 3.10
Percentage of Clinical Hours Spent in Various Locations
CRNAs ANs
Location Mean Standard Deviation Mean Standard Deviation
Hospital 81.7 34.0 81.8 28.8
Inpatient 41.5 26.1 49.4 26.1
Outpatient 58.5 26.1 50.6 26.1
Freestanding ambulatory center 15.1 30.8 14.9 25.6
Office based 1.9 11.6 2.8 12.2
Dental office 0.5 4.9 0.1 2.0

Other 0.8 8.5 0.4 5.2
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but there are few regional differences in how CRNAs spend clinical time. Western ANs spend
less time in hospital-based care than those in other regions do.

However, results from our surgeons’ survey are indicative of a possible future shift in the
location of surgical procedures. While 29 percent of procedures are currently conducted in
surgeons’ offices, surgeons anticipate conducting 32 percent of procedures there in five years;
procedures in freestanding ambulatory centers are expected to increase from 15 percent to
more than 21 percent. At the same time, hospital procedures are expected to decrease from
54 percent to 44 percent. In other words, a shift of procedures from hospitals to ambulatory
centers and surgeons’ offices is likely. This would likely entail a shift of anesthesia providers to
these facilities as well.

Overall, CRNAs report that they spend nearly 75 percent of their clinical time doing
procedures or intraoperative tasks (see Table 3.11). ANs also spend the majority of their time in
procedures (nearly 66 percent), though somewhat less than CRNAs do.

Northeast ANs and CRNAs reported spending a larger percentage of their time perform-
ing procedures than their counterparts in the Midwest and South do. However, the results
for Western ANs and CRNAs run in opposite directions. Western CRNAs spend the small-
est percentage of time of all CRNAs in procedures, while Western ANs spend the greatest
percentage of time in procedures (Table 3.12). Urban ANs and CRNAs also spend more time

Table 3.11
Percentage of Clinic Hours Spent on Various Tasks

CRNAs ANs
Task Mean Standard Deviation Mean Standard Deviation
Preoperative 8.4 7.8 10.9 11.2
Intraoperative 75.0 20.1 65.9 23.1
Postoperative 5.4 5.2 7.3 6.5
Critical care 2.0 3.8 2.0 9.6
Pain management 1.0 4.5 2.9 5.9
Labor/delivery 6.9 14.5 7.5 11.9
Other 1.2 9.0 0.6 5.7

Table 3.12
Differences in Time Usage, by Location (%)

CRNAs ANs
Location Intra-Operative Labor/Delivery Intra-Operative Labor/Delivery
Northeast 79.5 2.8 67.0 7.7
Midwest 74.4 6.6 62.7 7.2
South 75.3 7.0 63.4 7.7
West 66.9 13.8 71.7 7.4
Rural 70.4 9.1 59.6 8.2

Urban 75.9 6.4 66.3 7.5
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in procedures. Hence, though the number of hours worked is smaller in the Northeast and
urban areas, more time is potentially spent on performing procedures. We also found that rural
CRNAs and Western CRNAs spend a lower proportion of their time on procedures than their
counterparts elsewhere, as do rural ANs and Southern and Midwestern ANGs.

Overall, the less time CRNAs spend in performing procedures, the more time they spend
in labor and delivery (Table 3.12). CRNAs in the West spend a relatively large percentage of
time in labor/delivery anesthesia. There are no regional or urban/rural differences for percent-
age of AN time spent in labor/delivery anesthesia.

Monitored Anesthesia Care

In this section, we continue to look at CRNA and AN time usage, but with a focus on MAC.
Surveys questioned CRNAs and ANs about the percentage of clinical time and the number
of procedures they undertake in each of the following anesthesia techniques: MAC, general
anesthesia, regional/block/spinal anesthesia, and obstetrical anesthesia.> Data collected from
these questions play an instrumental role in the shortage analysis we conduct later, by helping
us deduce the time required per procedure for the different types of anesthesia, given data on
total clinical time and the number of procedures.

CRNAs and ANs spend the majority of their time in general anesthesia. However, ANs
spend somewhat more time in general anesthesia, while CRNAs spend more time in monitored
anesthesia. Table 3.13 suggests that general anesthesia procedures are more time-intensive than
other procedures. General anesthesia procedures appear to be particularly long for ANs, as
these procedures take up more than two-thirds of ANs’ time but make up less than one-third
of their total number of procedures. These results indicate that CRNAs and ANs spending
more time on non—general anesthesia will appear more productive in terms of the number of
procedures performed for a given amount of time, due to the differing mix of procedures they
perform.

The distribution of time spent on regional anesthesia by CRNAs is highly skewed. The
median percentage of time is 5 percent. In results not shown in order to avoid clutter, 25 per-

Table 3.13
Percentage of Time Spent on Various Types of Anesthesia
CRNAs ANs

% of Time % of Procedures % of Time % of Procedures
Anesthesia Mean Median Mean Median Mean Median Mean Median
MAC 24.5 20 28.7 24 15.5 10 26.8 25
General 58.5 60 511 50 67.0 70 31.5 25
Regional/ 10.3 5 12.6 10 11.2 8 24.2 25
spinal
Obstetrical 6.7 0 7.7 1 6.4 2 17.6 25

> We did not explicitly ask whether the respondent actually administered a particular type of anesthesia, supervised another
professional, or was supervised by another professional.
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cent of CRNAs spend no time at all on these procedures. CRNAs in rural areas spend more
time on these procedures than do those in urban areas (a median of 5 percent for urban
CRNAs and a median of 10 percent for rural CRNAs).

Table 3.14 displays the regional and rural/urban differences for CRNA and AN time
usage in the various types of anesthesia. The biggest regional differences are for MAC, with
CRNAs and ANs in the Northeast spending significantly more time on this type of anesthesia
than those in other regions. CRNAs are also used more often for regional/spinal and obstetri-
cal anesthesia in the West than elsewhere. Western ANs, on the other hand, seem to be used
heavily in general procedures. It appears not only that are CRNAs less prevalent in Western
facilities but also that they may play a more specialized role rather than being used alongside
ANs. CRNAs in urban areas spend significantly more time on general anesthesia and less on
all other types of anesthesia than CRNAs in rural areas.

The ANDIR survey yielded findings similar to the CRNA and AN surveys. ANDIRs
in the Northeast report that CRNAs and ANs spend a much greater percentage of time on
MAC than on other procedures. The fact that Northeastern and rural facilities use bozh ANs
and CRNAs more often for MAC than other facilities do suggests that the regional and rural/
urban differences cannot be explained by the substitution of CRNAs for AN or vice versa and
suggests that there are other factors associated with the greater use of all anesthesia provid-
ers for MAC. This could be attributed to patient differences, facility preferences, or, possibly,
regional norms.

Given this proclivity toward MAC, CRNAs and ANs in Northeastern facilities spend
a greater percentage of their time performing these types of procedures than they do other
procedures. Procedures requiring MAC are significantly shorter (on average) than procedures
requiring general anesthesia. The Northeastern CRNAs and ANs are therefore able to com-
plete many more procedures in a day. This can help to explain why, in the ANDIR survey, we
found that anesthesia providers in Northeastern facilities were completing many more proce-
dures than those in other areas of the country. Later, we explore whether this greater produc-
tivity among Northeastern CRNAs and ANs is mirrored by greater evidence of shortage, to
see whether they are “worked harder.” The ANDIR results were also in line with our findings
that ANs spend a much greater percentage of time than CRNAs do on general anesthesia and
less on MAC.

Table 3.14
Regional Differences in Mean Time Spent on Various Types of Anesthesiology

CRNAs ANs

Regional/ Regional/

Location MAC General Spinal Obstetrical MAC General Spinal Obstetrical
Northeast 32.9 54.0 10.3 2.9 20.6 61.0 12.0 6.4
Midwest 24.2 56.9 12.2 6.8 14.4 66.7 12.9 6.1
South 23.9 60.7 8.7 6.7 14.6 68.7 10.0 6.7
West 21.6 51.5 14.3 12.6 13.0 70.5 10.3 6.2
Rural 27.9 47.8 15.4 9.0 17.0 59.8 15.9 7.2

Urban 24.7 59.7 9.4 6.1 15.4 67.4 10.9 6.3
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Evidence from the surgeons’ survey is consistent with the results reported in Table 3.13.
More surgeons reported that CRNAs play an important role in the provision of monitored
anesthesia than said the same of regional/spinal anesthesia (25.44 percent versus 9.88 percent).
Surgeons also reported that ANs provide more procedures in general anesthesia (64.53 percent)
than in the other types of anesthesia—36.78 percent in MAC procedures and 21.06 percent in
regional/spinal anesthesia procedures.

It is important to understand why percentage of time spent on MAC varies across regions
and between urban and rural areas, because this variation has implications for the poten-
tial substitutability of non—anesthesia providers for these procedures, which may affect future
workforce requirements. One possible explanation is that facilities can choose whether they use
anesthesia providers or non—anesthesia providers to sedate the patient for certain procedures.
We gathered information on MAC provided by anesthesia (ANs and CRNAs) and conscious
sedation provided by non—anesthesia providers.S There is also a considerable amount of het-
erogeneity across procedures (see Table 3.15). The percentages reported by CRNAs and AN
are relatively similar. There are larger discrepancies for non—anesthesia-provider percentages,
resulting possibly from the fact that CRNAs and AN are less likely to know about all of the
procedures in which non—anesthesia providers take responsibility for conscious sedation. The
small differences that do exist are likely due to the differing areas and types of facilities in
which they work.

We found wide regional variation in the type of providers used to deliver MAC and
conscious sedation as reported by CRNAs and ANs (Table 3.16). According to CRNAs and
AN, the Northeast uses anesthesia providers significantly more often than facilities elsewhere.
While the table presents results for only two types of procedures, this regional pattern holds

:?ct:\ll?dt:ssof Conscious Sedation or Monitored Anesthesia Care for Various Procedures (%)
Non-Anesthesia Providers Anesthesia Providers
Procedure CRNA Survey AN Survey CRNA Survey AN Survey
Cataracts 4.60 6.78 74.45 73.01
Adult radiology 42.87 58.02 20.39 16.72
Colonoscopy/ 48.10 57.69 43.22 33.41
endoscopy
Pediatric radiology 16.17 29.69 31.33 33.72
EPS lab 25.70 39.44 20.87 27.50
Catheter lab 45.38 65.21 11.02 10.45
TEE lab 34.31 58.90 19.61 16.29
Bronchoscopy suite 39.14 64.91 26.23 15.85

NOTE: Due to “l don’t know” responses, percentages for each survey may not sum to 100. EPS = electrophysiology
study. TEE = transesophageal echocardiography.

6 See, for instance, ASA (2004 [2009)]), for the distinction between conscious (moderate) sedation and MAC. While MAC
might include sedatives or analgesics used in conscious sedation, “the provider of MAC must be prepared and qualified to
convert to general anesthesia when necessary” (p. 1).
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Table 3.16
Providers of Anesthesia for Selected Procedures (percentage of procedures for each)
CRNAs ANs
Colonoscopy TEE Lab Colonoscopy TEE Lab
Non- Non- Non- Non-
Anesthesia Anesthesia Anesthesia Anesthesia

Location CRNAs/ANs Provider CRNAs/ANs Provider CRNAs/ANs Provider CRNAs/ANs Provider

Northeast 49.2 24.2 26.3 48.2 57.1 38.1 30.2 32.7
Midwest 241 35.9 12.4 67.8 38.5 55.6 14.2 37.6
South 38.0 28.6 15.9 57.5 43.4 44.4 171 32.0
West 20.0 29.0 10.5 60.1 29.7 55.7 10.3 241
Rural 30.8 36.7 7.5 50.8 47.9 49.3 1.7 21.5
Urban 33.2 28.9 16.7 59.1 40.7 47.8 19.2 36.3

across all procedures. The South and West use anesthesia providers for significantly fewer pro-
cedures than other regions do. The procedures with the largest regional variation are colonos-
copies and endoscopies, EPS labs, and TEE labs.

The urban/