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ABSTRACT
Background: In 2001, the Centers for Medicare and Medicaid Services issued a rule allowing U.S. states to “opt out” of the
regulations requiring physician supervision of nurse anesthetists in an effort to increase access to anesthesia care. Whether “opt
out” has successfully achieved this goal remains unknown.
Methods: Using Medicare administrative claims data, we examined whether “opt out” reduced the distance traveled by patients,
a common measure of access, for patients undergoing total knee arthroplasty, total hip arthroplasty, cataract surgery, colonoscopy/sigmoidoscopy, esophagogastroduodenoscopy, appendectomy, or hip fracture repair. In addition, we examined whether
“opt out” was associated with an increase in the use of anesthesia care for cataract surgery, colonoscopy/sigmoidoscopy, or
esophagogastroduodenoscopy. Our analysis used a difference-in-differences approach with a robust set of controls to minimize
confounding.
Results: “Opt out” did not reduce the percentage of patients who traveled outside of their home zip code except in the case
of total hip arthroplasty (2.2% point reduction; P = 0.007). For patients travelling outside of their zip code, “opt out” had
no significant effect on the distance traveled among any of the procedures we examined, with point estimates ranging from a
7.9-km decrease for appendectomy (95% CI, −19 to 3.4; P = 0.173) to a 1.6-km increase (95% CI, −5.1 to 8.2; P = 0.641)
for total hip arthroplasty. There was also no significant effect on the use of anesthesia for esophagogastroduodenoscopy, appendectomy, or cataract surgery.
Conclusions: “Opt out” was associated with little or no increased access to anesthesia care for several common procedures.
(Anesthesiology 2017; 126:461-71)

I

N the United States, anesthesia is most commonly provided by anesthesiologists (i.e., physicians with specialty
training in anesthesiology), nurse anesthetists, and anesthesiologist assistants. Similar to physician assistants more generally, anesthesiologist assistants only provide care under the
supervision of an anesthesiologist. Generally, nurse anesthetists are supervised by an anesthesiologist, with or without
the anesthesiologist formally billing. Occasionally, they are
supervised by a proceduralist (e.g., the surgeon performing
the case). Rarely, anesthesia is provided by the proceduralist alone. Concerns over access to anesthesia care—as well
as predicted future shortages of anesthesiologists1—have led
policymakers to consider loosening the degree to which nurse
anesthetists must be supervised, up to and including independent practice.
In 2001, the U.S. Centers for Medicare and Medicaid Services
(CMS) issued a rule allowing states to “opt out” of the requirement that nurse anesthetists be supervised by a physician (either
an anesthesiologist or a proceduralist) in order for providers to
receive payment from Medicare for the anesthetic. By 2013, 17
states had decided to “opt out” of the Medicare regulations requiring supervision of nurse anesthetists; in some states, this allows for
independent nurse anesthetist practice.2

What We Already Know about This Topic
• To conceptually increase access to care, the United States
in 2001 began allowing states to “opt out” of requirements
that nurse anesthetists be supervised by a physician
(
anesthesiologist or proceduralist) in order for providers to
receive Medicare payment
• Much attention has focused on whether “opt out” affects the
quality of anesthesia care, but less attention has addressed
whether it increases access to care, the normative intent of
the Medicare rule
• As a measure of access to care, previous studies examined
the association between “opt out” and the number of surgical
procedures performed

What This Article Tells Us That Is New
• This investigation examined a different dimension of access to
care and the influence of “opt out”: the distance patients travel
to obtain surgical procedures
• For five common elective procedures and two common urgent
procedures, “opt out” largely did not reduce the percentage of
patients who traveled outside of their home zip code, and for
patients who did travel outside of their zip code, “opt out” had
no significant effect on the distance traveled
• Results demonstrate that “opt out” was associated with little
or no increased access to anesthesia care for several common
procedures
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Debate over the merits of “opt out” has largely focused on
whether it has affected the quality of anesthesia care.3–12 Less
work has addressed whether it has increased access to care, the
normative intent of the administrative rule. Indeed, the rule
states that governors must consider the availability of anesthesia
care before deciding whether to “opt out.” Moreover, in choosing to “opt out,” governors have typically cited the necessity
of improving access to anesthesia care.13,14 Whether “opt out”
has increased access remains an open question with important
policy implications not just for surgical care but also for health
care more broadly. In an effort to control health care spending, policymakers are considering laws and regulations that
would expand the autonomy of other midlevel providers, such
as nurse practitioners, in the belief that doing so will reduce
costs and increase access to care.15 Understanding whether “opt
out” has increased access to care could provide a useful test case
for gauging these laws’ likely effectiveness. If “opt out” has not
improved access to care, understanding why may help policymakers improve these laws in order to improve access.
Two previous studies examined the association between
“opt out” provisions and the number of surgical procedures
performed, particularly urgent procedures; no association
was detected.16,17 While useful, these studies shed light on
only one measure of access to care and focused on the use of
urgent surgical procedures.
For this article, we used administrative claims data from
Medicare to examine whether “opt out” was associated with
a different dimension of increased access to care: the distance
patients travel to obtain surgical procedures. We examine this
for five elective procedures common among the Medicare
population: total knee arthroplasty (also known as total knee
replacement), total hip arthroplasty (THA; also known as
total hip replacement), colonoscopy/sigmoidoscopy, esophagogastroduodenoscopy, and cataract surgery, as well as two
common urgent procedures where timely access to surgical
care is important: appendectomy and hip fracture repair.
By facilitating independent nurse anesthetist practice,
“opt out” could reduce the distances traveled by patients in
two ways. First, the increased supply of anesthesia providers
might prompt the opening of new facilities (e.g., hospitals or
ambulatory surgery centers). Second, the increased supply
of anesthesia providers might also allow new services (e.g.,
an orthopedic service) to be established in existing hospitals. Distance traveled has been used in many other nonsurgical studies to measure a dimension of access to care.18–20
Increased travel distance has been shown, in some studies,
to be associated with poorer surgical outcomes.21,22 Finally,

regardless of its effects on outcomes, increased travel distances represent an inconvenience for patients, particularly
since absolute distances between patients and hospitals influence the choice of hospital for surgical care.23–25

Materials and Methods
Data
Our data consisted of health insurance claims for a random
20% sample of U.S. Medicare beneficiaries enrolled in the
traditional fee-for-service Medicare plan. In the United
States, Medicare is a public insurance program that primarily provides health insurance for the elderly (persons 65 yr
or older) although the program also covers some younger
persons with significant disabilities and those with end-stage
renal disease. In 2010, more than 80% of Medicare beneficiaries consisted of persons aged 65 yr and older.26 As a general
rule, Medicare beneficiaries can choose either to be enrolled
in the traditional fee-for-service plan, for which the federal
agency administering Medicare—the CMS—is the primary
payer, or they can choose to be enrolled in a managed healthcare plan. Under the latter, Medicare essentially subcontracts
out the provision of health care to private health insurers,
who bear all the costs for an individual’s care. Roughly two
thirds of Medicare beneficiaries are enrolled in the traditional
fee-for-service plan.27 Health insurance claims data for beneficiaries enrolled in the traditional fee-for-service plans are
available for researchers upon approval of a Data Use Agreement with CMS and payment of required fees.
The Medicare data are detailed. They include demographic information such as age, race, sex, county of residence, and zip code (also known as postal code) of residence.
The data also provide diagnosis codes (International Classification of Disease, Ninth Edition), which can be used to
draw inferences about a patient’s comorbidities, as well as
procedure codes (e.g., Current Procedural Terminology®
codes used to classify specific procedures) that can be used to
identify whether they received a given procedure.
Sample
We constructed a sample consisting of all persons who received
a total knee arthroplasty, THA, hip fracture repair, appendectomy, cataract surgery, colonoscopy/sigmoidectomy, or esophagogastroduodenoscopy between 1999 and 2011 and who
were continuously enrolled in Medicare fee-for-service for the
entirety of the calendar year they received their procedure. We
identified patients who received these procedures by isolating
claims submitted by a healthcare provider (located in the carrier claims file) with a procedure code (i.e., Current Procedural
Terminology® code) associated with the given procedure. A
list of the relevant procedure codes and the references used to
identify these codes is provided in the supplemental content
(appendix table A, http://links.lww.com/ALN/B360). These
claims were then linked to a corresponding claim submitted
by a healthcare facility (e.g., hospital or ambulatory surgery
center). Medicare does not provide any explicit way of linking
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provider claims to facility claims. Each provider claim reports
the dates for which the patient received care at the facility; we
assumed that a facility claim was linked to the provider claim
if the date on the provider claim fell within the range of dates
listed on the facility claim.
After excluding persons who received more than one
of the procedures we studied in a given calendar year, we
arrived at an initial sample of 3,818,148 cases. We then
applied several exclusion criteria. First, we excluded cases in
which we identified more than one facility claim associated
with the given carrier claim (n = 135,436), which occurred
when there were two or more facility claims whose dates
overlapped the carrier claim. Second, total knee arthroplasty,
THA, cataract surgery, hip fracture repair, and appendectomy are nearly always performed at a surgical facility (i.e.,
hospital). By contrast, colonoscopy and esophagogastroduodenoscopy can be performed in a physician’s office. Therefore, we excluded claims for total knee arthroplasty, THA,
cataract surgery, hip fracture repair, and appendectomy for
which we could not identify an associated facility claim (n =
43,395). Third, colonoscopy, esophagogastroduodenoscopy,
and cataract surgery do not always require anesthesia care.
Since our interest was in cases that require anesthesia care,
we excluded colonoscopy, esophagogastroduodenoscopy,
and cataract surgery cases without a corresponding anesthesia claim (n = 2,186,866) from our main analysis although
we retained these cases for some secondary analyses in the
Secondary Analyses subsection. To identify a corresponding
anesthesia claim, we isolated carrier claims with an appropriate anesthesia procedure code (supplemental content,
appendix table A, http://links.lww.com/ALN/B360) on a
date corresponding to the same date as the procedure itself.
Fourth, we excluded cases where we could not identify the
patient or facility zip code (n = 134,256) or the case was
missing other patient demographic information (n = 9,993).
Fifth, we excluded cases where the calculated distance was
more than 500 km (310 miles; n = 25,536). The rationale for
this exclusion was that patients who traveled this far for their
procedure were likely doing so for reasons unrelated to the
availability of care in their local area (e.g., presence of family
or an urgent procedure occurring while on vacation). Finally,
we excluded patients under the age of 65 (n = 139,851).
Our final sample consisted of 1,142,815 cases. A flow diagram describing how the sample was created is provided in
the supplemental content (appendix fig. 1, http://links.lww.
com/ALN/B360).

longitude, the Haversine formula was then used to calculate the distance between two zip codes. This approach has
been used in many previous studies to identify the distances
between patients and hospitals/nursing facilities.18–20,25
Identifying the zip code of each patient’s residence is
straightforward, as it is directly provided in the annual
demographic files provided by Medicare. For our study,
there are two potential zip codes where the procedure may
have taken place: the zip code of the facility and that of
the physician. The latter, provided by the physician, may
represent a mailing address or the location of the physician’s office. For the procedures of total knee arthroplasty,
THA, appendectomy, cataract surgery, and hip fracture
repair, we used the zip code of the facility, as these procedures almost certainly take place in a surgical facility.
Since colonoscopy and esophagoduodenoscopy can take
place in a surgical facility or a physician’s office, we used
the facility zip code if present but, otherwise, the zip code
of the physician.
Independent Variables
Our primary independent variable of interest was whether
“opt out” was in effect in the given state during the year the
procedure was performed. Specifically, we created a dummy
variable equaling 1 in the “opt out” states starting the year
after the “opt out” year (supplemental content, appendix
table B, http://links.lww.com/ALN/B360). For non-“opt
out” states and for “opt out” states in the years before and
including the “opt out” year, the variable equaled zero. It is
important to note that 2011 was the last year for which we
could obtain data. Since Kentucky “opted out” in 2012, our
analysis, therefore, implicitly treated Kentucky as a non-“opt
out” state (i.e., did not account for the effect of “opt out” in
Kentucky).
In addition to our “opt out” variable, we also obtained
several covariates at the patient and county levels. At the
patient level, we incorporated age, sex, and race as controls, as well as the comorbidities listed in table 1. We
chose these comorbidities as they are constituents of the
Elixhauser set of comorbidities, which is frequently used
for risk adjustment.29 To determine the presence of a
comorbidity, we extracted all of an individual’s inpatient,
outpatient, and carrier claims that were filed during the
year of surgery. A patient was then deemed to have the
given comorbidity if they had at least one claim with a relevant International Classification of Disease, Ninth Edition, diagnosis code.30
At the county level, we incorporated several controls based
on the patient’s county of residence: total population, share
of the population that was white, share of the population
that was male, share of the population aged more than 65
yr, and median income for the county. These variables were
obtained from the U.S. Census Bureau. They were chosen
as they could potentially affect the market for hospital and
healthcare services.31

Outcomes
Our outcome of interest was the distance traveled by the
patient to receive their procedure. Our basic approach was
to identify the zip code of the patient, as well as the zip code
where the procedure took place using the methods described
in the subsequent paragraph. We then used data from the
U.S. Census to identify the latitude and longitude for the
central point within each zip code.28 Using this latitude and
Anesthesiology 2017; 126:461-71
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Table 1. Characteristics of Study Patients in “Opt Out” and Non-“Opt Out” States

Type of procedure
 Total knee arthroplasty
 Total hip arthroplasty
 Cataract surgery
 Colonoscopy/sigmoidoscopy
 Esophagogastroduodenoscopy
 Appendectomy
 Hip fracture repair
Patient demographics
 Male, %
 White, %
 Age, yr
 Rural county of residence, %
 Median income of county of residence, $
Patient comorbidities, %
 Congestive heart failure
 Cardiac arrhythmia
 Valvular disease
 Pulmonary circulation disorders
 Peripheral vascular disease
 Hypertension, uncomplicated
 Hypertension, complicated
 Paralysis
 Neurologic disorders
 Chronic pulmonary disease
 Diabetes, uncomplicated
 Diabetes, complicated
 Hypothyroidism
 Renal failure
 Liver disease
 Peptic ulcer disease
 HIV/AIDS
 Lymphoma
 Metastatic cancer
 Cancer
 Rheumatoid arthritis
 Coagulopathy
 Obesity
 Weight loss
 Fluid/electrolyte disturbances
 Blood loss anemia
 Deficiency anemia
 Alcohol abuse
 Drug abuse
 Psychosis
 Depression

Non-“Opt Out” States
(n = 954,789)

“Opt Out” States
(n = 188,026)

P Value

115,560
51,185
319,882
181,217
180,950
14,264
91,731

26,839
12,730
91,375
16,588
16,400
4,304
19,790

N/A
N/A
N/A
N/A
N/A
N/A
N/A

37.5 (0.0495)
88.5 (0.0326)
74.7 (0.579)
23.2 (0.0432)
47,627 (14.9)

38.0 (0.112)
90.1 (0.0686)
75.2 (1.30)
33.0 (0.108)
48,362 (26.5)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

16.7 (0.0382)
27.7 (0.0458)
16.3 (0.0378)
3.51 (0.0189)
17.5 (0.0389)
76.1 (0.0437)
12.5 (0.0339)
1.19 (0.0111)
7.68 (0.0273)
27.0 (0.0454)
18.1 (0.0394)
5.17 (0.0227)
21.5 (0.0420)
7.56 (0.0271)
5.14 (0.0226)
3.68 (0.0193)
0.0757 (0.00282)
1.41 (0.0121)
2.36 (0.0156)
15.7 (0.0372)
7.82 (0.0275)
6.68 (0.0256)
5.61 (0.0236)
6.26 (0.0245)
17.9 (0.0392)
4.16 (0.0204)
12.0 (0.0332)
1.31 (0.0116)
0.883 (0.00957)
3.14 (0.0178)
12.5 (0.0339)

14.7 (0.0817)
26.0 (0.101)
12.7 (0.0767)
3.25 (0.0409)
13.3 (0.0784)
71.3 (0.104)
8.71 (0.0651)
1.06 (0.0236)
6.69 (0.0576)
24.5 (0.0992)
14.5 (0.0811)
3.25 (0.0409)
20.6 (0.0932)
6.50 (0.0568)
3.57 (0.0428)
2.71 (0.0374)
0.0457 (0.00493)
1.14 (0.0245)
1.71 (0.0299)
12.8 (0.0772)
7.13 (0.0594)
4.40 (0.0473)
5.79 (0.0539)
4.73 (0.0490)
15.9 (0.0843)
2.84 (0.0383)
8.44 (0.0641)
1.43 (0.0274)
0.914 (0.0220)
2.97 (0.0391)
11.6 (0.0739)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.215
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.215
< 0.001
< 0.001

This table presents the summary statistics for our sample, stratified by “opt out” and non-“opt out” states. SEs are shown in parentheses. The column
“P value” represents the results of a Student’s t test (for age and median income) or chi-square test (for the remaining variables) used to assess the statistical
significance of differences between the two groups.
AIDS = acquired immunodeficiency syndrome; HIV = human immunodeficiency virus; N/A = not applicable.

Statistical Analyses
A simple cross-sectional comparison of travel distances across
zip codes could be subject to confounding since states that
choose to “opt out” differ in many ways from states that did
not. For example, Iowa was the first state to “opt out,” and it is
Anesthesiology 2017; 126:461-71

geographically large compared to Delaware, a state that has not
chosen to “opt out.”
While our analysis did include several controls for
observable differences between “opt out” and non-“opt
out” areas—such as differences in income and patient
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comorbidities—a straightforward cross-sectional comparison
could still be vulnerable to confounding from unobservable
differences between states. Therefore, we utilized a differencein-differences analysis to reduce confounding further. The
difference-in-differences approach is frequently used in policy analysis32–34 and has been used in the previous literature
examining the effects of “opt out.”16,17 Under this approach,
zip code–specific controls were used to adjust for unobservable zip code level factors. Therefore, rather than comparing travel distances across areas, the difference-in-differences
approach identifies the effect of “opt out” by estimating
within zip code changes in travel distance over time among
the “opt out” states.
Simple “before-after” comparison can still be confounded
by secular time trends, such as general changes in surgical
practice over time. Therefore, the second step of a standard difference-in-differences approach involves the use of
year effects in order to control for secular time trends at the
national level. In addition to these controls, we incorporated
additional linear and quadratic state trends to control for
unobserved, secular trends occurring at the state level.
We implemented our difference-in-differences analysis by
using regression analyses in which the dependent variables
were measures of distance traveled, and the key independent
variable was the measure of whether opt out is in effect in a
given state. The models controlled for the patient and county
factors (table 1), as well as zip code controls, year controls,
and controls for linear and quadratic state trends.
For roughly 20% of our cases (n = 219,767), the patient’s
zip code and the facility’s zip code were the same, leading
to an estimated travel distance of 0. When there are many
observations for which the dependent variable is 0, a simple
regression analysis will tend to be downward biased; in other
words, the estimated effect will be lower in magnitude than
the true effect. As a result, a simple regression analysis would
be biased toward a finding that “opt out” had no effect on
access.35 To address this issue, we performed two regressions.
The first analysis was a multivariable regression in which
the dependent variable was an indicator variable equaling
1 if the patient and the facility shared the same zip code,
and the independent variables were the variables outlined
in the Independent Variables subsection. Our coefficient
of interest was the coefficient associated with our “opt out”
variable, which can be interpreted as the effect of “opt out”
on the absolute percentage point change on the percentage of patients travelling outside of their zip code for their
procedure. Our second analysis was a multivariable linear
regression in which the dependent variable was the actual
estimated travel distance. The independent variables were
the same as those described for the previous analysis. This
analysis was restricted to patients with a nonzero travel distance. For this second analysis, our coefficient of interest was
the coefficient associated with our “opt out” variable, which
demonstrates the change in travel distance associated with
“opt out” among patients with a nonzero travel distance (i.e.,
Anesthesiology 2017; 126:461-71

among patients who traveled outside their zip code). This
two-step approach has been used in other studies to obtain
nonbiased estimates when a large proportion of observations
assume a value of 0.36,37
Zip codes do not have the same size (land area),24 so our
distance measures are sensitive to the size of a given zip code.
Mechanically, patients residing in larger metropolitan zip
codes (i.e., larger land area) are less likely to have to travel
outside of their zip code to receive care and should they do
so are more likely to travel a longer distance to do so (since
the land area of the zip code is larger). Our use of zip code
fixed effects addresses this issue since these effects would control for unobservable zip code factors that are fixed over time,
such as land area. For some descriptive analyses, we did adjust
our results for land area (Technical Appendix in the online
supplemental content, http://links.lww.com/ALN/B360).
We performed our analyses with STATA 14.0 (StataCorp, USA) and adjusted our SEs and CIs for clustering at
the state level.38 Further details of our approach are found in
the Technical Appendix in the online supplemental content
(http://links.lww.com/ALN/B360).
Secondary Analyses
We conducted several sets of secondary analyses. First, we
conducted two sensitivity analyses to examine the robustness of our results to alternative measures of access. Of the
seven procedures we examined, three (colonoscopy, esophagastroduodenoscopy, and cataract surgery) do not always
require anesthesia, by which we mean here and elsewhere
the presence of an anesthesiologist and/or nurse anesthetist.
In the baseline analyses described in the Statistical Analyses
subsection, we excluded patients undergoing these three
procedures who did not receive anesthesia. Therefore, for
these three procedures, our estimates reflect the effect of
“opt out” on the travel distances for patients undergoing
these procedures who ultimately received anesthesia for their
procedure. However, “opt out” could also make it more
likely that patients undergoing these procedures would
receive anesthesia to begin with. To assess this possibility,
we conducted a separate set of analyses for these three procedures in which we included patients undergoing these
procedures who did not receive anesthesia (n = 1,639,944).
For these analyses, we estimated a linear regression similar
to the analyses described in the previous subsection, where
the dependent variable was an indicator variable assuming
the value of 1 if the patient received anesthesia for their
procedure and 0 otherwise. Our independent variable of
interest was our “opt out” variable, and we incorporated
the same set of additional controls that were used for our
baseline analyses.
Second, suppose that, as a result of “opt out,” a new
surgery center opens, thereby providing the opportunity
for patients to receive a total knee arthroplasty closer to
home. However, suppose that the vast majority of patients
living in the zip code decline to use the surgery center. Our
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Study Design
The construction of our study sample (such as the inclusion
and exclusion criteria), as well the elements of our baseline
analysis (such as the choice of statistical model, choice of
outcome, and choice of additional covariates), was determined before initiating our analysis. Our additional analyses
were conducted post hoc based on the finding of our baseline analysis, as well as comments made during the revision
process.

baseline analyses would generally identify no change in
access—given the small proportion of patients using the
new surgery center, the effect on overall travel distance
will also be small. To address this possibility, we, therefore,
conducted analyses where the dependent variable was the
annual minimum distance traveled by any patient within
the given zip code (for a given procedure). In contrast to
the previous analyses, where the unit of observation was
the individual patients, these analyses were performed at
the zip code level using the same covariates described previously, except that we converted patient-specific variables
(e.g., age) to average values at the zip code level (e.g., average age at the zip code level). Because using the minimum
distance traveled by any patient is susceptible to outliers,
we also considered an alternative specification in which we
used the fifth and tenth percentiles of distance traveled.
For a given zip code, there need to be at least 19 patients
receiving for a given procedure in order to estimate the fifth
percentile without bias and at least nine patients for the
tenth percentile. Therefore, for these additional analyses,
we used the minimum distance traveled for those zip codes
that did not have sufficient patients to calculate the given
percentile.
We also conducted two subanalyses in which we
examined whether the effects of “opt out” were different between two populations most likely to see a benefit:
patients residing in zip codes with long travel distances
to begin with and low-risk patients. Hypothetically, lowrisk patients may be more likely to benefit from “opt
out” since sicker patients may be more likely to choose
or require care at a tertiary referral center, regardless of
travel distance. For the first subanalysis, we restricted
our sample to zip codes whose initial average travel distance was greater than 50 km (roughly 30 miles). For
the second subanalysis, we used a previously developed
empirical weighting of the Elixhauser comorbidities.29 As
a score of 10 on this index broadly corresponds to a score
of 3 on the Charlson index, we restricted our sample to
patients with a score of 10 or less.

Results
Table 1 presents descriptive statistics for our sample,
which included 954,789 cases taking place in non-“opt
out” states (i.e., states that never chose to “opt out”) and
188,026 cases that occurred in “opt out” states (i.e., states
that ultimately chose to “opt out”). For the cases occurring
in “opt out” states, 112,221 occurred before “opt out’ and
75,085 occurred afterward. Patients undergoing a procedure
in an “opt out” state were more likely to be males (38.0%
vs. 37.5%; P < 0.001) and whites (90.1% vs. 88.5%) and
resided in counties with higher median incomes ($48,362 vs.
$47,627; P < 0.001). They were also more likely to reside in
rural counties, as defined using the 2006 Office of Management and Budget delineation of rural counties39 (32.7% vs.
23.1%; P < 0.001). The presence of every comorbidity we
included in our analysis was higher among patients in non“opt out” states (P < 0.001 for every comorbidity).
Table 2 presents descriptive statistics concerning travel
distances in our sample. The first set of columns report the
percentage of patients who traveled outside of their home zip
code for each of the procedures, adjusted for zip code land
area. Across all the procedures, a solid majority of patients
traveled outside of their home zip code (ranging from 77
to 88% of patients). The table also reports the average distances traveled, ranging from roughly 20 km for patients
undergoing colonoscopy/sigmoidoscopy to roughly 40 km
for patients undergoing THA. There were no significant differences between the “opt out” and non-“opt out” states for
either of these distance measures.

Table 2. Average Travel Distances by the Procedure, 1999 to 2012
% Patients Traveling Outside Home Zip Code

Total knee arthroplasty
Total hip arthroplasty
Cataract surgery
Colonoscopy/sigmoidoscopy
Esophagogastroduodenoscopy
Appendectomy
Hip fracture repair

Average Distance Traveled, km

Non-“Opt Out”

“Opt Out”

P Value

Non-“Opt Out”

“Opt Out”

P Value

86.4 (0.906)
87.7 (0.813)
81.0 (0.820)
78.8 (1.13)
78.8 (1.04)
79.3 (0.794)
79.7 (0.941)

84.3 (0.864)
85.6 (0.832)
79.4 (1.83)
72.6 (3.59)
75.7 (3.64)
77.5 (1.32)
78.6 (1.01)

0.126
0.089
0.456
0.117
0.436
0.277
0.454

33.2 (0.881)
34.5 (0.948)
23.3 (0.613)
20.3 (0.875)
21.7 (1.10)
24.0 (0.691)
29.4 (0.928)

38.3 (2.94)
40.6 (3.13)
25.0 (1.78)
22.0 (1.52)
25.4 (1.92)
24.5 (1.06)
32.1 (1.95)

0.099
0.068
0.420
0.338
0.090
0.795
0.218

This table presents descriptive statistics for our measures of anesthesia access, stratified by patients living in “opt out” and non-“opt out” states. The first
set of columns reports the percentage of patients who needed to travel outside of their own zip code for the given procedure, while the second set of columns reports the average distance traveled (in kilometers) for patients who traveled outside their zip code for the given procedure. Both of these distance
measures were adjusted for zip code land area. “P value” refers to the statistical significance of the difference between “opt out” and non-“opt out” states.
These P values are without correction for the multiple comparisons. SEs shown in parentheses were adjusted for clustering by state.
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Fig. 1. Average procedure travel distance, 1999 to 2011: the average distance (adjusted for zip code land area) traveled across
all seven procedures we studied (in kilometers) in “opt out” and non-“opt out” states.

Figure 1 provides descriptive trends of the average
travel distances in our sample, stratified by patients
located in “opt out” and non-“opt out” sates. To calculate
these average travel distances, we first calculated the average travel distance for each procedure and then took the
average (of these averages) across all seven procedures.
Qualitatively, the figure suggests that “opt out” may not
have had an effect on travel distances. Although travel
distance fell in the “opt out” states fell relative to travel
distances in non-“opt out” states between 1999 and
2003, this trend predated “opt out,” which at the earliest
took place in Iowa in December 2001. Between 2003
and 2007—when eight (of a total of 17) states implemented “opt out,” travel distances in the “opt out” states
remained fairly level, similar to travel distances in the
non-“opt out” states.

For the most part, “opt out” was not associated with a
decrease in the percentage of patients travelling outside of
their home zip code (table 3), with point estimates ranging from a 0.973% point (absolute) decrease in the case of
esophagogastroduodenoscopy (95% CI, −1.97 to 0.0329;
P = 0.058) to a 1.02% point (absolute) increase in the case
of appendectomy (95% CI, −6.68 to 8.73; P = 0.791).
The sole potential exception was THA, where we observed
a statistically significant decrease of 2.18% points (95%
CI, −3.72 to −0.636; P = 0.007, without correction for
multiple comparisons).
For patients travelling outside of their zip code, “opt
out” had no significant effect on the distance traveled
across any of the procedures we examined, with point estimates ranging from a decrease of 7.9 km for appendectomy
(95% CI, −19.4 to 3.59; P = 0.173) to an increase of 1.55

Table 3. “Opt Out” and Procedure Travel Distance, 1999 to 2011

Total knee arthroplasty
Total hip arthroplasty
Cataract surgery
Colonoscopy/sigmoidoscopy
Esophagogastroduodenoscopy
Appendectomy
Hip fracture repair

Change in % Patients Traveling
Outside Home Zip Code

Change in Travel
Distance, km

−0.0964 (−1.89 to 1.71)
P = 0.915
−2.18 (−3.72 to −0.636)
P = 0.007
0.385 (−0.301 to 1.07)
P = 0.265
0.251 (−1.89 to 2.40)
P = 0.815
−0.973 (−1.97 to 0.0329)
P = 0.058
1.02 (−6.68 to 8.73)
P = 0.791
−0.00734 (−2.29 to 2.28)
P = 0.995

1.15 (−1.10 to 3.41)
P = 0.313
1.55 (−5.07 to 8.17)
P = 0.641
0.213 (−0.780 to 1.21)
P = 0.668
0.373 (−1.44 to 2.19)
P = 0.681
−0.391 (−2.59 to 1.82)
P = 0.723
−7.90 (−19.4 to 3.59)
P = 0.173
−1.53 (−5.31 to 2.26)
P = 0.422

This table presents the results of two sets of analyses examining the effect of “opt out” on the distance traveled to obtain the given procedure. The first
column shows the estimated effect of “opt out” on the probability that a patient had to travel outside of their zip code in absolute (percentage point) terms.
The second effect shows the effect of “opt out” on the average distance traveled by patients who traveled outside of their zip code. Both sets of analyses
incorporate a variety of controls including zip code effects, year effects, and controls for patient demographics, and cormorbidities. 95% CIs shown in
parentheses were adjusted for clustering at the state level.
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km (95% CI, −5.07 to 8.17; P = 0.641) for THA. Crucially, for all procedures (except appendectomy), even the
lower bounds of our 95% CI suggest decreases that would
be of negligible practical significance compared with the
distances that influence patient decision making,23,25 suggesting that the lack of estimated effect represents a true
null effect, as opposed to imprecision in our estimates.
For our robustness analyses, we first examined whether
“opt out” was associated with an increase in the percentage
of patients received anesthesia for colonoscopy/sigmoidoscopy, esophagogastroduodenoscopy, or cataract surgery
(table 4). Overall, we found that “opt out” was not associated with a significant change in the percentage of patients
receiving anesthesia for colonoscopy/sigmoidoscopy
(0.391% point decrease; 95% CI, −2.70 to 1.91; P = 0.952)
or esophagogastroduodenoscopy (0.903% point increase;
95% CI, −1.48 to 3.29; P = 0.451). We may have observed
a small decrease for cataract surgery (1.49% point decrease;
95% CI, −2.92 to −0.0538; P = 0.042, without correction
for multiple comparisons).
We also considered alternative specifications in which
we considered whether “opt out” was associated with a
decrease in the minimum distance traveled by patients in
a given zip code (table 5). Similar to the results shown in
table 3, we found that “opt out” was not associated with
a significant change in travel distance using these alternative measures for any of the procedures we considered.
Alternative specification examining the effect of “opt out”
on the fifth percentile and tenth percentile distances traveled by patients in a given zip code also showed no significant effect (supplemental content, appendix table C,
http://links.lww.com/ALN/B360).
Finally, we examined the effect of “opt out” between
two subpopulations where it might be expected to have a
larger effect: patients residing in zip codes with long travel
distances initially and low-risk patients (table 5). For both
groups of patients, our results suggest that “opt out” was
not associated with reduction in travel distance.

In this article, we examined the effect of “opt out” on access
to anesthesia care using a commonly used measure of access:
patient travel distances. Overall, we found that “opt out” was
not associated with an increase in access as measured by the
percentage of patients who avoided travel outside of their
home zip code to receive their procedure or as measured by
the travel distances themselves. We did find that “opt out”
was associated with a 2% point reduction in the proportion
of patients traveling outsider their home zip code for THA;
however, given that well more than 80% of THA patients
traveled outside their home zip code (table 3), this effect is of
little practical significance. In addition, we found that “opt
out” had no effect on the use of anesthesia for patients undergoing colonoscopy/sigmoidoscopy or esophagogastroduodenoscopy and was actually associated with a slight decrease in
the use of anesthesia for cataract surgery. Finally, we did not
observe any significant effect on travel distances between two
groups of patients where “opt out” might have larger effects:
low-risk patients and patients residing in zip codes with initially long travel distances. In general, even the lower bounds
of our 95% CIs suggested effects that were of negligible magnitude from a practical standpoint, suggesting that our results
are not due to lack of statistical power/precision, with the
lone exception being our analysis of patients residing in zip
codes with initially long travel distances.
There are many reasons why “opt out” could fail to increase
access. First, “opt out” only means that a federal insurer (CMS)
will pay for cases where a nurse anesthetist is unsupervised
by a physician; a whole host of other parties—such as private
insurers, hospitals, surgeons, and patients—may have their
own preferences and impose their own requirements. To the
degree that these other parties require physician supervision,
“opt out” may not achieve its intended effect. Second, the
implicit assumption of “opt out” is that availability of anesthesia care is the factor that limits access to surgical procedures.
However, other factors, such as the availability of surgeons
and hospitals, could affect access and would not be addressed

Table 4. “Opt Out” and Anesthesia for Colonoscopy, Esophagogastroduodenoscopy, and Cataract Surgery, 1999 to 2011
Unadjusted Percentage of Patients
Receiving Anesthesia, %
Non-“Opt Out”

“Opt Out”

P Value

Colonoscopy/sigmoidoscopy

24.8 (0.0473)

9.47 (0.0653)

< 0.0001

Esophagogastroduodenoscopy

23.9 (0.0452)

9.59 (0.0654)

< 0.0001

Cataract surgery

90.1 (0.0490)

85.2 (0.106)

< 0.0001

Effect of “Opt Out” on Change in
Percentage of Patients Receiving
Anesthesia
−0.391 (−2.70 to 1.91)
P = 0.735
0.903 (−1.48 to 3.29)
P = 0.451
−1.49 (−2.92 to −0.0538)
P = 0.042

This table shows the effect of “opt out” on the proportion of patients receiving anesthesia care for patients undergoing colonoscopy/sigmoidoscopy,
esophagogastroduodenoscopy, and cataract surgery. The first set of columns reports the overall proportion of patients receiving anesthesia care for the
given procedure, stratified by “opt out” and non-“opt out” states. “P value” refers to the significance of the differences between the two groups as assessed
by a chi-square test. The final column reports the estimated effect of “opt out” on the proportion of patients receiving anesthesia for their procedure, as
measured in absolute (percentage point) terms. For example, “−0.0751” means that “opt out” was associated with a 0.0751% point decrease in the proportion of patients receiving anesthesia for colonoscopy/sigmoidoscopy. Not shown are controls for zip code effects, year effects, patient demographics, and
comorbidities. 95% CIs are shown in parentheses and were adjusted for clustering at the state level.
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Table 5. “Opt Out” and Procedure Travel Distance (Additional Analyses), 1999 to 2011
Zip Codes with Initial Travel
Distance > 50 km
Change in
Minimum Travel
Distance, km
Total knee
arthroplasty

0.500 (−2.15 to 3.15)
P = 0.707
n = 87,949
Total hip
1.00 (−7.28 to 9.28)
arthroplasty
P = 0.809
n = 49,025
Cataract surgery
1.06 (−0.804 to 2.93)
P = 0.259
n = 141,432
Colonoscopy/
1.74 (−0.643 to 4.13)
sigmoidoscopy
P = 0.149
n = 72,021
Esophagogas
−1.50 (−5.63 to 2.63)
troduodenoscopy
P = 0.469
n = 73,041
Appendectomy
−7.06 (−16.2 to 2.10)
P = 0.128
n = 17,304
Hip fracture repair −1.73 (−6.12 to 2.65)
P = 0.431
n = 77,089

Change in % Patients
Traveling Outside
Home Zip Code

Change in
Travel
Distance, km

Low-risk Patients
Change in % Patients
Traveling Outside
Home Zip Code

1.29 (−3.89 to 6.44) 0.618 (−11.2 to 12.5) 0.0569 (−1.74 to 1.86)
P = 0.617
P = 0.917
P = 0.950
n = 24,083
n = 21,622
n = 118,186
−1.73 (−6.29 to 2.83) 5.32 (−19.3 to 30.0)
−1.51 (−3.22. 0.218)
P = 0.449
P = 0.666
P = 0.086
n = 11,329
n = 10,260
n = 51,202
0.831 (−2.25 to 3.90) 4.57 (−4.18 to 13.3) 0.582 (−0.276 to 1.44)
P = 0.590
P = 0.487
P = 0.179
n = 29,907
n = 27,187
n = 339,648
−1.81 (−10.8 to 7.19) −0.953 (−21.2 to 19.2) −0.192 (−2.58 2.19)
P = 0.688
P = 0.925
P = 0.872
n = 12,644
n = 10,596
n = 154,640
−2.12 (−8.49 to 4.24) −0.200 (−16.6 to 16.2) −2.07 (−4.53 to 0.396)
P = 0.506
P = 0.981
P = 0.098
n = 14,113
n = 12,044
n = 122,085
1.96 (−38.7 to 42.7) −17.1 (−211 to 177)
2.65 (−9.81 to 15.1)
P = 0.923
P = 0.860
P = 0.671
n = 1,213
n = 1,111
n = 13,618
3.54 (−6.16 to 13.2) 3.03 (−20.0 to 26.1) −1.19 (−2.77 to 2.52)
P = 0.467
P = 0.793
P = 0.922
n = 12,306
n = 10,651
n = 61,295

Change in
Travel
Distance, km
0.605 (−1.76 to 2.98)
P = 0.611
n = 101,665
0.329 (−6.57 to 7.22)
P = 0.924
n = 44,744
0.141 (−0.845 to 1.13)
P = 0.776
n = 273,756
−0.418 (−2.10 to 1.27)
P = 0.620
n = 120,592
−0.311 (−3.65 to 3.02)
P = 0.852
n = 95,126
−3.48 (−26.1 to 19.1)
P = 0.758
n = 10,696
−2.08 (−8.12 to 3.97)
P = 0.493
n = 48,049

This table reports the results of two additional sets of robustness/sensitivity analyses. The first column report the results of an alternative model specification in which the dependent variable was the minimum distance traveled by patients living in the given zip code. The next two columns report the results of
analyses in which we restricted our sample to zip codes whose initial travel distances were > 50 km. The last two columns reports the results of analyses
in which we restricted our sample to low-risk patients. All analyses incorporate a variety of controls including zip code effects, year effects, and controls for
patient demographics and comorbidities. 95% CIs shown in parentheses were adjusted for clustering at the state level. “n” is the number of observations
(i.e., surgical cases) for the given analysis.

study did not examine whether “opt out” may have affected
the level (i.e., quality or effort) of supervision.
In conclusion, our article suggests that “opt out” did not
significantly shorten travel distances for the procedures we
examined. In combination with previous work suggesting
that “opt out” did not increase the total number of surgeries performed,40,41 our work suggests that “opt out” has not
been effective in increasing two important dimensions of
access to anesthesia care: number of procedures performed or
decreased travel distances for surgery. In sum, policymakers
should understand that “opt out” is unlikely to be a “silver
bullet” when it comes to increasing access to anesthesia care.
Understanding the reasons why “opt out” has not achieved
its intended goal remains an area for further research.

by “opt out.” Third, “opt out” would have no effect for those
instances where the nurse anesthetist is directly supervised by
the proceduralist.
Our results should be viewed in light of their limitations. First, while using the distance between zip codes is
an accepted method in the literature, one shortcoming is
that we are unable to observe changes in distance within a
given zip code, so that if “opt out” shortened travel distances
within a zip code (e.g., if a second, closer surgery center
opened within a given zip code), we would not observe this
effect. However, it does seem unlikely that the effect of “opt
out” would be only to shorten distances within a zip code,
without affecting the broader measures of distance that we
examined. Second, since our study was conducted among
the Medicare population, we were unable to ascertain the
effect of “opt out” on travel distances for procedures that
were rarely performed in this population but may be important from a policy standpoint. Third, while our study considered several commonly performed procedures, it is possible
that “opt out” may have reduced travel distances for procedures that we did not examine. Crucially, our study does
not address whether “opt out” may have improved access to
care for obstetrics procedures. Fourth, we cannot exclude the
possibility that the lack of effect could be explained by other
confounding variables, such as unobserved factors occurring
at the zip code or patient level. Finally, we note that our
Anesthesiology 2017; 126:461-71
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