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This paper examines the association of free-standing ambulatory surgery centers

(ASCs) with hospital surgery volume, using data from the 2002 Medicare Online
Survey Certification and Reporting System and the American Hospital Association

Annual Surveys of Hospitals. From 1993 to 2001, the number of ASCs per 100,000
population in metropolitan statistical areas (MSAs) increased by 150%. During the
same period, hospital outpatient surgeries increased 28%, while inpatient surgeries

decreased by 4.5%. MSA and year fixed-effects regression analyses suggest that an
increase of one ASC per 100,000 people was associated with a 4.3% reduction in

hospital outpatient surgical volume, but was not associated with inpatient surgical
volume.

The number of Medicare-certified free-stand-
ing ambulatory surgery centers (ASCs) has
grown rapidly, from approximately 400 in
1983 to more than 3,300 in 2001 (Winter
2003). ASCs provide relatively uncomplicated
surgical procedures in a nonhospital setting,
and typically specialize in one or two
procedures related to ophthalmology, gastro-
enterology, or orthopedics (Casalino, Devers,
and Brewster 2003; Winter 2003). Herzlinger
(2004) has referred to ASCs as an example of
‘‘focused factories’’ that are models of highly
specialized and efficient delivery of health
care.

ASCs tend to be physician-owned or
owned jointly by physicians and other in-
vestors; over the period 1985–2003, hospital-
physician joint ventures appear to be rare.
The profusion of ASCs has been controver-

sial, with the same concerns about self-
referral by physician-owners, patient selec-
tion, and competition with community hos-
pitals that have arisen with specialty hospitals
and free-standing imaging centers (Mitchell
2005; Guterman 2006; Stensland and Winter
2006; Greenwald et al. 2006).

Critics have argued that physician-owned
ASCs may present a conflict of interest leading
to the provision of unnecessary surgeries and
procedures (Casalino, Devers, and Brewster
2003; Mitchell and Sass 1995). Others have
argued that ASCs draw profitable patients
away from community hospitals, making it
difficult for those hospitals to provide un-
compensated care and unremunerative ser-
vices. Devers, Brewster, and Casalino (2003)
have suggested that ASCs may be part of
a return to the medical arms race in which
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providers attract patients with services and
amenities rather than price.

The growth of ASCs has been much more
rapid than that of specialty hospitals, but
there has been remarkably little empirical
research on the effects of ASCs on health care
markets. The existing work has documented
the growth of such facilities and provided
case studies of their impact on hospitals, but
no generalizable research has addressed the
effects of ASCs. This study begins to fill that
void by examining the association of the
growth of ASCs with outpatient and in-
patient surgery volume in community hospi-
tals. Our empirical analysis uses a balanced
1993–2001 metropolitan statistical area
(MSA) level panel data set constructed from
the 2002 Medicare Online Survey Certifica-
tion and Reporting System and the 1993–
2001 American Hospital Association Annual
Surveys of Hospitals. Over this period,
hospital ambulatory surgeries nationwide in-
creased 28%, while inpatient surgeries de-
creased 4.3%. However, at least some of the
procedures provided in ASCs appear to have
been substitutes for procedures in hospital
settings. Our MSA and year fixed-effects
regression results suggest that one additional
ASC per 100,000 population was associated
with a 4.3% reduction in hospital outpatient
surgery volume, but was not associated with
hospital inpatient surgical volume.

Background

Kozak, McCarthy, and Pokras (1999) docu-
ment the eightfold increase in ambulatory
procedures over the 16-year period, from
3 million operations in 1980 to 27 million in
1995. They attribute the growth in ambula-
tory surgery in part to advances in surgical
techniques and anesthesia. The surgical
changes, including laparoscopic and laser
techniques, have made surgery easier on
patients by reducing surgical trauma, pain,
and post-operative nausea, and by allowing
patients to return more quickly to their
normal lives (Lumsdon, Anderson, and
Burke 1992). The improvements in anesthesi-
ology have lessened headaches and post-
operative nausea (Detmer and Gelijns 1994).
As a result, the demand for ambulatory

surgical procedures increased and patients
who otherwise might have lived with their
minor symptoms or have been poor candi-
dates for more invasive procedures now may
receive ambulatory procedures.

In addition, the growth of managed care
and changes in Medicare payment systems
changed the incentives to use ambulatory
surgical settings. Arguably, managed care
plans’ attention to the price of services, as
well as location and quality, have led to an
insistence that relatively minor procedures be
performed on an ambulatory basis. However,
there is little evidence documenting managed
care plans’ preference for ambulatory set-
tings. However, Case, Johantgen, and Steiner
(2001) examined the use of ambulatory
settings for mastectomies in five states during
the first half of the 1990s. Controlling for
available clinical and hospital characteristics,
they found that those women with insurance
coverage other than health maintenance
organizations (HMOs) were 29% less likely
to receive an outpatient mastectomy than
were HMO enrollees.

The Medicare program moved to the pro-
spective payment system (PPS) in the mid-
1980s and implicitly provided incentives to
move procedures to the outpatient setting.
Sloan, Morrisey, and Valvona (1988) re-
ported dramatic reductions in the provision
of ‘‘little ticket’’ inpatient tests and proce-
dures after the advent of the PPS. Moreover,
Medicare expanded its coverage in the 1980s
to include more procedures provided in an
ambulatory setting, and often has paid more
for ambulatory-based services than for in-
patient ones.

Winter (2003) reported that the number of
Medicare-certified ASCs grew from just over
400 in 1983 to more than 3,300 in 2001. In
2000, 17% of Medicare-paid ambulatory
surgical procedures were performed in ASCs,
compared to 24% in physician’s offices and
59% in hospital outpatient departments. The
Medicare Payment Advisory Commission
(MedPAC) (2004) noted that over the period
1998–2002, nearly all ASCs (94%) were for-
profit and located in large metropolitan areas
(88%). On average, they were equipped with
2.5 operating rooms. The vast majority (99%)
of ASCs were free-standing facilities that
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were distinct from outpatient surgery depart-
ments or ambulatory surgical entities owned
by hospitals or jointly owned by hospitals
with surgeons. Medicare requires ASCs to
be licensed by the states in which they
operate in order to be Medicare-certified
providers (Casalino, Devers, and Brewster
2003).

Many ASCs specialize in one or two types
of relatively uncomplicated services. The
MedPAC (2004) reported that among Medi-
care-paid surgeries and procedures in 2001,
ophthalmology, gastroenterology, and ortho-
pedic surgery/procedures were among the
most frequently performed in the 750 high-
volume Medicare-certified ASCs. However,
only about 20% of ASC revenue came from
Medicare patients. Among the high-volume
Medicare ASCs, 43% provided general surgi-
cal services, while 34% specialized in oph-
thalmology and 18% specialized in gastroen-
terology. There is no information currently
available on specialty areas and total surgery
or procedure volume of ASCs.

Although ASCs are assumed to be a lower-
cost alternative to hospital outpatient surgery
facilities because of specialization, they some-
times are paid more generously by Medicare,
as already noted. ASCs were paid higher
Medicare facility fees than hospital outpa-
tient units in eight of the 10 surgical pro-
cedure categories that account for the highest
share of Medicare payments to ASCs (Winter
2003). The MedPAC (2004) has argued that
some of the higher payments were the result
of payment groupings of services that were
defined too broadly and of the use of old data
on costs. It also noted that the Medicare
Modernization Act eliminated payment up-
dates for ASCs for 2005 through 2009, and
had ordered a new payment system to be
implemented sometime between 2006 and
2008. The differences in Medicare payment
rates for ASCs and hospital outpatient
surgery departments appear to have created
incentives for ASCs to perform selectively
certain types of more profitable surgeries or
procedures, at least among Medicare benefi-
ciaries. A shift of profitable surgical proce-
dures from a hospital to an ASC setting
potentially could limit a hospital’s ability to
provide charitable care to communities.

Surgeons are paid the same professional
fees by Medicare for services regardless of the
delivery setting. Thus, surgeons who have an
ownership interest in an ASC can earn
a return on equity in the facility in addition
to their professional fees. This return on
equity may create some incentive for surgeons
to steer patients away from community
hospital outpatient facilities to ASCs where
they have an ownership interest. Although
federal laws (‘‘Stark I’’ and ‘‘Stark II’’
provisions) prohibit physicians from referring
their patients to facilities in which the
physicians have an ownership interest, ASCs
are exempted from these federal laws (Igle-
hart 2005).

The introduction of ASCs into hospital
markets has been controversial. For example,
Hyland (2003) reported in the Baltimore
Business Journal the controversy in Maryland
over ASCs, quoting a policy analyst for the
state’s health care commission: ‘‘Since out-
patient surgery tends to be profitable, [hospi-
tals] would like to keep it to themselves.’’ In
court cases in Hammond, La., Aberdeen,
S.D., and Rome, N.Y., ASCs have alleged
that local hospitals used exclusive contracts
with insurers to deprive the ASCs of business
or have closed the hospital medical staff to
new members to limit ASCs’ access to
surgeons (Lynk and Longley 2002; Leaner
2003). In 2004, some 25 states had certificate
of need (CON) provisions applying to ASCs
(Morrisey 2005). CON applications for ASCs
are often contentious. Casalino, Devers, and
Brewster (2003) have argued that the de-
velopment of ASCs in their case studies was
associated with the absence of CON and the
presence of large, single-specialty physician
groups. In contrast, Conover and Sloan
(1998) found no effect of CON on the
diffusion of ambulatory surgery units. While
it is generally believed that ASCs compete
with hospital outpatient facilities, other than
the case studies by Lynk and Longley (2002)
and Casalino, Devers, and Brewster (2003),
there is no empirical work in this area.

Conceptual Overview

The theory underlying the effects of ASCs on
community hospitals is straightforward. Hos-
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pitals are assumed to generally compete with
each other in the delivery of both inpatient
and outpatient surgical procedures. This
competition is traditionally assumed to be
along dimensions of services, quality, and
amenities provided to patients and their
physicians. With the advent of aggressive
managed care in the late-1980s, hospitals also
began to compete on the basis of the price of
services (Morrisey 2001). Thus, in a reason-
ably functioning private health care market,
the entry of a new ASC is expected to draw
ambulatory surgeries away from community
hospitals if the ASC offers lower prices,
greater convenience, and/or higher quality
to privately insured patients. In a managed
care setting, one can envision local managed
care plans negotiating over price and service
conditions and entering into a contract with
the new ASC.

In an administered price system like
Medicare, a new entrant is unable to compete
on a direct price basis. However, it still can
compete by offering better quality, location,
and services to surgeons and beneficiaries.
Moreover, if Winter (2003) is correct, many
Medicare payments for similar services are
higher if provided in an ASC. Under these
conditions, one would expect that Medicare
ambulatory surgeries would be shifted from
hospitals to newly established ASCs.

Thus, under both the reasonably price-
competitive private market and the adminis-
tered Medicare program, one would expect
that the entry of new ASCs would result in
reduced volume of outpatient surgery in
community hospitals. In contrast, the Devers,
Brewster, and Casalino (2003) argument of
a renewed medical arms race might suggest an
increase in both hospital outpatient and ASC
surgeries as providers compete more intensely
on service and amenity bases, implying unmet
demand and/or unnecessary surgical provi-
sion.

In addition, there is good evidence that
hospital prices are higher when the hospital
market is more concentrated (Morrisey 2001).
Recent work by the Government Account-
ability Office (GAO 2005) indicated that
hospitals in the least competitive markets
had prices that were 18% higher than
average, while those in more competitive

markets had prices 11% below average. This
suggests that ASCs will draw more ambula-
tory surgeries from community hospitals in
markets where the hospital market is more
highly concentrated.

Finally, the comparative advantage of
managed care plans is their ability to selec-
tively contract, trading volume for an accept-
able mix of price, services, and quality. If so,
in markets with greater managed care pene-
tration, one might expect health plans to
focus more aggressively on the efficiency of
their health care providers. The ‘‘focused
factory’’ notion of highly efficient ASCs then
suggests that ASCs will draw more ambula-
tory surgeries from hospitals in markets with
greater managed care penetration.

Data and Methods

We test the ASC competition, hospital
concentration, and managed care penetration
hypotheses using four secondary data
sources. The two main data sources are the
2002 Medicare Online Survey Certification
and Reporting System (OSCAR) and the
1993–2001 American Hospital Association
(AHA) Annual Surveys of Hospitals. The
OSCAR provides information on all Medi-
care-certified free-standing ASCs in operation
during 2001, excluding ASCs jointly owned
by hospitals. Hereafter, ASCs refers to
Medicare-certified free-standing ASCs.1

Relevant information from the OSCAR
includes the opening dates and the county
and state location of ASCs. The AHA survey
files provide information on outpatient and
inpatient surgery volumes as well as the
number of hospital admissions and an iden-
tifier of hospital system membership. On the
annual survey, an outpatient surgery is ‘‘a
scheduled service provided to patients who do
not remain in the hospital overnight….out-
patient surgery may be performed in operat-
ing suites also used for inpatient surgery,
specially designated surgical suites for out-
patient surgery, or procedure rooms within
an outpatient care facility’’ (AHA 2002,
p. 193). Two other data sources include
a health maintenance organization enroll-
ment file that reports the number of HMO
enrollees at the county level from 1993 to
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2001, and the Area Resource Files (ARFs),
which compile county-level information such
as the supply of physicians, population
estimates, and demographic and economic
characteristics from 1993 and the period
1995–2003.2 We used multiple year ARFs to
construct a longitudinal database.

We defined the relevant hospital market at
the MSA level based upon the 2001 designa-
tions because very few ASCs exist outside
MSAs, and MSAs have been used as the basis
of urban health care markets in the past
(Morrisey, Sloan, and Valvona 1988; GAO
2005). We aggregated all county-level data to
the MSA level and constructed a 1993–2001
MSA-level balanced panel data set by merg-
ing ASC data with HMO penetration, AHA
survey, and ARF data. There were a total of
322 MSAs in the United States in 2001, but
the final panel data set included only 317
MSAs each year because HMO penetration
data were not available for five MSAs.

The empirical model was estimated using
an ordinary least squares (OLS) regression
with MSA and year fixed effects. The MSA
fixed effects control for any MSA-specific
time-invariant variables such as disease prev-
alence. The year fixed effects control for time
trends in surgeries that may be correlated
with changes in ASC presence. Thus, the
analytic strategy was to purge the unobserved
and potentially confounded cross-sectional
heterogeneity by relying on the within-MSA
variation for estimation. Our main model has
the following specification:

ln(VOLUMEit) ~ b0 z b1ASCit

z b2 HHIit z b3 HMOit

z b4 Zit z mi z st z eit

where log-transformed outpatient, inpatient,
and total surgeries (VOLUME) in MSA i in
year t is a function of the number of ASCs per
100,000 population (ASC), the community
hospital concentration (HHI), the HMO
penetration rate (HMO), and other market
characteristic conditions (Z) as well as MSA
(m) and year (s) fixed effects. Standard errors
were adjusted via Huber robust standard
errors correction (White 1980). In alternative
specifications, one-year lagged right-hand

side variables were used in place of contem-
poraneous values as a check for potential
lagged market responses and reverse causal-
ity.

We would have preferred to have the prices
or volumes of ambulatory surgeries provided
in total or by type of surgery for ASCs, but
these data were not available from the
OSCAR. The ASC data also suffer from not
incorporating information on mergers and
closures. This appears to be a relatively minor
problem. The MedPAC (2004) reports that
while there was an average of 58 ASC
mergers and/or closures per year between
1997 and 2002, there were 279 new ASCs that
opened each year. We address the implica-
tions of the missing information on ASCs in
the discussion section.

Hospital concentration was measured by
the Herfindahl-Hirschman Index (HHI) from
the AHA survey data on admissions in
community hospitals. The HHI is defined as
the sum of the squared admission market
shares of all community hospitals in an MSA.
As the index value increases, admissions are
concentrated in fewer and/or larger hospitals.
To avoid underestimating market concentra-
tion by failing to account for the rapid
development of hospital systems, we treated
hospitals belonging to one hospital system
within an MSA as one single hospital when
calculating the HHI.

HMO penetration was used as a proxy of
managed care penetration. Recent research
suggests that greater penetration by HMOs is
associated with lower employer-sponsored
health insurance premiums, while greater
penetration by preferred provider organiza-
tions (PPOs) is not (Bamezai et al. 1999;
Morrisey, Jensen, and Gabel 2003). Thus, we
focused only on HMO penetration in this
study. HMO penetration is more likely to
capture the extent of aggressive selective
contracting with an emphasis on efficient
providers. We calculated HMO penetration
as a ratio of the total number of HMO
enrollees to the total population in each
MSA.

The additional MSA-level covariates (Z),
all constructed from the ARFs, included
specialty surgeons per 10,000 population
(those specializing in colon/rectal surgery,
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general surgery, neurological surgery, obstet-
rics-gynecology subspecialties, ophthalmolo-
gy, orthopedic surgery, otolaryngology, plas-
tic surgery, thoracic surgery, and urology),
nonfederal physicians per 10,000 population,
per capita income, unemployment rates
among those age 16 years or older, the pro-
portion of population over age 64, and total
MSA-level population in 100,000s.

Results

Table 1 shows the summary statistics of the
panel data of 317 MSAs in nine years (or
2,853 MSA-years). In spite of any substitu-
tion that may have occurred between hospital
outpatient surgical units and free-standing
ASCs, the volume of hospital outpatient
surgeries increased from 10.5 million (33,101
3 317) in 1993 to 13.5 million (42,565 3 317)
in 2001, an increase of over 28%. In contrast,
inpatient surgical volume declined over the
period: from approximately 8.8 million sur-
geries in 1992 to 8.4 million surgeries in 2001,
a decrease of 4.5%. The trends of hospital
surgery volume are also shown in Figure 1.

During the same period, the number of
ASCs was increasing rapidly. Figure 2 puts
this increase in some perspective by reporting
the number of such facilities per 100,000
population. The number of ASCs in the 317
MSAs increased by more than 150%. For
example, an MSA with a population of one
million in 2001 typically would have had
nearly 17 ASCs; the same MSA in 1993 likely
would have had only seven ASCs.

Table 2 contains the estimated models of
outpatient and inpatient hospital surgery
volumes. (Because the estimates of the main
models were similar in magnitude, direction,
and significance to those of the one-year
lagged models, we only discuss results of the
main model.) An increase in ASCs per
100,000 population was associated with a
statistically significant reduction in hospital
outpatient surgeries (p , .01), but it had only
a small and statistically insignificant effect on
inpatient procedures. One additional ASC
per 100,000 population was estimated to
reduce metropolitanwide hospital outpatient
surgeries by 4.3% (exp(2.044)–1).3 Evaluated
at the mean, the estimated marginal impact ofT
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an additional ASC per 100,000 implies a re-
duction of more than 1,644 hospital-based
outpatient surgeries per MSA per year (or
521,194 among the 317 MSAs studied).

As hypothesized, MSAs with greater hos-
pital concentration had fewer surgeries, both
outpatient and inpatient (both p , .01).
However, these effects were relatively small.
On average, the HHI increased from .388 to
.449 over the nine-year period of study. This
increase of .061 in the HHI was associated
with a 1.8% decrease in hospital outpatient
surgeries and a 1.3% decrease in inpatient
surgeries. Evaluated at the means, these two
estimates imply a total reduction of 703
outpatient surgeries and 489 inpatient surger-
ies for an average MSA.

In contrast, the hypotheses related to
HMO penetration were not supported. The
estimated coefficients were not statistically
significant on HMO penetration, although
the parameter estimates did suggest fewer
hospital outpatient and inpatient surgeries in
the presence of greater penetration. This may
reflect the lack of a managed care effect on
surgery volumes or may reflect the potential
endogeneity of the HMO penetration rate.

Turning briefly to the other variables in the
model, the number of specialty surgeons per

10,000 population was associated with more
surgeries of all types (p , .01). This may
reflect surgeon-induced demand, but more
likely reflects underlying health status that
attracts more surgeons and more surgeries
(Escarce 1992). There was no effect of the
number of physicians per 10,000 population
on surgery volumes. Metropolitan areas with
larger populations had higher demands for
both outpatient and inpatient surgeries (p ,

.01). The time dummies were consistent with
the increasing trend in outpatient surgeries
and the declining trend in inpatient surgeries.

Discussion

This study is the first to examine in any
nationally representative way the effects of
ambulatory surgery centers on hospital sur-
gical volume. It found that, on average, one
additional ASC per 100,000 population in
a metropolitan area was associated with 4.3%
fewer hospital outpatient surgeries each year.
ASCs had essentially no effect on hospital
inpatient procedures. Greater hospital con-
centration in an MSA was associated with
both fewer outpatient and fewer inpatient
surgeries, but these effects were relatively
small. Greater HMO penetration was found

Figure 1. Total hospital surgery volume in 317 MSAs
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to have little impact on the trend in hospital
surgical volume. The strength of these find-
ings lies in the use of the panel data and the
fixed-effects model that controls for unob-
servable time-invariant differences across
MSAs and over time.

However, this study has several limitations.
First, one would have liked to look directly at
the effects of the relative prices of particular
types of surgeries in ASCs and in hospital-
based facilities for both private sector and
Medicare payers. This would have allowed us
to draw some direct inference about the
extent to which price competition in the
private sector has caused hospital outpatient
volume to increase less rapidly. In particu-
lar, relative price data would permit an
analysis of the extent to which the shift in
outpatient surgeries to ASCs stems from
more generous payment rates set by Medi-
care. The lack of statistically meaningful
coefficients on the share of the population
age 65 and older in our models was consistent
with MedPAC (2004) data suggesting that
Medicare accounts for a relatively small share
of ASC business. However, our finding is
hardly definitive.

Second, it would have been useful to have
information on the specialties and surgical

volumes of ASCs. This would have allowed
us to examine whether hospitals are particu-
larly affected by, for instance, ASCs devoted
to orthopedic procedures relative to ophthal-
mologic procedures. As it is, without mea-
sures of the volume of procedures provided in
ASCs, we were able to estimate only the effect
of an ‘‘average’’ new facility providing an
‘‘average’’ mix of surgical procedures.

Third, information on the number of ASC-
provided surgeries combined with hospital
ambulatory surgery data would have allowed
us to investigate the effects of the introduc-
tion of ASCs on the communitywide surgical
volume. This would have let us examine
whether ASCs contribute to a renewed med-
ical arms race as Devers, Brewster, and
Casalino (2003) have suggested, and/or the
extent to which ASCs reflect advances in
surgical technique and an expansion of
services to new cohorts of patients.

A fourth limitation of our ASC data is that
we only knew the opening dates of those
ASCs that existed in 2001. Thus, we do not
know other ASCs that may have existed and
subsequently closed before 2001 (but were
operating for some of the years during the
nine-year period of the study). Nor do we
know of any ASC mergers that may have

Figure 2. Average number of ambulatory surgery centers per 100,000 population, per MSA
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occurred during the period. This may yield
biased parameter estimates. However, while
the direction of bias depends on many
factors, random measurement error in the
number of ASCs in the market tends to bias
the coefficient toward zero. On the other
hand, if there were significant numbers of
ASCs that were missing from our data, that
would have over-estimated the actual average
impact of ASCs on community hospital
surgical volumes.

Finally, there are the usual limitations of
using the MSA as a measure of the market,
the Herfindahl-Hirschman Index as a measure
of competition, and the HMO penetration
rate as a managed care penetration rate.
While commonly used, the MSA may over-
state the size of the relevant market particu-
larly in large urban areas, potentially under-
stating the extent of ASC-hospital compe-
tition in some regions of the MSA and
overstating it in others. The Herfindahl-
Hirschman Index has the advantage of
reflecting both the number of hospital pro-
viders and the relative dominance of larger
facilities. Its disadvantage is that it combines
both factors. We re-estimated our models

using the number of hospitals in the MSA as
a sensitivity analysis. The results were consis-
tent with those presented here. The limitation
with the HMO penetration measure is two-
fold. It fails to include other forms of
managed care and it is unable to account
for the aggressiveness of the selective con-
tracting that historically has been the com-
parative advantage enjoyed by managed care
organizations.

Nonetheless, this study suggests that ASCs
are meaningful competitors to hospitals;
markets with more ASCs per unit population
had fewer hospital outpatient surgeries. From
the perspective of patient empowerment,
consumer-directed health plans, and a desire
for choices on the part of consumers, this
finding can be viewed as good news. It
suggests that consumers can find options
from which to obtain minor surgical proce-
dures, and that these providers may be able to
compete on the basis of price as well as
quality and convenience.

The results also can be viewed as consistent
with those who see ASCs as focused factories.
In a reasonable, competitive ambulatory
surgery market, one would expect specialized,

Table 2. Effects of ASCs on hospital outpatient and inpatient surgical volume

Dependent variable: log-transformed surgery volume Outpatient surgery Inpatient surgery

ASCs per 100,000 population 24.419*** (1.023) .068 (.490)
Hospital concentration (HHI) 2.306*** (.083) 2.212*** (.072)
HMO penetration 2.022 (.131) 2.141 (.109)
No. specialty surgeons per 10,000 population .024*** (.007) .032*** (.010)
No. nonfederal physicians per 10,000 population .005 (.004) .004 (.006)
Per capita income in $10,000s (2001 $) 2.023 (.034) 2.092*** (.030)
Unemployment rate .361 (.584) 2.470 (.578)
Proportion of population age . 64 years 1.099 (1.677) 1.271 (1.764)
Total population per MSA in 100,000s .024** (.006) .036*** (.007)
Year 1994 .033*** (.016) 2.031** (.015)
Year 1995 .068*** (.020) 2.024 (.018)
Year 1996 .120*** (.023) 2.034 (.023)
Year 1997 .183*** (.028) 2.034 (.028)
Year 1998 .227*** (.035) 2.007 (.034)
Year 1999 .249*** (.039) 2.009 (.038)
Year 2000 .279*** (.043) .006 (.042)
Year 2001 .284*** (.045) .031 (.043)

Number of observations (MSA-years) 317 3 9 5 2,853

Note: Standard errors (in parentheses) were adjusted for Huber standard errors correction. MSA 5 metropolitan statistical
area; ASC 5 ambulatory surgery center; HMO 5 health maintenance organization; HHI 5 Herfindahl-Hirschman index.
*Statistical significance at 10%.
**Statistical significance at 5%.
***Statistical significance at 1%.
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highly efficient providers to draw patients
away from other, less efficient providers. The
results suggest that ASCs have been able to
draw patients from community hospitals.
From a related perspective, the findings
suggest that those concerned about hospital
competition need to consider more formally
alternatives to hospitals, at least as they
consider ambulatory procedures.

From other perspectives, one may be less
sanguine about the findings. If it is the case,
as MedPAC (2004) reported, that ASCs
receive higher payments than hospitals do
for many identical procedures, then these
findings may indicate that the locus for minor
surgical procedures has shifted for reasons
that have nothing to do necessarily with
efficiency or competition on a level playing

field. The findings may highlight only the
inefficiency of the Medicare payment system.
Finally, in as much as ASCs are overwhelm-
ingly physician-owned and exempt from
Stark I and II federal laws, the apparent shift
from hospital-based to free-standing ambula-
tory surgery may reflect substantial self-
referral, with all the attendant controversy
about financial self-interest, specialization,
and quality of care.

ASCs appear to be significant players in the
ambulatory surgery market. As a result,
much more effort needs to be expended on
obtaining data on ASCs, and on understand-
ing ASCs’ effects on prices and quality of
surgical care, on private sector and Medicare
expenditures, and on local markets for
hospital care.

Notes

Earlier versions of this paper were presented at the
University of Alabama at Birmingham Lister Hill
Center for Health Policy, the 2005 AcademyHealth
meetings, and the 2006 ISPOR Asia-Pacific con-
ference. We thank participants, Kathy Swartz, and
two anonymous reviewers for useful comments. In
addition, we thank Kathleen Dalton for providing
access to the free-standing ambulatory surgery
center data, and Laurence Baker for access to the
HMO data used in this study. Remaining errors are
our own.

1 It is worth noting that the data appear to have
very few hospital-physician joint ASCs during
the period 1993-2001. The 2001 AHA Annual
Survey showed that only 44 hospitals in the
317 MSAs reported having an ambulatory

surgery joint venture. This is consistent with
the MedPAC (2004) data as well.

2 We thank Lawrence Baker for providing the
HMO data. These data were derived from
Group Health Association of America and
InterStudy surveys and were adjusted to
distribute an HMO’s total enrollment across
the counties in which HMOs provided services
based upon the county’s population (Baker
1997).

3 Table 2 reports the actual coefficient estimates
and standard errors. However, discussion of
the magnitude of dichotomous variables in the
text incorporates the Halvorson-Palmquist
correction for logged dependent variables.
See Kennedy (2003) for a discussion.
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Abstract: 

This paper estimates the effect of ambulatory surgical centers (ASCs) on hospital surgical volume using 
hospital and year fixed effects models with several robustness checks. We show that ASC entry only appears to 
influence a hospital’s outpatient surgical volume if the facilities are within a few miles of each other. Even then, 
the average reduction in hospital volume is only 2–4%, which is not nearly large enough to offset the new 
procedures performed by an entering ASC. The effect is, however, stronger for large ASCs and the first ASCs 
to enter a market. Additionally, we find no evidence that entering ASCs reduce a hospital’s inpatient surgical 
volume. 
JEL classification: I11 
Keywords: Ambulatory surgical center, Hospital competition, Physician-ownership, Hospital profit 
 
Article: 

1. Introduction 

Many studies have examined how hospitals compete on price and non-price dimensions (i.e. Zwanziger and 
Mooney, 2005; Abraham et al., 2007). However, when defining hospital markets, these studies have assumed 
that hospitals only compete with other hospitals. The impact of ambulatory surgical centers (ASCs), which also 
provide some services offered by hospitals, on the competitive environment of hospital markets has rarely been 
considered. 
 
ASCs are small healthcare facilities that predominately offer outpatient surgeries and certain high-tech 
diagnostic tests. ASCs are typically for-profit facilities located in urban areas (MedPAC, 2005). The number of 
Medicare certified ASCs has grown from 2,462 in 1997 to 4,700 in 2006, with roughly 1.7% of facilities exiting 
annually during that time (MedPAC, 2005, 2009). Outpatient surgeries are increasingly performed at ASCs 
rather than hospitals; in 2006 ASCs provided an estimated 42.8% of all outpatient surgeries in the United States 
(Cullen et al., 2009). ASCs are appealing to physicians and patients since they offer nicer amenities than 
hospitals and may cost less than hospitals due to specialization. 
 
ASCs have been criticized, however, for potentially reducing the volume of high revenue services from 
hospitals’ outpatient departments, hindering their ability to subsidize less profitable services such as 
uncompensated care (Higgins, 2005; Kelly, 2003a,b; Casalino et al., 2003). For example, one hospital 
administrator claimed that in 2005 only 31% of his hospital’s revenue came from outpatient services, compared 
to 52% 5 years earlier (Feldstein, 2006). The administrator cited a nearby ASC that specialized in orthopedic 
surgery as a primary reason for the decline.2 Since physicians who treat patients at an ASC are generally partial 
owners of that facility, ASCs allegedly ―have an unfair edge in referrals from physicians with a financial 
interest‖ (Kelly, 2003a,b). Physician-owners of ASCs may cherry pick by treating their high revenue-low cost 
patients at facilities they own and their low revenue-high cost patients at hospitals (Abelson, 2004; Gawande, 
2009). 
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We contribute to the debate over ASC-hospital competition by examining the impacts of ASC entry into a 
hospital’s market on the hospital’s outpatient and inpatient surgical volume. We estimate hospital and year fixed 
effects models with a detailed set of hospital- and area-level controls, computing ASC presence in a hospital’s 
market using both fixed and variable radius market definitions. As robustness checks, we estimate models 
including MSA-by-year effects, hospital-specific time trends, and future ASC presence, as well as instrumental 
variable models that use lagged ASC presence as an instrument for current ASC presence. We find that an 
additional ASC in a hospital’s market reduces the hospital’s annual outpatient surgical volume only if the 
facilities are very close to each other – less than 4 miles apart – and even then the average reduction is a modest 
2–4%. This magnitude is not nearly large enough to offset the additional procedures performed at the typical 
ASC. The effect is somewhat more substantial, however, if the entering ASC is large or an early entrant: an 
ASC with three of more operating rooms reduces outpatient volume by about 7%, while the first ASC in a 
market reduces outpatient volume by 5–6%. We find no evidence that ASC entry lowers a hospital’s inpatient 
surgical volume. 
 
The rest of this paper proceeds as follows. Section 2 discusses the relevant literature, while Section 3 describes 
the data. In Section 4, we attempt to determine the approximate size of the market in which ASCs and hospitals 
compete. Using these results to guide our choice of market definitions, in Section 5 we estimate the average 
effect of ASCs in a hospital’s market on the hospital’s outpatient and inpatient surgical volume. In Section 6, 
we test for heterogeneity in the effect on the basis of the size of the ASCs and the number of pre-existing ASCs 
in the market. Section 7 concludes.  
 
2. Literature review 

To date, few authors have examined the effect of ASCs on hospital output. Lynk and Longley (2002) present 
two case studies where the entry of ASCs into rural hospitals’ markets led the hospitals to perform dramatically 
fewer outpatient surgeries. Bian and Morrisey (2007) extend this type of research to a national sample. Using 
MSA-level panel data from 1993 to 2001, they find an additional ASC per 100,000 individuals is associated 
with a 4.3% decrease in hospital outpatient surgeries but no statistically significant change in hospital inpatient 
surgeries. Their model includes MSA and year fixed effects as well as controls for hospital concentration, HMO 
penetration, number of specialty surgeons, number of non-federal physicians, per capita income, unemployment 
rate, total population, and the proportion of the population age 65 years or older. 
 
Our paper builds on the analysis of Bian and Morrisey in three ways. First, we directly examine how ASC 
presence in a hospital’s market affects that hospital’s output. It is not clear how Bian and Morrisey’s estimated 
MSA-level associations could measure that relationship, as the typical market in which ASCs and hospitals 
compete is likely much smaller than an entire MSA. Also, defining markets using MSA borders may 
misclassify the markets of hospitals located close to a border. We conduct a hospital-level instead of MSA-level 
analysis, defining hospital markets using both fixed and variable radius techniques that approximate the size of 
a typical market. 
 
Second, we perform numerous robustness checks to investigate omitted variable bias and reverse causality. 
Omitted variable bias is a potential concern in Bian and Morrisey’s model, as an increase in demand for 
outpatient services over time not captured by the control variables could lead to both ASC entry and an increase 
in hospital outpatient surgical volume. Reverse causality is also possible, as an increase in the number of 
outpatient surgeries performed by a hospital may encourage the entry of ASCs. 
 
Third, we test for heterogeneity in the effect of ASC entry on hospital outpatient surgical volume based on ASC 
size and the number of ASCs already in the market. Large ASCs serve more patients than small ASCs and 
therefore likely cause more substantial reductions in hospital volume. The effect of the first ASC to enter a 
market may be stronger than the effect of an additional ASC once the market is saturated, at which point ASCs 
compete with other ASCs in addition to hospitals. 
 



Researchers have also examined other aspects of ASCs besides their effect on hospital volume. Wynn et al. 
(2004) found that older and unhealthier patients (who are more costly to treat) are more likely to be treated at a 
hospital than at an ASC. Winter (2003) shows the average risk score (a measure of the cost of treating a patient 
based on factors such as age and comorbidities) of patients is higher at hospital outpatient departments than at 
ASCs. Gabel et al. (2008) show that physicians are more likely to treat well-insured patients at their ASC and 
send Medicaid patients to hospitals. Plotzke and Courtemanche (forthcoming) analyze a sample of Medicare 
patients and find that a 10% increase in a patient’s profitability is associated with a 1–2 percentage point 
increase in the probability that the patient is treated at an ASC instead of a hospital. They find, however, that 
profitability is only one of many factors that affect surgery location decisions, with patient health and procedure 
complexity being potentially more important.3 Most recently, Hollingsworth et al. (2010) used Florida data to 
show that physicians with an ownership stake in an ASC performed significantly more surgeries than other 
physicians. The authors pointed to financial incentives as a possible explanation. 
 
3. Data 
Our empirical analysis utilizes data from two main sources. First, we use the Centers for Medicare & Medicaid 
Services (CMS), Provider of Services (POS) files from 1999 to 2004 for information on every ASC in the U.S. 
certified to treat Medicare patients.4 We obtain the entry date, geographic location, and services offered by 
ASCs from the POS files, allowing us to compute the number of ASCs in any given area in all years up to 
2004.5 We determine the latitudes and longitudes for the ASCs by using their street address and geocoding 
software from www.geocode.com. 
 
Next, we use the 1997 through 2004 AHA annual surveys for information on a hospital’s geographic location, 
ownership, teaching status, facility size, services offered, staffing arrangements, and number of outpatient and 
inpatient surgeries performed. The AHA survey includes the latitude and longitude of most hospitals, and we 
compute any missing information using the geocoding software. We then compute the distance between every 
pair of healthcare facilities in the sample using the ―great circle‖ distance formula. To minimize differences 
between urban and rural hospital markets, we only examine hospitals located in urban areas. 
 
We next match the hospitals in the sample to each of the ASCs in their markets. Several different market 
definitions have been used in the hospital competition literature.6 The easiest approach is to define markets 
according to geopolitical boundaries, such as Metropolitan Statistical Areas (MSAs) or counties. However, this 
likely leads to markets that are too small or too large, while also inaccurately describing the markets of hospitals 
located near a border. Another possibility is to define market boundaries using a fixed radius. This method 
assigns the same fixed radius to all hospitals in the sample and assumes that the radius around each hospital rep-
resents the hospital’s market. This definition may also provide an inaccurate description of the market since 
different hospitals have different market sizes. Gresenz et al. (2004) accounted for this problem by constructing 
a variable radius measure for hospital markets. The authors calculate the actual radii from which hospitals in 
nine states admit 75% of their inpatients and also the radii from which those hospitals admit 90% of their 
inpatients. They then calculate the predicted radii for the remaining hospitals in the 1997 AHA survey.7 

 

We utilize both the variable and fixed radius approaches. We begin with the 75% variable radius market 
definition of Gresenz et al. (2004). Since the average 75% variable radius in our sample is 11.5 miles, we also 
use an 11.5 mile fixed radius to examine the robustness of our results.8 After creating these markets, we split 
them into thirds to examine how the effects of ASCs differ by their distance from a hospital. It is possible that 
inpatient market sizes may be too large for outpatient surgeries, or that ASC versus hospital competition occurs 
in a smaller area than hospital versus hospital competition. Using the 75% variable radius definition, we 
determine the number of ASCs within the first, second, and third thirds of that radius. For instance, if a hospital 
admits 75% of its inpatients within 15 miles of the hospital, we compute the number of ASCs that are less than 
5 miles, between 5 and 10 miles, and between 10 and 15 miles away from that hospital. With the 11.5 miles 
fixed radius definition, we compute the number of ASCs that are less than 3.83 miles away from a hospital, 
between 3.83 and 7.67 miles away, and between 7.67 and 11.5 miles away. 
 

http://www.geocode.com/


  
We utilize a wide range of hospital-level, market-level, and county-level variables as controls. Our hospital-
level controls include the number of operating rooms and full time physicians as well as dummy variables for 
whether the hospital is small (has less than 100 beds); is non-profit, for-profit, or public; is a teaching hospital 
(as defined by having at least 20 residents); and has an additional facility (besides the main hospital) where it 
provides outpatient surgery. Our market-level variables are the total number of hospitals and the Herfindahl 
Hirschman Index (HHI).9 Our county-level controls consist of demographic characteristics (total population and 
the population that is age 65 or older) from the Area Resource Files produced by Quality Resource Systems 
Inc., economic characteristics (unemployment rate, percentage living in poverty, and log of median income) 
from the Bureau of Labor Statistics, and the percentage of people without health insurance from the U.S. 
Census Bureau.10 
 
Table 1 reports the variables’ summary statistics using both the 75% variable radius and 11.5 mile fixed radius 
market definitions. In brackets, we report whether a variable is hospital-level, market-level, or county-level. The 
fixed radius sample consists of 13,405 observations from 2349 hospitals, while the variable radius sample 
consists of 13,322 observations from 2243 hospitals.11 The average hospital performs approximately 5600 
outpatient and 3600 inpatient surgeries per year. Using the variable radius, the average hospital’s market 
contains 6.1 ASCs: 2.2 in the closest third of the radius, 1.9 in the middle third, and 2.0 in the farthest third. 



Using the fixed radius, 7.8 ASCs are in the average hospital’s market: 2.2 less than 3.83 miles away, 2.5 
between 3.83 and 7.67 miles away, and 3.1 between 7.67 and 11.5 miles away. 

 
4. Market size 

We begin the empirical analysis by attempting to determine the approximate size of the market in which 
hospitals and ASCs compete. We regress the natural log of hospital outpatient surgeries (ln(OS)) on the number 
of ASCs in the first third (ASC1), second third (ASC2), and third third (ASC3) of the market, as well as the set 
of controls (Controls) and hospital and year fixed effects (α and ω).12 In unreported regressions, we find that 
splitting the market radius into more than three pieces does not reveal additional information, and also that the 
results are similar using the total number of ASC operating rooms in the market instead of the number of ASCs. 
The regression equation is 

 
where subscripts i and t indicate hospital and year. We take the log of surgeries following Bian and Morrisey 
(2007); this gives the coefficients an approximate percentage interpretation.13 Controls includes the set of 
control variables described in Section 3, plus the squares of population and population 65 and over. We estimate 
(1) using both the 75% variable radius and the 11.5 miles fixed radius market definitions. Since 11.5 miles is the 
average of the 75% variable radii for the hospitals in the sample, the coefficient estimates for the market-level 
variables in the two regressions are somewhat comparable. We compute heteroskedasticity-robust standard 
errors corrected for clustering at the hospital-level. 
 
Table 2 reports the results. In both regressions, an increase in the number of ASCs within 1/3 of the radius is 
associated with a statistically significant but modest reduction in hospital outpatient volume. An additional ASC 
within 1/3 of the 75% radius reduces the hospital’s outpatient surgeries by approximately 3.1 %, while an 
additional ASC within 3.83 miles reduces the hospital’s outpatient surgeries by 2.7%. However, we find no 
evidence in either regression of an association between ASCs in the second and third thirds of the market and 
hospital output even though the coefficients are precisely estimated. 
 
When examining ASC versus hospital competition, the appropriate market size therefore appears to be small 
relative to the market sizes typically used when studying competition in a hospital’s inpatient market (e.g. 
Rogowski et al., 2007; Dafny, 2005). Outpatient surgeries are generally simpler than inpatient surgeries, so 
patients may not need to travel as far to receive adequate care. Given the results from this section, in Sections 5 
and 6 we define markets using 1/3 of the 75% variable radius and a 3.83 miles fixed radius. 
 
Only two of the control variables – number of operating rooms and unemployment rate – are significant in both 
regressions, while number of hospitals in the market is also significant in the variable radius regression. We 
suspect that the other controls are not significant in these fixed effects models because of a lack of variation in 
these variables over time during our sample period. Fortunately, there is ample variation over time in the 
number of ASCs (MedPAC, 2005). The independent variables together explain over 90% of the variation in 
outpatient surgeries, largely due to the explanatory power of the hospital and year fixed effects. 
 
5. Average effects 

5.1. Models 

Defining markets using both 1/3 of the 75% variable radius and a 3.83 miles fixed radius, we next estimate the 
average effects of additional ASCs in a hospital’s market on the hospital’s outpatient and inpatient surgical 
volume. While it is less likely that ASC entry would affect inpatient volume than outpatient volume, a 
connection is possible. Hospitals that lose outpatient surgeries to an ASC may use excess capacity to treat more 
inpatients. Alternatively, an entering ASC may treat some patients on an outpatient basis who previously would 
have been treated on an inpatient basis at a hospital. 
 
Our baseline regression equation is 



 
where Y is either ln(outpatient surgeries) or ln(inpatient surgeries). We also estimate the model without controls 
in order to assess the sensitivity of   1 to their inclusion. 
 
The fixed effects estimator is unbiased if there are no unobserved variables that change over time that are 
correlated with the error term during any time period. That is, the error term must be strictly exogenous. With 
respect to   1, our controls should capture some of the potential sources of omitted variable bias, such as age and 
income. As discussed in Section 2, however, potential endogeneity concerns remain. The controls may not 
capture all time-varying factors that affect demand for healthcare services, and changes in demand could 
determine both ASC entry and changes in hospital output. Reverse causality is also possible, as physicians may 
observe an increase in a hospital’s outpatient surgical volume and decide to open an ASC. We conduct a 
number of robustness checks to examine these concerns. 
 
First, we add MSA-by-year effects to the model by interacting each of the year fixed effects with each of a set 
of MSA fixed effects. The inclusion of MSA-by-year effects restricts identification of the parameters of interest 
to variation between hospitals in the same MSA over time.14 To illustrate, suppose an ASC opens in the markets 
of two hospitals in the Boston MSA but not in the markets of the other hospitals in the MSA. If demand for 
healthcare services has been growing faster in the Boston MSA than in other parts of the country, the baseline 
fixed effects estimator may be biased upward, and adding MSA-by-year effects would eliminate this bias. 
 
We next replace the MSA-by-year effects with hospital-specific linear time trends, created by interacting year 
with each of the hospital fixed effects.15 Controlling for unobservable time-variant MSA characteristics may not 
remove all sources of bias, as there is heterogeneity within MSAs. For instance, some areas of an MSA are 
wealthier than others, which may impact hospital outpatient surgical volume as well as ASC entry patterns. If 
secular trends in demand or other unobservable characteristics of a hospital or its market are biasing the 
baseline fixed effects estimator, including hospital trends will affect the results. A limitation of this approach is 
that changes over time in the unobservable variables are assumed to be linear; including hospital trends may not 
impact the results if changes in the sources of omitted variable bias are sufficiently non-linear. 
 
While including MSA-by-year effects or hospital trends can reduce or eliminate omitted variable bias, they do 
not solve the problem of reverse causality. We therefore next estimate (2) including as an additional regressor 
the number of ASCs in the market at the end of the following year. If the lead of the number of ASCs is 
correlated with the dependent variable conditional on the current number of ASCs, this would provide evidence 
of reverse causality. 
 
We next estimate instrumental variable models using lagged ASC presence as an instrument for current ASC 
presence. If reverse causality is a problem, using lagged number of ASCs as an instrument for current number 
of ASCs should impact the results. We estimate two-stage least-squares fixed effects models of the following 
form: 

 

 
 
where ui and σt are the first-stage hospital and year effects, εit is the first-stage error term, j is the number of 
years before the cur-rent year (j = 1, 2,. .., 10), and the other terms are defined as in (2).16

 We present the results 
when j = 1 and j = 10; results using the lag lengths in between these are similar. The identifying assumption in 
the model is that, conditional on the controls, lagged ASC presence is only correlated with hospital output and 
profit through its effect on contemporaneous ASC presence. This assumption would be violated (for at least 
some of the shorter lag lengths) if the effects of ASC entry are gradual or temporary. To test the validity of the 



exclusion restriction, we estimated the baseline model (2) including up to five annual lags of the number of 
ASCs in addition to the number of contemporaneous ASCs. The lags in all cases were highly insignificant, 
suggesting that the effects of ASCs occur relatively quickly.17 

 
5.2. Results 

Tables 3 and 4 report the results for outpatient and inpatient surgeries. Panel A of each table uses 1/3 of the 75% 
variable radius, while Panel B uses the 3.83 miles fixed radius. The first column reports the results from the 
regression excluding the controls, while the second column displays the results from the baseline model in Eq. 
(2), which includes the controls. The third column adds the MSA-by-year effects and the fourth replaces the 
MSA-by-year effects with the hospital trends. The fifth column reports the estimates from the baseline model, 
but including the lead of the number of ASCs. The sixth and seventh columns use number of ASCs in t-1 and t-
10, respectively, as instruments for current number of ASCs. The first and second rows of each panel report the 
coefficient estimates and standard errors for the number of ASCs and, when applicable, the lead of ASCs. For 
the instrumental variable models, the third row reports the F-statistic from the test of the null hypothesis that the 
instrument does not belong in the first-stage model. 

 
Table 3 shows that ASC entry is associated with a reduction in hospital outpatient surgical volume. In the 
baseline regression, an additional ASC reduces outpatient volume by approximately 3.2% using the variable 
radius and 2.7% using the fixed radius. Results are similar excluding the controls; adding MSA-by-year effects, 
hospital trends, or the lead of ASCs; and using short or long lags of ASC presence as an instrument for current 
ASC presence. Number of ASCs is significant in all 14 regressions, and the estimated effects range from 2.2% 
to 3.8%. We find no evidence of omitted variable bias or reverse causality, as none of the estimates from the 
robustness checks are statistically distinguishable from the base-line estimates, and the lead of ASCs is highly 
insignificant. 

 
Table 4 presents the results for inpatient volume. Number of ASCs is not statistically significant in any of the 14 
regressions, even though the coefficients are precisely estimated. We again find no evidence that the baseline 
fixed effects estimator suffers from omitted variable bias or reverse causality, as the estimated effects in 
columns (3)–(7) are statistically indistinguishable from those in column (2), and the lead of ASCs in column (5) 
is statistically insignificant. The finding that ASC entry has no effect on a hospital’s inpatient surgical volume is 
not surprising given that ASCs provide only outpatient surgeries. 



In all, an additional ASC is associated with a 2–4% reduction in the average hospital’s outpatient surgical 
volume but no statistically or economically significant change in inpatient volume. While this effect is non-
trivial, it is not large enough to suggest that competition from ASCs poses a serious threat to the viability of the 
typical hospital. To illustrate, our baseline estimates imply that a 10% increase in the number of ASCs in a 
hospital’s market at the sample mean (2.164 ASCs using the variable radius, 2.225 using the fixed radius) 
would reduce a hospital’s outpatient volume by just 0.6–0.7%, and that the existence of ASCs has caused 
hospital outpatient volume to be just 6–7% lower than it would have been otherwise. These effects are 
economically meaningful but less severe than one might suspect given the anecdotes discussed in Section 1. For 
instance, recall the hospital whose share of revenues coming from outpatient procedures fell from 52% to 31% 
after the entry of a nearby ASC (Feldstein, 2006). If revenues from other sources were constant, then outpatient 
revenues must have fallen by 40% – an order of magnitude greater than the effect estimated in this paper. The 
impact on this hospital was therefore either an exceptional case or due largely to other factors besides the entry 
of the ASC. 
 
We can also use these calculations to relate our estimates to those of Bian and Morrisey (2007). Bian and 
Morrisey’s estimated impact is 4.3% and their sample mean for ASCs per 100,000 residents is 1.208, implying 
that the existence of ASCs has caused hospital volume to be 5.2% less than it would have been otherwise. This 
is slightly less than but similar to our estimates of 6–7% from the preceding paragraph. We caution against a 
direct comparison since the two papers estimate different parameters: Bian and Morrisey estimate the impact of 
ASCs per 100,000 residents in an MSA on outpatient surgeries performed by all hospitals in the MSA while we 
estimate the impact of the number of ASCs in a hospital’s market on outpatient surgeries performed by that 
hospital. That said, the two papers appear to be in agreement about the order of magnitude of the aggregate 
effect. Our results, though, emphasize that ASC entry in an MSA will have very different effects on the 
hospitals in that MSA depending on their distance from the new ASC. 
 
5.3. Does the decrease in hospital volume offset the increase in ASC volume? 

Given our results, an important question is whether the loss in hospital volume fully offsets the increase in ASC 
volume. The offset is likely somewhat less than one-to-one, as some procedures performed at a new ASC would 
otherwise be performed in physician offices or other ASCs as opposed to hospitals. However, if the offset is 
substantially less than one-to-one, this would provide indirect evidence that ASC entry increases a market’s 
overall outpatient surgery volume. Such an increase in overall market volume could occur for three distinct 
reasons. First, ASCs provide greater convenience, comfort, and ease of scheduling than hospitals, which could 
increase the volume of surgeries on the margin in a welfare-enhancing way. Next, the opportunity to earn 
additional income from the facility fee could lead physician-owners of ASCs to induce demand, consistent with 
Hollingsworth et al.’s (2010) finding that ASC ownership leads physicians to perform more surgeries.18 Finally, 
HOPDs faced with declining profits may induce demand to recoup some of the losses.19 

 
Unfortunately, we are unable to directly estimate the relationship between a market’s ASC volume and a 
market’s hospital outpatient volume because our data do not include the number of surgeries performed by each 
ASC. We therefore calculate an approximation of this relationship using the following formula. We define 
OFFSET as the proportion of an entering ASC’s outpatient volume lost by hospitals, dYH/dASC as the marginal 
effect of the number of ASCs in the market on the number of outpatient surgeries performed annually by the 
average hospital in the market, YASC as the number of surgeries performed at the average ASC, and 
M as the number of hospitals’ markets in which the average ASC is located. Therefore, 

dYH/ dASC* M 
OFFSET =    ------------------------ (5) 

       YASC 
We estimate dYH/dASC using regression equation (2) with the variable radius market definition and the level 
instead of the log of hospital surgeries as the dependent variable, obtaining the coefficient estimate −134 
(standard error 47).20 As sensitivity analyses, we also utilize as alternative values for dYH/dASC this point 
estimate plus or minus one or two standard errors (−40, −87, −181, and −228). We use three values for M: the 



number of hospitals’ markets in which the average ASC in our sample is located in all years (5.5), in the year in 
which this number was the lowest (5.1 in 2004), and in the year in which it was the highest (5.9 in 1997). 
 
Since our data do not contain information on the number of surgeries performed by ASCs, we calibrate YASC as 
follows. We are not aware of any national estimates of the number of surgeries performed by the average ASC, 
but during 2002 ASCs in Indiana and Pennsylvania performed an average of 3494 and 3953 surgeries, 
respectively (Indiana State Department of Health, 2003; Pennsylvania Health Care Cost Containment Council, 
2003). We also develop our own national estimate by dividing the number of surgeries performed at ASCs in 
the U.S. in 2006 (14.9 million; Cullen et al., 2009) by the number of ASCs in the U.S. in 2006 (4700; MedPAC, 
2009), obtaining 3170. We set YASC equal to each of the values 3494, 3953, and 3170. 
 
Together, there are 45 possible parameter combinations. We report the results for each combination in 
Appendix Table 1. OFFSET ranges from 0.052 to 0.424, with a median of 0.211, mean of 0.210, and standard 
deviation of 0.108. Importantly, OFFSET is well below 1 even using the most extreme parameter values. For no 
combination of parameters do we find that the loss in hospital volume offsets even half of ASC volume. It 
therefore appears that only a portion of ASC surgical volume comes from hospitals. The remaining portion 
comes from surgeries previously performed in other outpatient settings or not performed at all. Future research 
should explicitly measure the increase in a market’s surgical volume following ASC entry and also examine the 
extent to which the increase reflects welfare-enhancing procedures as opposed to ASC or hospital inducement. 
 
6. Heterogeneity 

Even if the average effect of ASC entry on a hospital’s outpatient volume is modest, as suggested in Section 5, 
the possibility remains that the effect is more substantial for certain types of ASCs in certain types of markets. 
In this section, we explore potential heterogeneity in the effect based on the size of the ASC and the number of 
ASCs already in the market. 

 
First, we estimate a model that includes three independent variables of interest: the number of ―small‖ ASCs 
(one operating room), the number of ―medium-sized‖ ASCs (two operating rooms), and the number of ―large‖ 
ASCs (three or more operating rooms). We choose these divisions because approximately one-third of the ASCs 
in our sample fall into each of the three categories. The regression equation is 
 

ln(OSit) = β0 + β1 ASC1Sit + β2ASC1Mit + β3ASC1Lit + β4Controlsit + ˛αi + ωt + εit (6) 
 
where ASC1S is the number of small ASCs in the first third of the 75% variable or 11.5 miles fixed radius 
markets, ASC1M is the number of medium-sized ASCs, and ASC1L is the number of large ASCs. 
 
Table 5 reports the results. In both the variable and fixed radius regressions, small ASCs have essentially no 
effect on outpatient volume. The effect of medium-sized ASCs is significant using the variable radius but not 
the fixed radius market definition. The magnitude of the effect is modest in both regressions, as an additional 
medium-sized ASC reduces hospital outpatient volume by about 3% using the variable radius and about 2% 
using the fixed radius. The effect of large ASCs is more substantial: an additional large ASC reduces hospital 
outpatient volume by a statistically significant 7% in both regressions. Therefore, while the average effect of 



ASCs appears to be modest, large ASCs have an effect that is considerably stronger than the average. 
Nonetheless, even the impact of large ASCs is not as devastating as the anecdotal evidence might suggest. 
 
We next examine whether the first ASCs to enter a market have a different effect on outpatient volume than 
later entrants. Later entrants may have a weaker effect because they compete not only with hospitals for patients 
but also with the other ASCs. We estimate a model that includes as variables of interest both the number of 
ASCs in the market and the square of the number of ASCs.21 This allows their marginal effect to change across 
the distribution. Our regression equation is 
 

ln(OSit) = β0 + β1ASC1it + β1ASC   
  + β4Controlsit + αi + ωt + εit   (7) 

 
In Figs. 1 and 2, we plot the marginal effect of ASCs on the log of hospital outpatient output for up to the 99th 
percentile of the ASC1 distribution in the sample. The coefficient estimates are reported at the bottom of the 
figures. Fig. 1 defines markets using 1/3 of the 75% variable radius; the 99th percentile is 18 ASCs. The first 
ASC in the market reduces hospital outpatient volume by about 6%. The marginal effect gradually decreases 
across the distribution, eventually reaching about 2% by the 17th ASC. Fig. 1 uses the 3.83 miles fixed radius 
market definition; the 99th percentile is 14 ASCs. The first ASC reduces volume by about 5%, and the marginal 
effect again gradually decreases across the distribution, eventually reaching about 2%. The evidence therefore 
suggests that if an ASC enters a market with no pre-existing ASCs, its effect on a hospital’s outpatient output is 
likely to be stronger than the average effect reported in Section 5, but still not strong enough to pose a serious 
threat to hospital viability. 
 

    
In unreported regressions, we also combined the two tests for heterogeneity in this section by estimating models 
including the number of small, medium, and large ASCs as well as their squares. These results indicate that if 
the first ASC in a market also happens to be large, the decline in hospital outpatient volume is about 9%. 
 
7. Conclusion 

This paper estimates the impact of ASC entry in a hospital’s market on the hospital’s outpatient and inpatient 
surgical volume. We begin by showing that ASC entry only appears to affect a hospital’s outpatient surgical 
volume if the ASC is within 1/3 of the distance from which hospitals admit 75% of their patients, which is on 
average less than four miles. Even then, the average reduction in volume is a modest 2-4%, which implies that 
hospitals’ lost volume accounts for only a fraction of the procedures performed at the typical ASC. The effect, 
however, is stronger if the entering ASC has three or more operating rooms or is an early entrant into the 
market. The estimated effect on inpatient volume is small and statistically insignificant. In all, the evidence 
suggests that the effect of ASCs on the productivity of hospitals is in most cases non-trivial but far from 



devastating. It seems unlikely that the estimated effects would lead to substantial reductions in the provision of 
uncompensated care, although future research should test this hypothesis more directly. 

 
An understanding of the net effect of ASCs on social welfare is needed to evaluate the appropriateness of 
policies that govern ASCs, such as CON laws. ASCs lead to welfare gains for the physicians who profit from 
them, the patients for whom surgeries are more convenient, and the insurance companies for whom surgeries 
are potentially cheaper. However, ASCs may lead to welfare losses for hospitals, which in turn may lead to 
welfare losses for low-income patients for whom charity care is no longer available. Effects on outcomes and 
utilization should also be considered. ASCs could improve outcomes because of their specialization, or worsen 
outcomes because of limited treatment capability if complications arise. They could also increase the quantity of 
outpatient surgeries performed in ways that are either welfare-enhancing or wasteful. Further research is needed 
to fully understand the complex and multi-faceted effect of ASCs on social welfare. 
 
Appendix A. 

 
 
Notes: 

2 Because of the perceived financial threat, some hospitals have attempted to limit the competition they face 
from ASCs in a number of ways including seeking exclusive contracts with health insurance providers 
(Casalino et al., 2003). 



3 A related literature examines the impact of specialty hospitals on general hospitals. Barro et al. (2006) show 
that markets with specialty hospitals are associated with lower expenditures for cardiac care without significant 
changes in mortality. However, they and Greenwald et al. (2006) find that specialty hospitals treat healthier 
patients than general hospitals. In a study prepared for the AHA, McManis Consulting (2005) found hospitals in 
Wichita and Oklahoma City that shut down community medical education programs because of reductions in 
profits due to competition from specialty hospitals. 
4 We use the end of year POS from 1999 through 2001 and the second quarter POS from 2002 through 2004. 
CMS was not able to provide the end of year POS for the years 2002 through 2004. Additionally, we examine 
services offered to exclude any ASCs that focus exclusively on cosmetic surgery. 
5 We construct measures of ASC presence in the years before 1999 using the entry dates from the 1999 file. We 
therefore have no record of ASCs that existed before 1999. This should not be a major problem since, as 
mentioned earlier, shows that only a small number of ASC’s exit each year. 
6 Garnick et al. (1987) present more detailed explanations of these market definitions. 
7 Wong et al. (2005) explored how using different market definitions impacted the estimated effect of 
competition between hospitals on a hospital’s total operating expenses. Using seven different market 
definitions, they found as a hospital market became more competitive the hospital costs in that market 
decreased, implying that the sign of their estimate did not depend on market definition. 
8 In unreported regressions, we find no evidence that ASCs located beyond these boundaries impact hospitals, 
so it seems unlikely that our markets are too small. 
9 The HHI for each hospital is the sum of the squared market shares of admissions for all of the hospitals in a 
hospital’s market. 
10 For the percentage uninsured variable, we use the U.S. Census Bureau’s Small Area Health Insurance 
estimates. This information is only available in 2000 and 2001, so we use the 2000 estimates for 1997 through 
1999 and the 2001 estimates for 2002 through 2004. 
11 We include only hospitals that perform at least 20 outpatient and inpatient surgeries in each year and have 
outpatient and inpatient department operating margins between —1 and 1. Only hospitals classified in the AHA 
survey as not-for-profit, for-profit, and nonfederal government were included. Also, only hospitals with a 
service code description in the AHA survey of general medical and surgical were included. Finally, since 
Gresenz, Rogowski, and Escarce only constructed the variable radius of a hospital market for those hospitals 
that completed the 1997 AHA survey, we do not include hospitals that entered after 1997. 
12 We define the number of ASCs in a given year as the number of ASCs in operation at the end of the 
preceding year. Results (available upon request) are almost identical using the number of ASCs in operation at 
the end of the current year. 
13 Data limitations prevent us from examining the impact of ASCs on specific hospital outpatient service lines, 
though this presents a fruitful avenue for future research. 
14 The fixed radius sample consists of 2349 hospitals in 327 MSAs, while the variable radius sample consists of 
2243 hospitals in 325 MSAs. 
15 We do not interact each of the year fixed effects with each of the hospital fixed effects, as that would lead to 
perfect collinearity. 
16 We use the Stata module xtivreg2 by Schaffer (2008). 
17 In unreported regressions (available upon request), we also consider a different instrument: a binary variable 
indicating whether CON laws governed ASCs in the state in the preceding year. However, the instrument is 
weak according to the criteria of Staiger and Stock (1997), likely because there were only five changes in state 
CON law status during our sample period. (Alabama passed an ASC CON law in 1998, while Missouri, 
Nebraska, New Jersey, and Ohio repealed their ASC CON laws in 2000,1999,1999, and 1997, respectively.) 
Accordingly, the estimates are too imprecise to be useful, and they are statistically indistinguishable from the 
estimates from the other regressions. 
18 Alternatively, earning income from the facility fee could reduce the number of surgeries physicians perform 
if the income effect dominates the substitution effect. 
19 See McGuire (2000, pp. 503–520) for a review of the literature on physician-induced demand. 
20 Our conclusion is not sensitive to the use of the other specifications or the fixed radius market definition. 
21 Higher-order terms, such as number of ASCs to the third power, are insignificant. 
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Return Hospital Visits and Hospital Readmissions
After Ambulatory Surgery
Gabor Mezei, MD, PhD, and Frances Chung, MD, FRCPC

From the Department of Anaesthesia, Toronto Western Hospital, University of Toronto, Toronto, Ontario, Canada

Objective
To determine the overall and complication-related readmis-
sion rates within 30 days after ambulatory surgery at a major
ambulatory surgical center.

Summary Background Data
Currently in North America, 65% of the surgical procedures
are carried out in ambulatory settings. The safety of ambula-
tory surgery is well documented, with low rates of adverse
events during or immediately after surgery. The conse-
quences of ambulatory surgery during an extended period,
however, have not been studied extensively.

Methods
Preoperative, intraoperative, and postoperative data were col-
lected on 17,638 consecutive patients undergoing ambulatory
surgery at a major ambulatory surgical center in Toronto, On-
tario. With the use of the database of the Ontario Ministry of
Health, the authors identified all return hospital visits and hos-
pital readmissions occurring in Ontario within 30 days after
the ambulatory surgery. Return visits were categorized as
emergency room visits, ambulatory surgical unit admissions,
or inpatient admissions. The readmissions were categorized

as those resulting from surgical, medical, or anesthesia-re-
lated complications or those not related to the ambulatory
surgery.

Results
One hundred ninety-three readmissions occurred within 30
days after ambulatory surgery (readmission rate 1.1%). Six
patients returned to the emergency room, 178 patients were
readmitted to the ambulatory surgical unit, and 9 patients
were readmitted as inpatients. Twenty-five readmissions were
the result of surgical complications, and one resulted from a
medical complication (pulmonary embolism). The complica-
tion-related readmission rate was 0.15% (1 in 678 proce-
dures). The complication rate was significantly higher among
patients undergoing transurethral resection of bladder tumor
(5.7%). No anesthesia-related readmissions or deaths were
identified.

Conclusions
The rate of complication-related readmissions was extremely
low (0.15%). This result further supports the view that ambu-
latory surgery is a safe practice.

The popularity of ambulatory surgery is continuously
increasing because of cost saving and convenience. The low
rate of adverse events or complications during the intraop-
erative or immediate postoperative periods further justifies
the rapid growth of ambulatory surgery.1–3 Most of the
published literature, however, reflects the results of obser-
vations during the patients’ stay in the ambulatory surgical
unit (ASU) or within 48 to 72 hours after discharge.2,4–7 To
assess the overall safety of ambulatory surgery and its

burden on health care, it is essential to extend the follow-up
and observation of ambulatory surgical patients for a longer
period, because surgery-related complications might occur
more than 48 to 72 hours after surgery.

Only a limited number of published studies include large
study populations and focus on ambulatory surgical patients
after discharge during an extended observation period. In
studies involving large patient populations, Natof1 reported
major complications within 2 weeks, and Warner et al8

reported major complications and deaths within 1 month of
ambulatory surgery. These studies were outcome surveys
primarily based on mail-in questionnaires, phone inter-
views, and reviews of medical records identifying only
major adverse events and deaths. Readmissions were not
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studied. Twersky et al9 reported return hospital visits within
30 days of ambulatory surgery. However, because their
study identified return visits occurring only in the same
hospital, readmissions may have been missed if patients
went to another hospital. Henderson et al,10 using record
linkage, reported emergency readmission rates within 28
days after day surgery; however, they did not determine
whether the readmissions were related to the prior ambula-
tory surgery.10 There are no available published results on
complication-specific readmission rates in a large study
population within an extended observation period after am-
bulatory surgery.

The objective of our study was to determine, by linking a
large outpatient database at a major teaching hospital in
Toronto to the database of the Ministry of Health in Ontario,
how frequently ambulatory surgical patients required med-
ical care in a hospital after their ambulatory surgery as a
result of complications. We aimed to identify all hospital
visits and admissions within 30 days after ambulatory sur-
gery, whether they occurred in the same hospital or in a
different health care facility.

METHODS

A total of 17,638 consecutive ambulatory surgical pa-
tients were enrolled into a prospective study during a 3-year
period at the Toronto Western Hospital. The hospital’s
ethics committee approved the study. Because there was no
alteration from standard patient care, no written consent was
required from the patients.

Preoperative, intraoperative, and postoperative data were
collected on each patient, using standardized information
sheets. The patients’ age, sex, American Society of Anes-
thesiology (ASA) physical status,11 medical history, type
and duration of surgery, type of anesthesia, physiologic
variables, and medications given were recorded by the at-
tending anesthesiologists on specifically designed standard-
ized anesthesia records. The occurrence of intraoperative
adverse events, such as cardiovascular, respiratory, intuba-
tion-related, fluid and metabolic, neurologic, and miscella-
neous events, was also recorded on standardized intraoper-
ative event sheets by the anesthesiologists.

The occurrence of postoperative adverse events, such as
cardiovascular, respiratory, fluid, renal, metabolic, and neu-
rologic events, excessive pain, bleeding, nausea and vom-
iting, dizziness, drowsiness, and miscellaneous events, in
the postanesthesia care unit and the ASU was recorded on
standardized event sheets by trained nursing staff.

Patients were discharged when they achieved a score of 9
or 10 on the Postanesthesia Discharge Scoring System.12

Patient records and event sheets were systematically re-
viewed and checked for completeness and consistency on
the next day by a research assistant and an experienced
anesthesiologist.

After the completion of data entry, hospital visits and
admissions within 30 days of the patients’ ambulatory sur-

gery were identified by using the Canadian Institute of
Health Information inpatient and outpatient databases at the
Ontario Ministry of Health. Patients were identified by their
unique provincial health identification number. In Canada,
the provincial governments are responsible for financing
health care, including hospital and physician fees. To qual-
ify for reimbursement for the provided care in Ontario, each
patient’s hospital visit or admission in the province must be
reported to the Ontario Ministry of Health. Therefore, the
use of these databases enabled us to identify all hospital
visits and admissions of our patients occurring anywhere in
Ontario. The information retrieved by the Ministry of
Health contained the date of the visit or admission; the date
of discharge; whether the patient was discharged alive; the
admission category, such as elective, urgent, or emergency;
the location and type of health care facility (inpatient or
outpatient); the patient’s diagnoses, coded according to the
International Classification of Diseases, 9th revision; and
the procedures completed on the patient during the patient’s
stay, coded according to the Canadian Classification of
Diagnostic, Therapeutic and Surgical Procedures.

Based on the diagnoses and procedures in the Canadian
Institute of Health Information files and our original patient
files, we categorized the return hospital visits and admis-
sions as emergency room (ER) visits, ASU admissions, or
inpatient admissions. ER visits were further categorized as
visits related to the previous ambulatory surgery (e.g.,
bleeding, fever, pain, urinary retention) or visits unrelated to
the previous ambulatory surgery. ASU and inpatient admis-
sions were categorized as:

● Admissions resulting from surgical (e.g., bleeding, fe-
ver), medical (e.g., cardiovascular or pulmonary
events), or anesthesia-related complications (e.g., nau-
sea, vomiting) related to the previous ambulatory sur-
gery

● Admissions related to the previous ambulatory surgery
but not resulting from complications (e.g., stent re-
moval after ureteral stent insertion)

● Admissions unrelated to the previous ambulatory sur-
gery.

Rates of return hospital visits and admissions (readmis-
sion rates) due to complications or due to any reason are
reported. Relative risks and 95% confidence intervals were
calculated where appropriate. A p value �0.05 was consid-
ered significant. Because of the small number of events,
multivariable analyses to identify independent risk factors
for readmissions were not attempted.

RESULTS

Over a 3-year period, 17,638 patients underwent ambu-
latory surgery at the ASU of the Toronto Western Hospital
(Tables 1, 2, and 3). Of those patients, 193 (1.1%) returned
to the hospital within 30 days after their ambulatory surgery
(Table 4). One hundred eighteen readmissions (61%) oc-
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curred in the same hospital and 75 readmissions (39%)
occurred at other institutions in the province. Of the 193
readmissions, 26 (13%) occurred as a result of complica-
tions (25 surgical and 1 medical), 38 (20%) were related to
the previous ambulatory surgery but were not complica-
tions, and 129 (67%) were unrelated to the previous ambu-
latory surgery. Six patients (3%) returned to the ER, 178
(92%) were readmitted to the ASU, and 9 (5%) were read-
mitted as inpatients.

The complication-related readmission rate was 0.15%, or
one complication in 678 procedures. No anesthesia-related
complications or deaths were identified. Surgical or medical

complications necessitating readmission followed nine
types of surgical procedures (Table 5). Although the ob-
served numbers were small, the surgical complication rate
after transurethral resection of bladder tumor (TURBT;
5.7%) was significantly higher than that after other proce-
dures. Complication-related readmissions also occurred af-
ter breast augmentation, breast biopsy, cystoscopy, Bartho-
lin’s cyst removal, dilatation and curettage for abortion,
cornea and cataract surgery, and knee arthroscopy. The
calculated rates for these procedures were not statistically
different from the 0.15% overall complication-related read-
mission rate.

Of the 26 patients with return visits due to surgical or
medical complications, 23 were treated in the same hospital
and 3 at other institutions. Twelve of the 26 patients re-
turned within the first 7 postoperative days. The patients
with complications were older on the average (52 � 20
years) and were more likely to have a higher ASA physical

Table 1. PATIENT CHARACTERISTICS
(n � 17368)

Age (years) 47 � 21 (range 11–98)
Sex

Female 11,826 (67.0%)
Male 5,812 (33.0%)

ASA Status
I 9,194 (52.1%)
II 7,301 (41.4%)
III 1,143 (6.5%)

Preexisting Medical Conditions
Hypertension 2,441 (13.8%)
Angina pectoris 751 (4.3%)
Myocardial infarction 449 (2.5%)
Dysrhythmia 471 (2.7%)
Valvular heart disease 302 (1.7%)
Congestive heart failure 144 (0.8%)
Smoking 2,508 (14.2%)
Asthma 1,003 (5.7%)
Chronic obstructive pulmonary

disease
383 (2.2%)

Upper respiratory tract infection 95 (0.5%)
GE reflex 644 (3.7%)
Renal disease 204 (1.2%)
Diabetes mellitus 921 (5.2%)
Thyroid disease 790 (4.5%)
Obesity 2,799 (15.9%)
Arthritis 1,148 (6.5%)
Cerebrovascular accident or

transient ischemic attack
234 (1.3%)

Seizure 118 (0.7%)
Peptic ulcer 139 (0.8%)
Hepatitis 138 (0.8%)
Sickle cell trait 92 (0.5%)
Substance abuse 88 (0.5%)
Anemia 46 (0.3%)
HIV-positive 17 (0.1%)

Table 2. TYPE OF ANESTHESIA

Type No. (%)

General anesthesia 10,110 (57.3)
Monitored anesthesia care 6,301 (35.7)
Local 586 (3.3)
Regional 484 (2.7)
Chronic pain block 157 (0.9)

Table 3. TYPE OF SURGERY

Number (%)

Ophthalmology 6372 (36.1)
Cataract 4700 (26.6)
Strabismus 423 (2.4)
Cornea 423 (2.4)
Trabeculectomy 312 (1.8)
Other 514 (2.9)

Gynecology 5959 (33.8)
D&C 4948 (28.1)
Laparoscopy 740 (4.2)
Hysteroscopy 221 (1.3)
Biopsy/repair 50 (0.3)

Orthopedics 3179 (18.0)
Knee 1898 (10.8)
Shoulder 411 (2.3)
Hand, wrist 263 (1.5)
Ankle 220 (1.2)
Hardware removal 207 (1.2)
Hip and other 92 (0.5)
Elbow 88 (0.5)

Plastic Surgery 633 (3.6)
Hand 343 (1.9)
Skin and other 153 (0.9)
Face 96 (0.5)
Breast augmentation 41 (0.2)

Neurosurgery 484 (2.7)
Carpal tunnel 313 (1.8)
Nerve decompression, repair 171 (1.0)

General Surgery 398 (2.3)
Breast 221 (1.3)
Other 177 (1.0)

Urology 232 (1.3)
Bladder/prostate/kidney 174 (1.0)
Testicle/scrotum 29 (0.2)
Circumcision 29 (0.2)

ENT/Dental 224 (1.3)
ENT 208 (1.2)
Dental 16 (0.1)

Chronic Pain Block 157 (0.9)
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status (31%, 58%, and 12% of the patients with complica-
tions were in ASA class I, II, and III, respectively) than
patients without complications.

Four of the 26 patients with complications were seen in
the ER (Table 6). Three patients returned on the day after
surgery: two because of urinary retention after urologic
procedures (TURBT and cystoscopy), both requiring cath-
eter insertion, and one because of pain after cataract sur-
gery, requiring no immediate treatment. One patient re-
turned to the ER 4 days after breast biopsy because of fever
and wound dehiscence and was given antibiotics as treat-
ment.

Of the 18 patients readmitted to the ASU because of
surgical complications, 11 had undergone ophthalmologic
surgery. They were readmitted for repair of iris prolapse,
repositioning or exchange of dislocated lens implant after
cataract surgery, division of anterior synechiae after corneal
graft, or secondary corneal graft for leaking corneal wound
after corneal implant (Table 7). Two patients returned for
repeated abortion because no fetal tissue was removed at the
original procedure, and two patients returned as a result of
bleeding after abortion. Two patients returned after
TURBT: one for stricture requiring catheter insertion and
one for hematuria, which required cystoscopy to identify the
source of bleeding. One patient returned because of a de-
flated breast implant after breast augmentation; the implant
was replaced.

Four patients were admitted as inpatients because of
complications within 30 days after their ambulatory surgery
(Table 8). One patient was admitted as a result of wound
infection and fever 3 days after Bartholin’s cyst removal;
antibiotics were given, and the patient was discharged the
next day. Two patients were admitted because of extensive
bleeding 6 and 17 days after dilatation and curettage for

abortion; both patients were discharged after 2 days after
volume replacement. A 44-year-old patient was admitted
because of pulmonary embolism 20 days after knee arthro-
scopy; the patient was given anticoagulation therapy and
discharged after 8 days.

One hundred sixty-seven of the 193 readmissions were
not related to complications: 2 were ER visits, 160 were
ASU admissions, and 5 were inpatient admissions. The two
ER visits were not related to the original surgery and oc-
curred in different hospitals (knee injury and lumbago).
Thirty-seven of the non-complication-related ASU readmis-
sions were for additional procedures, which were related to
the original procedures but were not complications of them
(e.g., ultrasound fragmentation of stone after cystoscopy,
stent removal after ureteral stent insertion, knee ligament
repair after arthroscopy). The remaining 123 ASU proce-
dures were scheduled elective procedures unrelated to the
original ambulatory procedures. Of the five inpatient admis-
sions, one was related to but was not a complication of the
previous ambulatory procedure: nephrolithotomy was car-
ried out, requiring a 5-day stay 29 days after the ambulatory
cystoscopy. The other inpatient admissions were unrelated
to the original ambulatory surgery: two were for repeated
pain block for patients with chronic pain; one was for a
patient with kidney cancer who had undergone ambulatory
cataract removal; and one was a 1-day admission because of
syncope, which occurred 23 days after cataract surgery in an
86-year-old patient.

Table 5. PROCEDURE-SPECIFIC RATES
OF READMISSION DUE TO

COMPLICATIONS

Procedure (no.)

No. of
Readmissions for

Complications
(%)

Relative Risk
(95% CI) p Value

TURBT (53) 3 (5.7)* 43 (13–140) �0.0001
Breast augmentation

(41)
1 (2.4) 17 (0.9–172) 0.06

Bartholin’s cyst
removal, excision/
repair (50)

1 (2.0) 14 (0.9–112) 0.07

Cystoscopy (66) 1 (1.5) 11 (0.7–93) 0.1
Cornea (423) 2 (0.5) 3.4 (0.8–14) 0.1
Breast surgery,

general (221)
1 (0.5) 3.2 (0.4–23) 0.3

Cataract (4700) 10 (0.2) 1.7 (0.8–3.8) 0.2
D&C for abortion

(4658)
6 (0.1) 0.8 (0.3–2.1) 0.7

Knee surgery (1881) 1 (0.05) 0.3 (0.1–2.5) 0.5

Relative risks are computed as comparison to all other types of procedures.
D&C, dilatation and curettage; TURBT, transurethral resection of bladder tumor.
* Significantly higher than in other procedures.

Table 4. HOSPITAL VISITS AND
ADMISSIONS WITHIN 30 DAYS OF

AMBULATORY SURGERY

Hospital Visits and
Admissions Same Hospital Other Institutions

Total 118 75
ER

Related—surgical Cx 4 0
Not related 0 2

ASU
Related—surgical Cx 16 2
Related—not Cx 30 7
Not related 62 61

Inpatient
Related—surgical Cx 3 0
Related—medical Cx 0 1
Related—not Cx 1 0
Not related 2 2

Cx, complication; ER, emergency room; ASU, ambulatory surgical unit.
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DISCUSSION

We observed extremely low readmission rates after am-
bulatory surgery: 1.1% of the patients were readmitted, and
only 0.15% of the patients were readmitted as a result of
complications within 30 days after ambulatory surgery.
These rates are lower than previously published rates.
Natof1 reported 106 major complications among 13,433
ambulatory surgical patients, a complication rate of 0.79%,
within 2 weeks after their ambulatory surgery. Warner et al8

found that 33 of 38,598 patients undergoing ambulatory
surgery (i.e., 0.09% of the patients) had major complica-
tions or died within 1 month after their ambulatory proce-
dures. Heino et al13 reported that 11.7% of their 500 am-
bulatory surgical patients visited a doctor within 1 month of
their surgery, and 4.3% of them had wound problems. None
of the above studies, however, reported what percentage of
patients needed hospital admission. Henderson et al10 iden-
tified emergency readmission rates of 0% to 2.3% within 28
days after ambulatory surgery. The frequency of readmis-
sions depended on the type of surgery; however, the per-
centage of readmissions related to the previous ambulatory
surgery was not specified. Our study showed that many
readmissions were not related to the previous ambulatory
surgery. Studies including smaller numbers of patients un-
dergoing various surgical procedures also showed various
rates (0.9% to 3.6%) of return hospital visits.14–16

Twersky et al9 found that 187 return hospital visits
(3.0%) occurred among 6243 ambulatory surgical patients
within 30 days after their surgery. Eighty-two of those
admissions resulted from surgical complications, a compli-
cation-related readmission rate of 1.3%. The authors may
have underestimated their readmission rate, however, be-
cause they studied returns only to the same hospital. Even
so, their overall readmission rate was threefold higher and
their complication-related readmission rate was ninefold
higher than the corresponding rates in our study. These
differences between the studies could be explained by re-
gional differences in the quality of surgical care, differences
in the surgeons’ attitude and judgment in the two regions
about whether certain complications could be treated ade-
quately in an office setting, or significant differences in the

patient populations and the types of completed surgical
procedures. The major difference in readmission rates be-
tween the facilities in these two studies indicates the need
for every ambulatory surgical facility to study its own
readmission rates due to surgical, medical, and anesthesia-
related complications.

The fact that we did not find any deaths is comparable to
the previously reported findings. Among the studies cited
above, only Warner et al,8 who had the largest patient
population, reported deaths, and even their reported death
rate was very low—4 in 38,598. The occurrence of only one
medical complication (pulmonary embolism) in our study is
also similar to previously published results.8,9 The study by
Warner et al asked whether the medical complications were
just untimely events or the procedures and anesthetics were
contributory. The complications occurred less often than
would have been expected in the general population. This
may result from the fact that patients scheduled for elective
surgical procedures are usually healthier than the general
population.

The absence of anesthesia-related readmissions in our
patient population is also congruent with previously re-
ported findings. The use of currently available anesthetics
and anesthesia techniques results in a very low rate of
adverse events, mostly nausea and vomiting. These adverse
symptoms generally occur immediately or shortly after the
end of the procedure, usually during the patients’ stay in the
postanesthesia care unit or ASU, and may lead to unantic-

Table 7. COMPLICATIONS REQUIRING
READMISSION TO ASU

Complication Number

Dislocated lens 6
Iris prolapse 3
Bleeding, hematuria 3
No fetal tissue 2
Leaking corneal wound after cornea graft 1
Anterior synechiae after cornea graft 1
Urethral stricture 1
Deflated breast implant 1

Table 6. CHARACTERISTICS OF PATIENTS RETURNING TO THE ER WITH
COMPLICATIONS

Ambulatory
Surgery Complication and Treatment Postop. Day Age (yr) Sex ASA

Cataract removal Pain, referral 1 54 M 2
TURBT Urinary retention, catheter insertion 1 70 M 2
Cystoscopy Urinary retention, catheter insertion 1 33 F 2
Breast biopsy Fever, wound dehiscence, antibiotics given 4 40 F 1

ASA, American Society of Anesthesiology classification; POD, postoperative day at emergency room visit; TURBT, transurethral resection of bladder tumor.
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ipated admission.17 Once these patients are discharged
home, anesthesia-related symptoms do not cause readmis-
sion.

One type of procedure showed a higher-than-expected
rate of hospital visits and readmissions. Of the 53 patients
with TURBT, 3 returned to the hospital (5.7%). Twersky et
al9 showed a similar incidence among their urologic pa-
tients. This high return rate may be inherent among urologic
patients, because they are at higher risk for multiple com-
plications, such as hematuria, urinary retention, and infec-
tion. The relatively high return rate (1 in 41) after breast
augmentation is also consistent with other published com-
plication rates. Readmissions after breast augmentation re-
sult mainly from implant failure.18

The low return rate after cataract extraction and other
types of eye surgery is also compatible with previously
published rates.19 These procedures are relatively short in
duration (�1 hour); they are usually completed under mon-
itored anesthesia care, resulting in a low rate of anesthesia-
related symptoms; and they are usually less painful proce-
dures, causing postoperative discomfort for only a limited
time.

Compared with a previous report,9 we found a surpris-
ingly low readmission rate (0.1%) among patients undergo-
ing dilatation and curettage for abortion. Similarly, the
return rate due to infection and bleeding was extremely low
among our patients. These differences could be the result of
different techniques used by surgeons or a difference in the
skills of surgeons.

The use of province-wide databases by the Ontario Min-
istry of Health ensures that all hospital readmissions were
included in our study and makes it highly unlikely that any
readmission of our patients was missed. The likelihood that
a patient was admitted to a hospital outside Ontario is
minimal but not impossible. It is also remarkable that 23 of
the 26 complication-related readmissions (88%) occurred in
the same hospital as the ambulatory surgery; therefore,
using only the same hospital’s records may result in only a
moderate underestimation of complication-related readmis-

sion rates. However, the magnitude of this underestimation
depends largely on the availability of similar surgical facil-
ities in the same region.

In conclusion, our results give further support to the view
that ambulatory surgery is a safe practice. We found an
extremely low rate (0.15%) of complication-related hospital
visits and readmissions within 30 days after ambulatory
surgery. Only urologic patients undergoing TURBT had a
significantly higher rate of complications (5.7%). The num-
ber and variety of surgical procedures performed in an
ambulatory setting are continuously increasing; therefore, it
is necessary to evaluate readmission rates after discharge for
these procedures. These readmission rates may be useful as
benchmarks for comparison against outcome reports in
other surgical facilities.
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By Elizabeth L. Munnich and Stephen T. Parente

Procedures Take Less Time At
Ambulatory Surgery Centers,
Keeping Costs Down And Ability
To Meet Demand Up

ABSTRACT During the past thirty years outpatient surgery has become an
increasingly important part of medical care in the United States. The
number of outpatient procedures has risen dramatically since 1981, and
the majority of surgeries performed in the United States now take place
in outpatient settings. Using data on procedure length, we show that
ambulatory surgery centers (ASCs) provide a lower-cost alternative to
hospitals as venues for outpatient surgeries. On average, procedures
performed in ASCs take 31.8 fewer minutes than those performed in
hospitals—a 25 percent difference relative to the mean procedure time.
Given the rapid growth in the number of surgeries performed in ASCs in
recent years, our findings suggest that ASCs provide an efficient way to
meet future growth in demand for outpatient surgeries and can help
fulfill the Affordable Care Act’s goals of reducing costs while improving
the quality of health care delivery.

T
echnological developments inmed-
icine have dramatically changed
the provision of surgical care in
the United States during the past
thirty years.Advances in anesthesia

and the development of laparoscopic surgery in
the 1980s and 1990smade it possible for patients
to be discharged the same day as their surgery,
whereas previously theywouldhavehad to spend
several days in the hospital recovering.1,2 The
introduction of the Medicare inpatient prospec-
tive payment system in 1983 created additional
incentives for hospitals to shift patient care from
inpatient to outpatient departments.3

Between 1981 and 2005 the number of out-
patient surgeries nationwide—performed either
in hospital outpatient departments or in free-
standing ambulatory surgery centers (ASCs)—
grew almost tenfold, from 3.7 million to over
32.0million.Outpatientprocedures represented
over 60 percent of all surgeries in the United
States in 2011, up from 19 percent in 1981.4

The expansion of health insurance coverage

under the Affordable Care Act (ACA) presents
opportunities to explore new ways to accommo-
date the increased demand for outpatient ser-
vices. In addition, the ACA’s goals of reducing
the cost and improving the quality of health care
delivery makes it increasingly important to find
alternatives to existing methods of care delivery
that cost less and are in more flexible settings.
ASCs are such an alternative to hospital out-

patient departments. The number of ASCs has
grown quickly to meet the rising demand for
outpatient surgery services since the 1980s.5

Whereas outpatient departmentsprovide a range
of complex services, including inpatient and
emergency services, ASCs provide outpatient
surgery exclusively. Since most ASCs focus on
a limited number of services, they may provide
higher-quality care at a lower cost than hospitals
that offer a broad range of services.6 Similar to
retail clinics that meet primary care needs, ASCs
offer convenient, relatively low-cost access to
health care services.7

This article addresses thepossibilities forASCs
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to generate substantial cost savings inoutpatient
surgery by presenting new evidence on the cost
advantages of these centers relative to hospital
outpatient departments. This is particularly im-
portant in light of the anticipated growth in de-
mand for outpatient surgeries, in part as a result
of the ACA.

Background On Ambulatory Surgery
Centers
The number of outpatient surgeries has grown
considerably in the United States since the early
1980s. Outpatient surgery volume across both
hospital-based and freestanding facilities grew
by 64percent between 1996 and2006, according
to the National Survey of Ambulatory Surgery.8

Physicians receive the same payment for an
outpatient procedure, regardless of whether it
occurred in an ASC or a hospital. However, pay-
ments to facilities differ between settings. In
general, reimbursements for outpatient proce-
dures in hospitals are higher than those for pro-
cedures in ASCs, to account for the fact that
compared to ASCs, hospitals must meet addi-
tional regulatory requirements and treat pa-
tients whose medical conditions are more com-
plex.9 However, there is little evidence about the
extent of cost advantages of ASCs, since these
facilities have not historically reported cost or
volume data. In spite of the limited availability of
information about ASC costs, the Centers for
Medicare and Medicaid Services has adjusted
the relative facility payments over time to reflect
speculative cost differentials across the two types
of outpatient surgery facilities.10

Changes in reimbursement levels for out-
patient procedures have likely contributed to
fluctuations in the number of ASCs in recent
years. In 2000Medicare’s traditional cost-based
reimbursement system for outpatient care in
hospitals was replaced with the outpatient pro-
spective payment system,which reimburses hos-
pitals on a predetermined basis for what the ser-
vice provided is expected to cost.
Noting the dramatic growth in outpatient sur-

geries performed in ASCs relative to hospitals
around the same time, the Centers for Medicare
and Medicaid Services subsequently made ef-
forts to reduce ASCs’ payments. The Medicare
Prescription Drug, Improvement, and Moderni-
zation Act of 2003 froze ASCs’ payment updates,
and between 2008 and 2012Medicare phased in
a new system for ASCs’ payments based on the
outpatient prospective payment system.9,11 The
rates were set so that for any outpatient proce-
dure, payments to ASCs would be no more than
59 percent of payments made to hospitals,
phased in fully by 2012. This policy change re-

duced incentives to treat patients in ASCs, which
may have contributed to slower growth in this
sector in recent years (Exhibit 1).
In spite of reduced incentives for treating pa-

tients outside of hospitals, growth in outpatient
volume was greater in ASCs than in hospitals
during the period 2007–11. For example, volume
among Medicare beneficiaries grew by 23.7 per-
cent inASCs, compared to 4.3percent inhospital
outpatient departments (Exhibit 2). This sug-
gests that physicians and patients still increas-
ingly prefer outpatient surgery in ASCs to that in
hospitals, because of either perceived advan-
tages in cost and quality or resource constraints
that inhibit hospitals’ ability tomeet the growing
demand for outpatient surgeries.
ASCs have been praised for their potential to

provide less expensive, faster services for low-
risk procedures and more convenient locations
for patients and physicians, compared to out-
patient departments.11–14 However, if hospitals
are better equipped to treat high-risk patients,
treating higher-risk patients in ASCs could have
negative consequences for patient outcomes.
There is little evidence about the quality of care

provided in ASCs or their ability to function as
substitutes for hospitals in providing outpatient
surgery. Comparisons of outcomes between
these two types of outpatient facilities are com-
plicated by the fact that ASCs tend to treat a
healthier mix of patients than hospitals do.
Thus, any differences in observed outcomes be-
tween the two settings could reflect differences
in underlying patient health instead of differenc-
es in quality of care.
Elsewhere, we used variations in ASC use gen-

erated by changes in Medicare reimbursements
to outpatient facilities to show that patients
treated in ASCs fare better than those treated
in hospitals.15 In particular, we considered the
likelihood that patients undergoing one of the
five highest-volume outpatient procedures16 vis-
ited an emergency department or were admitted
to the hospital after surgery. These outcomes
have been used in the medical literature as prox-
ies for quality in outpatient surgical care.17,18

Thesemeasures arealso interesting fromapolicy
perspective: As of October 2012, as part of the
Ambulatory Surgical Center Quality Reporting
Program,19 ASCs are required to report transfers
of patients directly from the ASC to a hospital
and hospital admissions of ASC patients upon
discharge from the facility.
Our findings indicate that the highest-risk

Medicare patients were less likely than other
high-risk Medicare patients to visit an emergen-
cy department or be admitted to a hospital fol-
lowing an outpatient surgery when they were
treated in an ASC, even among similar patients
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undergoing the same procedure who were
treated by the same physician in an ASC and a
hospital. These results indicate that ASCs pro-
vide high-quality care, even for the most vulner-
able patients.
In this article we examine the question of

whether or not ASCs are less costly than hospital
outpatientdepartments.Theanswer to thisques-
tion is not straightforward, since little is known
about surgery cost and volume in ASCs. The of-
ten-cited cost differential between ASCs and out-
patient departments is frequently attributed to
differences in reimbursement rates for the two
types of facilities,which reflect hospitals’ greater
complexity of patients and procedures. But for
an average patient undergoing a high-volume
procedure, are ASCsmore efficient than hospital
outpatient departments?

Study Data And Methods
Our analysis incorporated one important aspect
of cost in the outpatient surgery setting: the time
it takes to perform procedures in ASCs and hos-
pital outpatient departments. For data on that
time,we used theNational Survey of Ambulatory

Surgery. This survey of outpatient surgery in
hospitals and freestanding surgery centers in
the United States was conducted by the Centers
for Disease Control and Prevention from 1994 to
1996 and in 2006.
The 2006 data include patients’ diagnoses, de-

mographic characteristics, and surgical proce-
dures, as well as information about length of
surgery and recovery for 52,000 visits at 437
facilities. There are four length-of-surgery mea-
sures: time in the operating room; time in sur-
gery (a subset of time in the operating room);
time in postoperative care; and total procedure
time (time in the operating room, time in post-
operative care, and transport time between the
operating room and the recovery room).
Previous research has documented differences

in surgery time between ASCs and hospital out-
patient departments.12,20 However, observed dif-
ferences in procedure time may reflect underly-
ing differences in patients’ characteristics,
instead of differences in efficiency between the
two types of facilities. To address this concern,
we estimated the relationship between outpa-
tient setting and procedure time, controlling
for a patient’s primary procedure, number of
procedures, and characteristics such as underly-
ing health and demographics.21

Study Results
It is the nature of outpatient procedures that the
patient spendsmost of his or her time in a surgi-
cal facility preparing for and recovering from
surgery, not actually undergoing the surgery
(Exhibit 3). This suggests that organization,
staffing, and specialization may play a large role
in the cost differences between ASCs and hospi-
tal outpatient departments.
Ourestimatesof the time savings forASC treat-

ment suggest that ASCs are substantially faster
than hospitals at performing outpatient proce-
dures, after procedure type and observed patient
characteristics are controlled for (Exhibit 4). On
average, patientswhowere treated inASCs spent
31.8 fewer minutes undergoing procedures than
patients who were treated in hospitals—a differ-
enceof 25percent relative to themeanprocedure
timeof 125minutes (Exhibit 3). Thus, for anASC
and a hospital outpatient department that have
the same number of staff and of operating and
recovery rooms, the ASC can perform more pro-
cedures per day than the hospital can.
Weestimated the cost savings for anoutpatient

procedure performed in an ASC using the results
presented above and estimates of the cost of op-
erating room time. Estimated charges for this
time are $29–$80 per minute, not including fees
for the surgeon and anesthesia provider.22 Our

Exhibit 1

Number Of Medicare-Certified Ambulatory Surgery Centers (ASCs), 1996–2013

N
um

be
r o
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s

SOURCE Kay Tucker, director of communications, Ambulatory Surgery Center Association, Octo-
ber 29, 2013.

Exhibit 2

Number Of Outpatient Surgery Visits, By Facility Type, 2007 And 2011

Type 2007 2011 Change (%)

Ambulatory surgery center 373,284 461,718 23.7
Freestanding 260,466 344,292 32.2
Hospital-based 112,818 117,426 4.1

Hospital outpatient department 1,173,309 1,224,218 4.3

All types 1,546,593 1,685,936 9.0

SOURCE Authors’ analysis of a 5 percent sample of Medicare claims data. NOTE The numbers of
outpatient department visits include only those that involved at least one surgical procedure.
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calculation suggests that even excluding physi-
cian payments and time savings outside of the
operating room, ASCs could generate savings of
$363–$1,000 per outpatient case.
These results support the claim that ASCs pro-

vide outpatient surgery at lower costs than hos-
pitals. However, they provide little information
about what is driving these cost differences.
Terrence Trentman and coauthors discuss sev-

eral factors that affect patient flow and could
result indifferences inpreoperative and recovery
times for outpatient procedures between inASCs
and hospitals.20 For example, compared to the
situation inhospitals, inASCs surgeons aremore
likely to be assigned to a single operating room
for all cases, which reduces delays; the operating
room is often closer to the preoperative and re-
covery rooms, because facilities are smaller;
teams of staff have clearer and more consistent
roles, with less personnel turnover; and staffing
is not done by shifts—that is, staff members go
home only after all cases are finished, which
creates incentives to work quickly. In addition,
hospitals may be more likely to have emergency
add-on and bring-back cases for more complex
cases that compete with outpatient procedures
for operating room time.
These differences suggest that hospitals would

have to adopt a substantially different andhighly
specialized organizational model to achieve the
same efficiencies as ASCs.

Discussion
The findings presented here provide evidence
thatASCsarea lower-cost alternative tohospitals
for outpatient surgical procedures. The tremen-
dous growth in the number of ASCs since the
1980s suggests that these facilities are quite flex-
ible in meeting the growing demand for outpa-
tient services. This is not surprising, given that
ASCs have a smaller footprint than hospitals,
which makes them less costly to build—particu-
larly in urban environments, where available
land may be scarce or difficult to acquire.
The Congressional Budget Office projects that

as a result of the ACA, an additional twenty-five
million people will have health insurance by
2016.23 The question of whether the current sup-
ply of health care providerswill be able to accom-
modate the anticipated surge in demand for ser-
vices resulting from the ACA has received a
considerable amount of attention.24

To get a sense of the magnitude of the antici-
pated growth in the outpatient surgery market
following the ACA, we used a microsimulation
model to project hospital outpatient surgical vol-
ume through 2021 (for details about the model,
see the online Appendix).25 Our estimates indi-

cated that outpatient surgical volume in hospi-
tals alone will increase by 8–16 percent annually
between 2014 and 2021, compared to annual

Exhibit 3

Average Outpatient Surgical Procedure Time, By Facility Type, 2006

Nonsurgery
OR

Surgery
Ti

m
e 

(m
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ut
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)

ASCs        HOPDs        Both

Postoperative Total

SOURCE Authors’ analysis of data from the 2006 National Survey of Ambulatory Surgery. NOTES Es-
timates were weighted using sample weights. ASC is ambulatory surgery center. HOPD is hospital
outpatient department. “Both” is both types of facilities. OR is operating room. “Total” is total pro-
cedure time, from entering the operating room to leaving postoperative care, as described in the text.

Exhibit 4

Estimated Time Savings for Ambulatory Surgery Centers (ASCs) Relative to Hospital
Outpatient Departments

Nonsurgery
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Surgery
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Postoperative Total

SOURCE Authors’ analysis of data from the 2006 National Survey of Ambulatory Surgery. NOTES Es-
timates and standard error bars represent results from separate ordinary least squares regressions
of nonsurgical time in the operating room, surgery time, postoperative recovery time, and total time
on an indicator for treatment in an ASC. (Total time is total procedure time, from entering the oper-
ating room to leaving postoperative care, as described in the text.) All regressions controlled for
primary procedure, total number of procedures, patient’s risk score, age, sex, disability status, type
of insurance, and an indicator for whether the facility was located in a Metropolitan Statistical Area.
The full specifications for these regressions are available in the online Appendix (see Note 25 in
text). Data were balanced across surgery and postoperative time components; the final sample in-
cluded 34,467 observations. Estimates were weighted using sample weights. Standard errors were
clustered at the facility level. All estimates are significant (p < 0:01). OR is operating room.
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growth rates of 1–3 percent in the previous
ten years.
We did not have adequate data on surgical

volume in ASCs to produce an equally precise
estimate for the projected demand in this sector
attributable to the ACA. However, our results
indicate substantial growth even in hospital out-
patient surgical volume,whichhas beengrowing
at a much slower rate than ASC surgical volume.
The trends in the growth in the number of ASCs
before the passage of the ACA and our model for
projected growth in the number of hospital out-
patient department procedures suggest that it
will be increasingly important to identify ways
to accommodate growing demand for outpatient
surgery. This is particularly important since hos-
pitals will also likely face increased demand for
other types of outpatient visits besides surgery
after the ACA is implemented.
The rapid growth in the number of procedures

performed at ASCs in recent years is a good indi-
cation of the ability of the market to expand
quickly when there are sufficient incentives for
it to do so. The range of surgeries performed in
ASCshas increased considerably since the 1980s.
In 1981 Medicare covered 200 procedures that
were provided in ASCs. Today about 3,600 dif-
ferent surgical procedures are covered under
Medicare’s ASCpayment system.9 Consequently,
the volume of procedures performed in ASCs has
increased dramatically, and the share of all out-
patient surgeries performed in freestanding
ASCs increased from 4 percent in 1981 to 38 per-
cent in 2005.26,27 The Ambulatory Surgery Center
Association has estimated that roughly 5,300
ASCs provide more than twenty-five million pro-
cedures annually in the United States.27

Physicians who have an ownership stake in an
ASC obtain greater profits from performing pro-
cedures in these facilities rather than in hospi-
tals. Since physicians receive the same payment
for their services regardless of whether proce-
dures are performed in an ASC or a hospital,
one implication of ASCs’ lowering the cost of
outpatient surgery without the price being ad-

justed accordingly—therefore leading to higher
profit per procedure—is that it could create
greater incentives for providers to recommend
unnecessary procedures in physician-owned
ASCs, a concept known as demand inducement.
Another consequence of demand inducement is
that physicians may respond to the increased
number of patients with health insurance—as
a result of theACA—byperforming surgeries that
are not clinically indicated. Future research
should examine the implications of reductions
in the cost of outpatient surgery for demand
inducement.

Conclusion
The ASC market faces challenges to meeting in-
creased demand for outpatient surgery. As noted
above, recent reimbursement changes have low-
ered payments to ASCs, which reduces the incen-
tives to start or expand these facilities.
This gap in reimbursement is likely to contin-

ue to widen because Medicare’s reimbursement
rates for hospital procedures are updated annu-
ally according to projected changes in hospital
prices, whereas ASC reimbursements are up-
dated annually according to projected changes
in the prices of all goods purchased by urban
consumers, and medical spending is increasing
at a much faster rate than other spending in the
US economy. Furthermore, the disparity be-
tween medical and other consumer spending is
expected to increase over time.
Critics of ASCs argue that these facilities “cher-

ry pick” profitable patients and procedures, di-
verting important revenue streams from hospi-
tals.28–31 In combination with research on the
quality of care in ASCs,15 the findings in this
article indicate that ASCs are a high-quality, low-
er-cost substitute for hospitals as venues for out-
patient surgery. Increased use of ASCs may gen-
erate substantial cost savings, helping achieve
the ACA’s goals of reducing the cost and improv-
ing the quality of health care delivery. ▪

These findings were previously
presented at the National Bureau of
Economic Research Hospital
Organization and Productivity
Conference, Harwich, Massachusetts,
October 4–5, 2013.

◀

25million
Procedures
The roughly 5,300 ASCs in
the United States provide
more than 25 million
procedures each year.
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ABSTRACT 

Ambulatory surgery centers (ASCs) were developed as a low-cost, convenient alternative to 
outpatient surgery in hospitals but have been criticized for “cream skimming” patients. Using a 
national sample of Medicare patients and controlling for physician fixed effects, we show that 
ASCs treat healthier patients than hospitals but as the ASC/hospital payment ratio increases, 
ASCs are more likely to treat high-risk patients. Using variation in ASC use generated by 
exogenous changes in Medicare payments, we find that high-risk patients treated in an ASC are 
less likely to be admitted to a hospital or an ER a short time after outpatient surgery.  
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1. Introduction 

 Technological developments in medicine have drastically changed the landscape of 

medical care in the United States. Over the past 30 years, surgical care has shifted from the 

inpatient setting to hospital outpatient departments, in large part due to advances in anesthesia 

and the development of laparoscopic surgery that made it possible for patients to recover more 

quickly from surgery (Sloss et al., 2006; Kozak et al., 1999). During that time, the number of 

outpatient surgeries nationwide increased considerably, from 3.8 million in 1981 to nearly 39 

million in 2005, and outpatient procedures now represent over 80 percent of all surgeries.1 This 

massive change in surgical care has created new opportunities for providing medical services 

outside of traditional acute care hospitals in potentially lower cost, specialized settings.  

A large part of the growth in outpatient surgery has occurred in ambulatory surgery 

centers (ASCs). Whereas hospitals provide a wide range of services in addition to outpatient 

surgery, including inpatient and emergency care, ASCs exclusively provide outpatient 

procedures. The share of all outpatient procedures that occurred in ASCs grew from 4 percent in 

1981 to almost 40 percent in 2005 (American Hospital Association, 2008). Over 90 percent of 

ASCs are wholly or partly physician-owned, and 96 percent are for-profit (ASC Association, 

2011; MedPAC, 2010).2 Since surgeons often have operating privileges in both freestanding 

ASCs and hospitals, they may choose to refer patients to either type of outpatient setting.  
                                                
1 Author calculations based on American Hospital Association (2008 and 2013). 

2 Only 18 percent of U.S. general hospitals are for-profit and less than one percent are physician-

owned (American Hospital Association, 2013; Silva, 2010). Due to the federal “Stark Law,” 

physicians are prohibited from referring Medicare or Medicaid patients to hospitals with which 

they have a financial relationship (e.g., investment or ownership), limiting physician ownership 
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ASCs have been praised for their potential to provide outpatient care that is less 

expensive, faster, and more convenient for both patients and physicians than services provided in 

hospitals (Hair, Hussey, and Wynn, 2012; Paquette et al., 2008; Grisel et al., 2009). Likewise, 

ASCs have been promoted as a cost-savings tool for Federal health care programs by the U.S. 

government (Government Accountability Office, 2006; Office of the Inspector General, 1999). 

In Munnich and Parente (2014), we document that outpatient surgeries performed in ASCs are 

significantly faster than those performed in hospitals, generating substantial cost savings.  If 

specialized facilities like ASCs provide services more efficiently than hospitals, do they do so at 

the expense of quality of care? 

One economic argument in favor of ASCs is that they may offer higher quality care due 

to specialization. An alternative view is that surgery centers offer faster, cheaper services at the 

expense of quality of care. Additionally, if hospitals are better equipped to take care of patients 

in the event of a surgical complication, ASC treatment may have negative consequences for 

patient outcomes, in particular for high-risk patients.  

In this paper, we examine health outcomes associated with treating higher-risk patients in 

surgery centers by focusing on two quality of care measures: inpatient admission and ER visits 

soon after an outpatient procedure such as the same day, seven, or 30 days afterwards. These 

metrics have been used in the medical literature to measure quality differences in outpatient 

settings (Fleisher et al., 2004; Hollingsworth et al., 2012). In addition to their use by researchers, 

the Centers for Medicare and Medicaid Services (CMS) has recognized subsequent 
                                                                                                                                                       
of general hospitals. However, the law exempts physicians who have an ownership stake in an 

entire hospital, such as an ASC or specialty hospital. See Casalino (2008) for more details on the 

Stark laws. 
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hospitalizations as an important quality measure for outpatient surgery. As of October 2012, 

ASCs are required to report direct hospital transfers and hospital admissions to CMS as part of 

the Ambulatory Surgical Center Quality Reporting (ASCQR) Program.3  

Identifying the causal effect of facility specialization on patient outcomes is made 

difficult because holding quality of care constant, healthier patients have better surgical 

outcomes than riskier patients and healthier patients are more likely to choose or be referred to 

specialized settings.4 Consequently, surgeons who choose to operate in ASCs have a different 

patient mix than those who only operate in hospitals. These differences could reflect physician 

preferences for different types of patients (or vice versa), facility preferences, differences in 

patient mix across hospital systems, or sorting within physician practices, e.g., if older physicians 

have more leverage in a practice and therefore more ability to choose settings and patients. If 

physicians who operate in ASCs have a healthier patient base than those who do not, any 

estimation of the relationship between patient health and ASC treatment that does not account for 

differences in case mix would be biased.  

In the first half of this paper, we use Medicare claims from 2007 through 2009 to 

illustrate this selection problem and document the extent to which ASCs treat a different patient 

                                                
3 Information about the ASCQR Program is available at http://www.cms.gov/Medicare/Quality-

Initiatives-Patient-Assessment-Instruments/ASC-Quality-Reporting/.  

4 While patient preferences are also a factor in the location of treatment, coinsurance rates for 

outpatient procedures did not vary over the period of our study so we do not expect that 

preferences changed during this time. The variation we exploit comes from facility fees, 

discussed later. 
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mix than hospitals. We restrict our analysis to Medicare patients in order to study a subset of 

patient claims that do not vary by insurer. Additionally, Medicare data contain unique physician 

identifiers, which allows us to confine our analysis to a subset of physicians who operate in both 

types of outpatient surgery facilities as well as control for physicians’ underlying patient case 

mix via physician fixed effects. We construct a measure of patient risk using ICD-9 diagnosis 

codes, age, and sex. We find that holding the identity of the physician constant, the probability of 

the surgery being performed in an ASC is monotonically decreasing in patient risk. Patients in 

the highest risk quartile were half as likely to be treated in an ASC compared to those in the 

healthiest quartile.  

Because we are concerned that observed differences in patient outcomes could reflect 

differences in underlying health rather than differences in quality of care, we use changes in 

federally set Medicare facility fees as an exogenous source of variation in surgery center 

utilization to estimate the effect of ASC treatment on patient outcomes. There are two types of 

payments for outpatient surgical procedures in the Medicare program. The first is a physician 

payment that is the same amount per procedure regardless of where the procedure if performed. 

The second is a facility fee that varies over time and by procedure, where the fee is a function of 

the setting in which the procedure is performed. Therefore, for any procedure performed in an 

ASC, an operating physician that has an ownership stake in the ASC would receive a payment 

for his or her services as well as any additional profit generated through the facility fee. ASC and 

hospital outpatient facility fees have historically been based on different Medicare payment 

systems, so the ratio of the two payments varies across procedure and time. Furthermore, 

Medicare reimbursements are determined nationally, so they represent a plausibly exogenous 

source of variation at the local-level. In response to concerns that ASCs face lower costs than 
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hospital outpatient departments and should therefore be reimbursed at lower rates, CMS froze 

ASC payment rates in 2003 and has steadily reduced ASC payments since 2008, while 

increasing payments to hospital outpatient departments. These adjustments in facility payments 

for outpatient services changed the relative reimbursement rates for outpatient procedures in 

ASCs and hospital outpatient departments, and the size of the change depended on the initial 

difference in payment rates, by procedure, across the two outpatient settings. 

We find that Medicare facility fees are an important determinant of whether a patient was 

treated at an ASC or a hospital; as ASC payments increase relative to hospital payments, 

physicians treat riskier patients in ASCs. Although the riskiest quartile of patients are in general 

about half as likely to be treated in an ASC than the healthiest quartile, a 0.1 increase in the 

ASC/hospital payment ratio is associated with a 0.013 percentage point (3 percent) increase in 

the probability of being treated in an ASC for this group. We use an interaction between a 

patient’s risk score quartile and the ASC/hospital payment ratio in his or her hospital region as an 

instrument for ASC treatment to examine differences in patient outcomes across outpatient 

facility settings. In particular, we exploit the fact that there is a heterogeneous response to 

payment changes across patient risk groups to estimate the effect of ASC treatment on patient 

outcomes. We find that ASC treatment reduces the probability of same day ER visits and 7-day 

inpatient admission for patients with the greatest morbidity. This suggests that ASCs provide 

higher quality care than hospital outpatient departments, even for high-risk patients.    

Our findings indicate that factors other than patient and physician heterogeneity 

contribute to the observed returns to specialization in the outpatient surgery market.  There are a 

number of factors that may contribute to this difference including specialization of surgical 

teams, differences in the quality of surgical staff, and facility organization may be important 
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determinants of patient outcomes.  Identifying what factors contribute to these differences in 

outcomes is beyond the scope of this paper but a logical next step in our research program. 

 

2. Background and Previous Literature 

 
2.1 Growth in Outpatient Procedures and Ambulatory Surgery Centers 

Outpatient surgery (i.e., ambulatory surgery) is surgery that does not require an overnight 

stay. In 2011, 64 percent of surgeries performed in community hospitals in the U.S. were done 

on an outpatient basis (American Hospital Association, 2013).5 The number of outpatient 

surgeries has grown considerably in the U.S. since the early 1980s. Figure 1 shows the growth in 

outpatient surgeries accompanied by a decline in inpatient surgeries between 1980 and 2011 for 

community hospitals. Previous research on the outpatient surgery market has attributed much of 

its growth to two factors: technological advances in medicine, and changes in Medicare 

reimbursement policy (Ambulatory Surgery Center Association, 2011; Koenig et al., 2009). 

Indeed, Figure 1 indicates that most of the change in outpatient surgeries in community hospitals 

occurred in the early 1980s, when Medicare both began covering procedures performed in ASCs 

and also introduced the Inpatient Prospective Payment System (IPPS), and leveled out in 2002, 

shortly after Medicare introduced the Outpatient Prospective Payment System (OPPS). Inpatient 

surgeries declined until about 1995, and have since remained constant. These trends suggest that 

between 1981 and 1995, there was substitution of outpatient for inpatient surgeries, as well as 

expansion in the surgery market.  

CMS defines an ambulatory surgery center (ASC) as a “distinct entity that operates 

exclusively for the purpose of providing surgical services to patients not requiring hospitalization 

                                                
5 Community hospitals include nonfederal, short-term general, and other special hospitals. 
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and in which the expected duration of services would not exceed 24 hours following an 

admission” (Ambulatory Surgical Services, 2009). The share of all outpatient surgeries in 

freestanding ASCs increased from 4 percent of the market in 1981 to 38 percent in 2005, shown 

in Figure 2. While the share of surgeries performed in physician offices grew over this period as 

well, ASCs in particular have posed a competitive threat to hospitals. Critics of ASCs have 

argued that they “cream skim” or “cherry pick” profitable patients and procedures, drawing 

patients who are more likely to have better outcomes, as well as important revenue streams, from 

hospitals. Hospital executives have expressed concern that ASCs have potentially “unfair” cost 

advantages because they treat healthier patients, are not required to provide unprofitable services, 

and are less regulated than hospitals (Casalino, Devers, Brewster, 2003; Vogt and Romley 

2009).6 Representing the American Hospital Association (AHA) at a Federal Trade Commission 

hearing in 2003, the CEO of the AtlantiCare hospital system noted that, “The rapid growth of 

specialty care providers threatens community access to basic health services and jeopardizes 

patient safety and quality of care” (Lynn 3/27/03, p. 27-28).7 Accordingly, hospital systems and 

industry organizations like the American Hospital Association (AHA) have waged “a full scale 

attack on niche providers through their lobbying efforts” (Cimasi, 2005). CMS has also made 

deliberate efforts to change policies to encourage treatment in one type of facility over another 

(Scully 3/23/03, p. 46). On the other hand, in interviews of six hospital systems, Burns, David, 

and Helmchen (2011) found that new organizational models like ASCs and single specialty 

hospitals did not threaten hospital executives and clinicians. This may be influenced by the fact 

                                                
6 All Medicare-certified ASCs must be certified by a state agency, or private accredited. Although facilities must initially obtain 
this qualification, the Office of Inspector General has criticized CMS for insufficient oversight of states and accreditors regarding 
recertification and compliance, leading to very lenient regulation of ASCs. CMS also requires participating hospitals to comply 
with patients’ rights requirements and implement quality improvement programs, which it does not require of ASCs (CMS, 2003; 
Office of Inspector General, 2002). 
7 Examples of specialty hospitals, as described by Lynn, include ambulatory surgery centers, children’s hospitals, psychiatric 
hospitals, heart hospitals, cancer hospitals, dialysis clinics, pain centers, imaging centers, and mammography centers. 
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that there is little evidence to date that ASCs provide lower cost or higher quality care than 

hospitals.  Despite the rapid growth in the ASC market and the policy responses to this growth, 

there is little empirical evidence backing the claims attributed to them. Likewise, there has been 

almost no research examining the impact on ASC operation of such policy factors as 

reimbursement rates. 

The vast majority of ASC patients are covered by private insurance or Medicare. Figure 3 

shows the number of outpatient surgeries in ASCs and hospitals by insurance type for 1996 

(Panel A) and 2006 (Panel B). The number of surgeries in ASCs has increased relative to the 

number of surgeries in hospitals for all types of insurance coverage categories (private or 

commercial, Medicare, Medicaid, self-pay, and other).8 Among Medicare patients, the number of 

surgeries in ASCs grew nearly 300 percent, compared to an 18 percent increase in the number of 

surgeries in hospital outpatient departments.  

 

2.2. Quality of Care  

The benefits of treating patients in ASCs in terms of cost efficiency would be mitigated if 

patient health outcomes were worse in these settings. The risk of serious complications 

associated with outpatient procedures is low relative to many inpatient procedures, but not trivial. 

For example, for screening colonoscopies, the risk of an adverse event—such as perforation of 

the bowel, bleeding, or reaction to anesthetic—is 2.8 per 1,000 procedures (American Society of 

Gastrointestinal Endoscopy, 2011). Stein et al. (2011) found that, among Medicare patients, the 

probability of serious complication for cataract surgery was 0.4 percent. In addition to 

complications associated with outpatient procedures, patients may acquire healthcare-associated 

infections (HAIs) during an ASC or hospital visit. Following a rise in HAIs acquired in 
                                                
8 Other insurance types include TRICARE, worker’s compensation, and other government insurance. 
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outpatient settings, Schaefer et al. (2010) examined a sample of ASCs in three states and found 

that lapses in infection control practices were common in these facilities.  

Several papers have tried to assess differences in quality of care between ASCs and 

hospitals (Hollingsworth et al., 2012; Chukmaitov et al., 2011; Woods et al., 2007; Fleisher et al., 

2004). For example, Fleisher et al. (2004) found that hospital outpatient departments had higher 

rates of inpatient admission and ER visits than ASCs within 7 days of, or between 8 and 30 days 

after, outpatient procedures. In contrast to these findings, Hollingsworth et al. (2012) showed 

that same day hospital admission was higher for Medicare patients undergoing urological 

procedures in an ASC than for those treated in a hospital. However, since the patient mix in 

ASCs is on average healthier than in hospital outpatient departments, comparing patient 

outcomes across settings without accounting for unobserved heterogeneity likely leads to 

overestimations of the quality of care that ASCs provide relative to hospitals. Even after 

adjusting for patient risk factors, if unobserved patient characteristics are correlated both with the 

probability of ASC treatment and outcomes, estimates of the relationship between ASC 

treatment and patient outcomes would be biased. Our paper contributes to the literature on 

quality of care in specialized surgical settings by using exogenous variation in Medicare facility 

payments to estimate the effect of ASC treatment on patient outcomes. 

 

2.3 Overview of Medicare Payments 

Since our empirical analysis relies on variation in Medicare reimbursement, it is 

instructive to outline the structure of Medicare payments for outpatient surgical procedures. For 

any outpatient procedure, Medicare payments are separated into three components: a facility fee 

(e.g., to cover overhead costs, nursing and tech staff, and equipment and drugs directly related to 
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the procedure), professional (physician) fees, and fees for other services (e.g., physical therapy, a 

skilled nursing facility, and durable medical equipment). While physicians receive the same 

amount for an outpatient procedure regardless of whether it occurred in an ASC or a hospital, 

facility payments differ across settings. In general, reimbursements for outpatient procedures in 

hospitals are set higher than in ASCs because hospitals must meet additional regulatory 

requirements and treat patients who are more medically complex (MedPAC, 2003). For example, 

in 2003, the national facility fee for a cataract removal was $973 in an ASC and $1,160 in a 

hospital. However, that same year, the facility fee for an upper gastrointestinal (GI) endoscopy 

was $446 in an ASC and $387 in a hospital (MedPAC, 2003). Over 90 percent of ASCs are at 

least partly owned by physicians. When a physician treats a patient in an ASC over which he or 

she has some ownership, that physician captures part of the facility fee from Medicare. 

Consequently, previous research has found that physicians with financial interests in hospitals 

have a higher rate of self-referrals, and volume in surgery centers is higher for physician owners 

than non-owners (Yee, 2011; He and Mellor, 2012; Mitchell, 2008 and 2010; Casalino, 2008; 

Lynk and Longley, 2002). Similarly, ASC physician owners are more likely to refer well-insured 

patients to their ASCs and send Medicaid patients to hospital outpatient departments (Gabel et al., 

2008). 

Differences between ASC and hospital outpatient payments have varied over time. When 

Medicare first started covering outpatient procedures in 1982, hospital procedures were 

reimbursed using a cost-based system whereas ASC procedures were grouped into one of 4 

payment categories based on cost and clinical similarity, and every procedure in a particular 

category was reimbursed at the same rate. Across both settings, facility payments did not vary 

based on the health of the patient. These payments were updated annually for inflation—hospital 
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procedures by the hospital market basket and ASC procedures by the Consumer Price Index for 

All Urban Consumers (CPI-U)—but were not otherwise adjusted until Medicare expanded to 

eight payment groups in 1990, and nine in 1991 (MedPAC, 2010).  

In 2000, Medicare’s traditional cost-based reimbursement system for outpatient care in 

hospitals was replaced with the Outpatient Prospective Payment System (OPPS). Like the 

payment group structure of ASCs, OPPS established 200 Ambulatory Payment Classifications 

(APCs) for hospital outpatient procedures. In response to the drastic growth in ASCs relative to 

hospital outpatient departments, CMS subsequently reduced ASC payments. In the 2003 Federal 

Trade Commission hearings on health care and competition, the former Administrator of CMS, 

Thomas Scully, remarked, “I can tell you when I drive around the country and see where ASCs 

are popping up, I can tell who we're overpaying” (Scully 2/26/03, p. 46). The Medicare 

Prescription Drug, Improvement, and Modernization Act of 2003 froze ASC payment updates 

and directed the Government Accountability Office (GAO) to examine the relative costs of 

procedures performed in ASCs and hospital outpatient departments to inform implementation of 

a new cost structure by January 1, 2008 (U.S. GAO, 2006). Between 2008 and 2011, Medicare 

phased in a new system for ASC payments based on the 200 Ambulatory Payment 

Classifications (APC) in the OPPS, and expanded the number of covered ASC procedures 

(MedPAC, 2010). The new rates mandated that the ASC facility fee for any procedure would be 

no greater than 59 percent of the facility fee paid to a hospital outpatient department, phased in 

fully by 2012.  

This policy change reduces incentives to treat patients in ASCs, benefitting hospitals that 

use revenue from outpatient procedures to subsidize less profitable procedures. However, if 

ASCs provide more cost effective outpatient services without compromising patient safety, this 
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could have negative consequences for overall healthcare spending on outpatient care. In the 

sections that follow, we examine differences in treatment patterns across outpatient setting to 

estimate quality differences between ASCs and hospital outpatient departments.  

 
3. Health Selection in the Outpatient Surgery Market   

In the first part of our analysis, we document the extent of selection into ASCs based on 

patient health. ASCs have been criticized for skimming the most profitable patients in the 

outpatient surgery market. It has been well documented that patients who have health insurance 

with higher reimbursement rates are more likely to be treated in ambulatory surgery centers 

(Mitchell, 2010; Pham et al., 2004; Hadley and Reschovsky, 2006; Gabel et al., 2008; 

Hollingsworth et al., 2010). Similarly, ASCs on average treat healthier patients and perform 

higher profit procedures than hospital outpatient departments (Wynn et al., 2004; Winter, 2003; 

Plotzke and Courtemanche, 2011). David and Neuman (2011) compare treatment patterns among 

physicians who practice exclusively in ASCs (“non-splitters”) and those who practice in both 

ASCs and hospitals (“splitters”). They find that physicians who treat patients in both settings 

deliver care to higher-risk patients overall but select relatively healthier patients for treatment in 

ASCs. Research on cream skimming has been conducted for other physician-owned facilities 

such as specialty hospitals as well. For example, Swanson (2012) examines patient selection in 

cardiac specialty centers, and concludes that the distribution of patients across hospitals is driven 

by physicians’ average preferences over hospitals rather than cherry picking. 

Although previous research documents differences in the composition of patients and 

procedures across facility types, it often relies on cross-sectional data and is unable to account 

for variation between physicians. For example, there may be underlying differences between 

physicians who work in ASCs and those who work in hospitals that influence the types of 
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patients that are referred to each facility. In a cross sectional data set, it is difficult to identify 

cream skimming if physicians have different client bases and receive different payments based 

on where a procedure is performed. In this paper, we circumvent this problem by restricting our 

analysis to cases performed by physicians who operate in both ASCs and hospitals. In doing so, 

we are able to identify within-physician patient selection to account for sorting of patients by 

acuity between physicians. 

 

3.1. A Within-Physician Selection Model 

We exploit the fact that Medicare claims data record a unique physician identifier which 

allows us to examine, holding physician identity constant, whether and by how much patient 

health is correlated with the likelihood of ASC treatment:        

    
(1) 

In this model, ASCi is an indicator equal to one if the procedure for patient claim i was performed 

in an ASC. We include a vector of demographic characteristics, Xi, including age group, sex, 

ethnicity, and an indicator variable equal to one if a patient is eligible for Medicare because of 

end stage renal disease. Riskir is a dummy variable indicating a patient’s health risk quartile r, 

where the first (healthiest) quartile is omitted. Since different procedures may be more prevalent 

in one type of facility, which could affect a patient’s probability of treatment in an ASC, we 

include procedure fixed effects (Procip). To account for physician-specific characteristics that 

may drive treatment decisions, as discussed earlier, we also include fixed effects for physicians 

(Physij) and physician by procedure fixed effects (Physnij x Procip).9 The variation in our model 

is therefore driven by a particular physician’s decision to treat patients in one outpatient sector 

                                                
9 The physician fixed effects absorb geographic fixed effects. Therefore, we do not need to separately include state or other 
geographic fixed effects in this model. 

ASCi= Xiβ  + Riskirαrr∑  +  Procipδpp∑  +  Physij γ jj∑  + Procip ×Physij ρ jpj∑p∑ Yearitθtt∑  + εi
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over another, for physicians who care for patients in both ASCs and hospitals. Finally, we 

control for time varying factors that are common across patients by including a vector of dummy 

variables for year of procedure (Yearit). If a patient’s risk score group is negatively related to 

ASC treatment—i.e., if α2, α3, and α4, are less than zero—then riskier patients are less likely to 

be treated in an ASC than in a hospital outpatient department. To account for possible correlation 

within a geographic region over time, we cluster standard errors by Hospital Service Area (HSA).  

 

3.2. Medicare Claims Data 

In order to estimate the above model, we need a dataset that includes detailed patient and 

surgery information, as well physician identifiers. We achieve this using the Medicare Limited 

Data Set for 2007 through 2009. These data contain all institutional and non-institutional claims 

for a 5 percent sample of Medicare beneficiaries, including both hospital outpatient departments 

and ASCs. For each patient claim, we observe patient diagnoses and procedures, payment 

amount, dates of service, patient demographics, and an identifier for the attending and operating 

physicians in the procedure.10 Procedures in Medicare claims are coded using the Health Care 

Common Procedure Coding System (HCPCS). Each HCPCS code is assigned to a procedure 

category using Berenson-Eggers Type of Service (BETOS) Codes, which represent readily 

understood clinical categories as well as groupings used in Medicare payments. For the 

remainder of this paper, we define “procedure” in Medicare claims as the BETOS code. 

Descriptive statistics for patient claims are reported by physician and facility type in 

Table 1.11 We consider two types of physicians: the full sample of physicians (those who treat 

                                                
10 CMS changed its system for identifying physicians from unique physician identification numbers (UPIN) to National Provider 
Identifiers (NPI) beginning in 2007. We obtain NPI values where missing from the National Plan and Provider Enumeration 
System (NPPES), available at http://nppes.viva-it.com/NPI_Files.html.  
11 Over 40 percent of patients of physicians who operate in both types of facilities undergo more than one outpatient procedure in 
a year, so we observe multiple claims for these individuals. 
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patients in either ASCs or hospitals, or both), and those who treat patients in both types of 

facilities, which is the group that identifies the key parameters of interest in our fixed effect 

models.12 Overall, patients treated by physicians who operate in both ASCs and hospitals 

(column 4) are very similar to patients in the full sample (column 1).13 We then compare 

characteristics of patients in ASCs with those in hospitals for each physician type. For the full 

physician sample, patients treated in hospitals are younger, less likely to be female, more likely 

to be black, and more likely to have end stage renal disease or a disability as the primary for 

Medicare entitlements (columns 2 and 3).14 For the subset of physicians who operated in both 

types of settings, patients treated in ASCs and hospitals appear to be very similar on observable 

characteristics (columns 5 and 6), though patients in hospitals are more likely to be on disability 

or have end stage renal disease.  

The distribution of procedures also varies by physician type. In the full sample of 

physicians, each of the top 5 procedures in terms of ASC volume (cataract removals, 

colonoscopies, upper GI endoscopies, minor musculoskeletal procedures, and other eye 

procedures) comprised much larger shares of total procedures in ASCs than in hospitals. Again, 

these differences are much smaller for the restricted group of physicians. For example, cataract 

surgeries comprised 3 percent of procedures performed in hospitals among the full sample of 

physicians and 28 percent of procedures performed in ASCs. Among claims for procedures done 

by physicians that worked in both types of facilities, cataract surgeries represented 10 percent of 

hospital claims and 14 percent of ASC claims. This suggests that a number of physicians only 

provide some services, e.g., cataract surgeries, in one type of setting.  

                                                
12 Physicians who work in both types of facilities are a subset of physicians who work in either type of facility. 
13 Given the large sample size, all differences are statistically significant. 
14 Patients who are under age 65 can qualify for Medicare benefits if they have a disability or end stage renal disease. Since a 
greater share of patients treated in hospitals are on disability as their primary reason for entitlement, it is not surprising that the 
average age of patients in ASCs is higher than the average age of patients treated in hospitals.  
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The descriptive statistics presented in Table 1 suggest that if we were to include all 

Medicare claims without accounting for idiosyncratic differences among physicians, our health 

selection estimates would be biased because physicians who operate in both types of facilities 

have a different patient composition than those who just operate in one type of setting. To 

address this problem, we restrict our sample to claims from procedures performed by physicians 

who operate in both types of facilities. We also employ a physician fixed effects model to control 

for differences between physicians that do not vary over time.  

To measure underlying patient health, we generate patient risk scores using the Johns 

Hopkins University ACG Case-Mix System (v. 10) developed by the Health Services Research 

and Development Center. The ACG System uses ICD-9CM diagnosis codes and patient 

characteristics to construct measures of health status. The predictive modeling feature of the 

ACG software produces a concurrent weight (CW) that is a summary measure of the current 

individual health status and resource utilization. The CW is constructed so that the national 

average is 1.0 with higher values denoting poorer health and likely higher expenditures; for 

example, a patient with a weight of 2.0 is twice as sick, and expected to use twice as many 

resources, as a person with a weight of 1.0.  

Patient acuity varies across outpatient settings. Figure 4 is a kernel density plot of patient 

risk scores in hospital outpatient departments and ASCs using Medicare claims for physicians 

who treated patients for any type of procedure in both types of facilities. As the figure illustrates, 

greater shares of patients with lower risk scores are treated in ASCs than in hospital outpatient 

departments. For ease of interpretation, we use aggregated measures of risk scores that have been 

grouped into four quartiles based on predicted patient resource utilization.  
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3.3. Health Selection Estimates from Physician Fixed Effects Model 

Table 2 reports estimates from the health selection model described in Equation (1), with 

and without physician fixed effects. The first column includes estimates for all procedures in the 

full physician sample. Results in columns 2 and 3 include all procedures in the sample of 

physicians restricted to those who work in both ASCs and hospitals, without and with physician 

fixed effects, respectively. Since the number of different types of procedures performed in 

hospitals is much larger than the number performed in ASCs, we also restrict our analysis to the 

top 5 procedures by ASC volume to ensure that we are using a comparable set of procedures 

across settings.15 Estimates for these 5 procedures are provided in the column 4. The remaining 

columns indicate results from separate regressions for each of the top 5 procedures based on 

ASC surgical volume: cataract surgeries, colonoscopies, upper GI endoscopies, minor 

musculoskeletal procedures, and other eye procedures. The share of patients treated in an ASC 

by risk quartile, and the share of claims in each risk quartile, are included in curly and square 

brackets, respectively. In all cases, patients that are less healthy (i.e., higher-risk score quartiles) 

are significantly less likely to be treated in an ASC than those in lower risk score quartiles. 

Among claims in the full physician sample, 18 percent of first quartile (healthiest) patients are 

treated in an ASC compared with 6 percent of fourth quartile (riskiest) patients. For the restricted 

physician sample (columns 2 and 3), 76 percent of first quartile (healthiest) patients are treated in 

an ASC compared to 36 percent of fourth quartile (riskiest) patients. ASC treatment also varies 

by procedure. Whereas 85 percent of first quartile patients undergoing cataract surgery were 

treated in an ASC, only 76 percent of patients in the same risk score group undergoing minor 

                                                
15  The top 5 procedures by ASC volume account for 82 percent of claims in ASCs compared to 74 percent of claims in hospital 
outpatient departments. 
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musculoskeletal procedures were treated in an ASC. The probability of ASC treatment is 

monotonically decreasing in risk for cataract surgeries, colonoscopies, and upper GI endoscopies.   

Regression results indicate that across all types of procedures, the probability of being 

treated in an ASC decreases as a patient’s risk score group increases. Coefficient estimates on the 

risk score quartile dummy variables are much larger in absolute value for the full physician 

sample than for the restricted sample, indicating that including all physicians leads to overstating 

the extent of health selection. Including fixed effects for the restricted physician sample reduces 

the magnitude of the coefficients slightly (column 3).16 Holding physician identity constant, 

patients in the highest risk score quartile undergoing any procedure are still nearly 40 percentage 

points less likely to be treated in an ASC than patients in the healthiest quartile, or about half as 

likely given that 76 percent of patients in the healthiest quartile are treated in ASCs. Cataract 

patients in the highest risk quartile are 68 percentage points less likely than the healthiest patients 

to be treated in an ASC. These results indicate that even accounting for differences across 

physicians and only looking at the subset of physicians who treat patients in both hospitals and 

ASCs, physicians are much more likely to care for healthy patients in ASCs.  

 
4. Outpatient Treatment Location and Patient Outcomes 
 

In previous research, we have shown that, holding patient risk constant, ASCs are less 

costly at treating patients in terms of procedure duration (Munnich and Parente, 2014). In this 

section, we consider whether ASCs provide more cost efficient services than hospitals at the 

expense of quality of care. Estimating quality of care differences in the outpatient surgery market 

is difficult in single equation models because, as we have shown, ASCs have a different patient 

mix than hospital outpatient departments. Table 3 shows the rate of inpatient admissions and ER 

                                                
16 Differences between specifications with and without physician fixed effects are significant at the 10 percent level. 
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visits following an outpatient procedure alongside the share of patients that are treated in an ASC, 

by patient risk quartile. Not surprisingly, patients in higher risk groups are much more likely to 

visit the hospital following an outpatient procedure. Because ASCs treat healthier patients, 

observed differences in patient outcomes between ASCs and hospitals may be due to differences 

in underlying health rather than differences in quality of care. We address this problem by using 

variation in ASC use generated by changes in Medicare facility fees to estimate the effect of 

ASC treatment on patient outcomes by risk score group. Before doing this, we outline 

Medicare’s facility payment structure and changes in facility payments over time, as well as 

estimate the relationship between facility payments and ASC market share.  

 
4.1. Outpatient Facility Payments and ASC Market Share 

As described earlier, for any outpatient procedure, ASCs and hospitals receive different 

facility payment amounts. Medicare payments to outpatient facilities are set nationally and 

adjusted to account for geographic differences in labor costs.17 Specifically, the facility payment 

consists of a labor portion that is adjusted by a local wage index, and an unadjusted non-labor 

portion. CMS estimates that labor costs are higher in hospitals than in ASCs, and therefore set 

the labor portion as 60 percent of the facility fee for hospital outpatient departments and 50 

percent of the fee for ASCs (MedPAC, 2003).18 The wage index is updated annually based on 

average wages in acute care hospitals in a labor market area relative to the national average 

hourly wage, calculated separately for individual urban areas, with one rural wage index for each 

state (MaCurdy et al., 2009).19 Because Medicare calculates the wage indexes using large 

geographic areas, hospitals that are located in the same urban area but that face different costs 
                                                
17 Outpatient payments are also adjusted for rural, cancer, and children’s hospitals as well as extraordinarily costly services and 
new technologies (MedPAC, 2008). 
18 Coinsurance rates also vary by outpatient facility, but did not change for hospitals during the period of our analysis. 
19 Medicare defined urban areas by Metropolitan Statistical Areas (MSAs) until 2003, and Core Based Statistical Areas (CBSAs) 
thereafter. In 2008, there were 374 MSAs and 3,436 CBSAs in the U.S. (Nussle, 2008). 
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may receive the same wage index value. At the same time, hospitals that are near one another but 

in different urban areas would have different indices. Importantly, since facility payments are set 

at the federal level, adjustments are relatively coarse, and ASC and hospital payments are 

adjusted by the same wage index, changes in ASC and hospital payments represent a plausibly 

exogenous source of variation in Medicare reimbursement.  

To look at this mechanism, we first consider the relationship between the share of 

Medicare outpatient surgeries treated in an ASC and the ratio of the average ASC payment to 

average hospital payment. We use total facility payments from Medicare claims data to calculate 

the average payment for each facility type (ASC and hospital outpatient department), by Hospital 

Service Area (HSA) and year.20 HSAs, or local hospital markets, are defined by assigning ZIP 

codes to the hospital area where the greatest proportion of their Medicare residents were 

hospitalized in a region. The U.S. is comprised of 3,436 HSAs. We obtained HSA-zip code 

crosswalks from the Dartmouth Atlas of Healthcare.21  

To generate ratios of ASC payments to hospital payments, we first let ϕifpht denote the 

facility fee for patient claim i, in facility type f (ASC or hospital), for procedure p, in HSA h, in 

year t. We denote the median payment from all claims for a particular facility type, procedure, 

HSA, and year as . To scale the payment amount for each procedure, we divide the median 

ASC payment in year t by the median hospital outpatient payment in 2007, adjusted annually for 

inflation using the Center for Medicare and Medicaid Services’ hospital market basket:
 

     (2) 

                                                
20 To generate payment estimates, we use the combined revenue center payment and patient responsibility amount associated 
with a procedure for the Medicare outpatient plains, and the total allowed charges (which includes the line provider payment 
amount, deductible, and coinsurance) for ASC claims. In both cases we restrict our analysis to the first procedure listed for each 
claim. 
21 http://www.dartmouthatlas.org/tools/downloads.aspx 

ϕ fpht

Ppht =
ϕASC,pht

ϕHospital,ph
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This measurement of the ratio of ASC payments to hospital outpatient payments therefore varies 

by procedure, HSA, and year. We restrict our sample to HSAs where we observe at least 10 

claims in both ASCs and hospitals for a particular procedure in a particular year, allowing us to 

calculate the ratio of payments between the two types of facilities. 

Average HSA payments are reported by facility, year, and procedure for the five highest 

volume ASC procedures in Table 4. Instead of national payment rates, which are fixed across all 

localities, we use facility payments from Medicare claims that have been adjusted for local labor 

costs, so level and relative payments to ASCs and hospitals vary across procedure and over time. 

For all procedures except minor musculoskeletal procedures, payments for hospitals exceeded 

payments to ASCs in 2007. During the period of our study, ASC payments stayed roughly 

constant or decreased while hospital payments increased, and the average ratio of ASC payments 

to hospital outpatient payments decreased. These changes correspond to policy changes made by 

CMS to reduce ASC payments relative to hospital payments, discussed earlier.22 

To illustrate changes in ASC payments relative to hospital payments over time, Figure 5 

plots ASC and hospital payments by procedure for 2007 and 2009. ASC payments are presented 

on the horizontal axis and hospital outpatient payments are on the vertical axis. Each bubble 

represents the median facility payment for one of the top 5 outpatient procedures; the size of the 

bubble denotes the number of Medicare claims for a particular procedure. The 45-degree line 

denotes equal payment to ASCs and hospital outpatient departments. Like the average HSA-level 

payments presented in Table 4, Panel A of Figure 5 shows that in 2007, facility fees for most of 

the top 5 procedures were higher in hospitals than ASCs, i.e., the ratio of ASC to hospital 

                                                
22 The “Average ASC/Hospital Payment Ratio” value in Table 4 is the average of the HSA-level payment ratios, which is 
calculated by first constructing the ratio of the median ASC payment in a year to the median hospital outpatient payment in 2007, 
by HSA, and averaging these values across all HSAs. It is therefore not the same as the ratio of the average ASC payment and 
average hospital payment listed in Table 4. 
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payments was less than one. While payments to ASCs stayed roughly constant or decreased 

between 2007 and 2009, most payments for hospital outpatient surgeries increased; consequently, 

the graph for 2009 (Panel B) shows a shift in the payment ratio in favor of hospitals. 

Using this variation in facility fees, we examine the relative payments made to ASCs and 

hospitals as a possible mechanism driving ASC growth. We first consider the relationship 

between relative ASC/hospital payments and the share of all Medicare procedures in an HSA 

that were performed in an ASC. We estimate this relationship with the following model: 

                 ASCSharepht = Ppht β1 + δp + λh + vt +εpht                  (3) 

Here, ASCSharepht is the share of all patients treated in ASCs for procedure p, in HSA h, in year t. 

Ppht is the ratio of ASC to hospital payments by HSA and year in one of the top 5 procedure 

groups: cataract removal/lens insertion, colonoscopy, upper GI endoscopy, minor 

musculoskeletal procedures, or other eye procedures. As in earlier specifications, we also include 

procedure, HSA, and year fixed effects, and balance the data across all three of these dimensions. 

Therefore, only HSAs with claims for a procedure in both ASCs and hospitals in all years of the 

data are included in our sample.23 

Table 5 presents an estimate of the relationship between the share of Medicare outpatient 

surgeries treated in an ASC and the ratio of the average ASC payment to average hospital 

payment. These findings confirm that higher ratios of ASC to hospital payments are associated 

with higher ASC market share, holding fixed procedure, HSA, and year. To put this in context, 

an annual increase of 0.1 in a payment ratio—a change that we find plausible based on estimates 

in Table 4—would be associated with a 0.004 increase in ASC market share. Over the period of 

our study, ASC-to-hospital ratios decreased. As an example, between 2007 and 2009, the 

                                                
23 Because we balance panels across facility type and year for each procedure and HSA, we lose observations as we add 
additional procedures with fewer annual claims. We therefore limit our sample for this analysis to the top 5 procedures. 
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payment ratio for upper GI endoscopies decreased from 0.88 to 0.74, a change of 0.14; using the 

estimates in Table 5, this change would be associated with a 0.006 percentage point drop in ASC 

market share. In our balanced HSA panel, 50 percent of all upper GI endoscopies were 

performed in ASCs in 2007, so the change in the payment ratio would equate to a one percent 

drop in ASC market share for this procedure in two years. These results suggest that Medicare 

facility payments are important drivers of ASC market share and CMS policies to decrease ASC 

payments relative to hospital payments may have contributed to the leveling out of market 

growth depicted in Figure 1.  

 

4.2. Facility Payments and Outpatient Treatment Location 

The findings presented thus far indicate that physicians care for healthier patients in 

ASCs than in hospital outpatient departments. We have also shown that the ratio of ASC to 

hospital payments is positively associated with ASC market share. Building on Equation (2), we 

use the variation in ASC use generated by facility fee changes to estimate the relationship 

between treatment in an ASC and interactions between the average ratio of ASC to hospital 

payments in a patient’s HSA and his or her risk score quartile: 

  (4) 

In this model, Pi 
pht denotes the payment ratio that corresponds to claim i based on procedure, 

HSA, and year. The coefficients α2,1, α2,2, α2,3, and α2,4 capture the change in the probability of 

treatment in an ASC by risk score quartile as ASC payment rates increase relative to those in 

hospital outpatient departments in 2007.  

The first column of Table 6 presents estimates of the relationship between facility 

payments and ASC treatment. As in Table 2, the likelihood of treatment in an ASC decreases 

ASCi  = Xiβ+ Riski,rα1,r+Riski,r ×Pi
phtα2,r( )r∑ + Procipδpp∑ + Physij γ jj∑ + Procip ×Physij ρ jpj∑p∑ + Yearitθtt∑ +εi
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monotonically as patient health decreases, across all panels. However, as ASC payments increase, 

riskier patients are more likely to be treated in an ASC. This is not surprising given that the share 

of patients treated in ASCs is much lower for sicker groups of patients than for healthier ones; 

for example, 83 percent of first quartile patients undergoing one of the top 5 procedures did so in 

ASCs compared to 42 percent of fourth quartile patients (Table 2). This group therefore has the 

greatest margin for change. 

 
4.3. Facility Payments and Patient Outcomes 

Using variation in Medicare facility fees across procedures and over time as a source of 

exogenous variation in ASC treatment, we estimate the effect of ASC use on patient outcomes. 

Our analysis focuses on two patient outcomes: inpatient admission and emergency room visits 

following an outpatient procedure. Hospital admissions and emergency room visits are identified 

using inpatient and outpatient claims data for 2007 through 2009 to calculate the time in days 

between the date of the outpatient procedure and the date of the first subsequent inpatient 

admission or ER visit. 24 Table 5 shows that among all claims in our restricted physician sample 

(denoted by the row “All Patients”), 0.1 percent of patients were admitted to a hospital on the 

same day as, 1 percent were admitted between 1 and 7 days, and 3.1 percent were admitted 

between 8 and 30 days of an outpatient surgery. Similarly, 0.3, 1.5, and 4.1 percent of patients 

visited an ER on the same day as, 1 to 7 days after, or 30 days after outpatient surgery, 

respectively. With the exception of same day hospital admission, patients treated in a hospital 

outpatient department were more likely than those treated in an ASC to be subsequently admitted 

to a hospital or visit an ER. 

                                                
24 Patients that are seen in an ER may be admitted to the hospital as an inpatient or not admitted to the hospital. 
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We estimate a reduced form model to examine the relationship between ASC treatment 

and our two patient outcomes, where the dependent variable is an indicator for whether a patient 

was admitted to a hospital or visited an ER following outpatient surgery. Since changes in ASC 

payment are positively related to ASC market share, we use this ratio as a source of exogenous 

variation in ASC treatment: 

yi=Xiβ+ Riski,rω2,r+Riski,r×Pi
phtω2,rr + Procipδpp + Physijγj+ Procip×Physijρjpjp + Yearitθtt +εij    (5) 

In this model, yi denotes whether a patient had an inpatient admission or ER visit within 0, 1 to 7, 

or 8 to 30 days of outpatient surgery.25 The remaining variables are defined as in Equation (4), 

and we cluster standard errors by HSA. 

The results in Table 6 (columns 2 to 6) show that when ASC payments increase, 7-day 

inpatient admission rates and same day ER visits decline for patients in higher-risk quartiles. We 

find no relationship between facility payments and same day inpatient admission, or 30-day 

inpatient admission and ER visits. These reduced form results indicate that the decline in hospital 

admission and ER visits is driven by higher quality ASC care as long as Medicare fee schedule 

changes are exogenous to relative quality changes in ASC versus hospital care.  

 
4.4. Local Average Treatment Effect 

In conjunction with the first stage results from Equation (4), the estimates discussed in 

Section 4.3 provide the local average treatment effect of ASC treatment on inpatient admission 

and ER visits. To scale results reported in Table 6 and estimate of the effect of ASC treatment on 

hospitalizations, we use a two-stage least squares (2SLS) model where we instrument the four 

payment ratio-by-quartile interactions for the four (endogenous) ASC-by-quartile interactions. If 

patients are better off when treated in ASCs, we expect the probability of hospitalization would 
                                                
25 An inpatient admission or ER visit within zero days of outpatient surgery indicates a same day hospitalization. 
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decrease as treatment in ASCs increases. On the other hand, if ASCs do a poorer job than 

hospitals of treating relatively sicker patients, we expect that patients would be more likely to get 

admitted to a hospital or visit the ER as the payment ratio increases.  

 The 2SLS estimates of the effect of ASC treatment on inpatient admission and ER visits, 

by quartile, are presented in Table 7. F-statistics from first stage regressions, shown in brackets, 

are large, alleviating concerns about finite sample bias from weak instruments.26 The results 

indicate that ASC treatment has a large negative effect on 7-day inpatient admission and same 

day ER visits for patients in higher-risk quartiles. Patients in the highest risk quartile are less 

likely to visit an ER on the same day, 1 to 7 days, and 8 to 30 days of an outpatient surgery after 

ASC treatment than if they had undergone outpatient surgery in a hospital. These results suggest 

that the shift of the riskiest patients to ASCs does not appear to have negative consequences for 

patient health in terms of inpatient admission and ER visits. 

 

6. Sensitivity Analysis 

We have shown that high-risk patients who undergo an outpatient procedure in an ASC 

are less likely to visit an ER on the same day as an outpatient surgery or have an inpatient 

admission within 7 days of outpatient surgery. To better understand the mechanism through 

which ASC treatment would decrease subsequent hospitalization and ER visits, we follow the 

same 2SLS method used in Section 5 to consider the effect of ASC treatment on ER visits that 

are associated with medical errors and infections. These adverse events are identified using ICD-

9-CM Adverse Event Codes from the Utah/Missouri Patient Safety Project. The Patient Safety 

Project defines an adverse event as “an undesirable and unintended injury resulting from a 

medical intervention” (Van Tuinen et al., 2005). Estimates of the effect of ASC treatment on 
                                                
26 Results for all first stage regressions are shown in Table A.1. 
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adverse events that resulted in an ER visit are presented in Table A.2. The estimates are 

imprecise, but suggest that ASC treatment leads to fewer ER visits due to adverse events among 

high-risk patients. Interestingly, the results also indicate that healthier patients may be more 

likely to visit an ER due to an adverse event in the 1 to 7 days following treatment in an ASC. 

Given that high-risk patients are more likely to be treated in an ASC as payments to ASCs 

increase, the greater likelihood of ER visits among lower risk patients could be related to 

different patient care and infection exposure associated with changing patient composition in 

ASCs. 

In the previous section, we found that ASC treatment leads to better outcomes for high-

risk patients. Diagnostic or exploratory procedures, such as colonoscopies and upper GI 

endoscopies, make up a large share of outpatient surgeries. While these procedures have 

complications that might result in inpatient admission, discussed earlier, they also detect more 

serious diseases that could lead to an inpatient admission for reasons other than complications 

associated with a diagnostic outpatient procedure. To ensure that our results are not driven by 

inpatient admissions associated with these procedures, we estimate the IV model restricted to 

corrective procedures. We use descriptions of the top HCPCS codes for each procedure category 

to approximate the intent and scope of a procedure in order to assign procedures to one of these 

two categories. Among the top 5 procedures, we define corrective procedures as cataract surgery, 

minor musculoskeletal procedures, and other eye procedures; 95,371 (35 percent) in our sample 

are considered corrective. 

2SLS estimates for corrective procedures are presented in Table A.3. When we isolate 

our investigation by procedure type, the sample sizes decrease naturally leads to less precise 

estimates. Nonetheless, the results indicate that higher-risk patients undergoing one of the three 
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identified corrective procedures in an ASC are not more likely to be admitted for an inpatient 

hospital stay following an outpatient procedure. This suggests that the positive effects of ASC 

treatment on inpatient admission are not driven solely by diagnoses associated with exploratory 

procedures that lead to inpatient admission.  

The physician responses we have addressed thus far suggest that as ASC payments 

increase relative to hospital payments, physicians substitute surgical care in ASCs for hospital 

outpatient departments. It could be the case, however, that when payments increase, physicians 

perform procedures that they would not have otherwise performed. Given limits on insurance 

coverage for many of the procedures in our analysis, it would be difficult for physicians to 

oversupply these procedures. For example, Medicare covers colonoscopies for beneficiaries that 

are age 50 and older once every 24 months for those that are at high-risk of colorectal cancer, 

and every 120 months otherwise. Still, we consider the impact of Medicare payment changes on 

the total volume of each type of outpatient procedure in an HSA using the model in Equation 3 

with total surgical volume as the dependent variable. Results for this analysis are presented in 

Table A.4. We find no evidence that physicians changed surgical volume in response to 

Medicare’s changes in facility payments. This suggests that the observed changes in ASC 

utilization are being driven by substitution between facilities rather than induced demand.  

 

7. Conclusion 

In this paper, we examined patient outcomes in ASCs, one example of specialization in 

medicine. We showed that ASCs treat a healthier patient mix than hospitals, but estimates that 

include procedures performed by all physicians likely overstate the effect of cream skimming 

because physicians who refer physicians to both types of facilities have a very different patients 
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mix from those that only refer patients to one type of facility. However, even limiting our sample 

to a subset of physicians who work in both ASC and hospital sectors, healthier patients are much 

more likely to be treated in ASCs. Using exogenous changes in the ratio of ASC facility fees to 

hospital outpatient facility fees for Medicare patients between 2007 and 2009, we find that 

changes in payments that favor ASCs induce physicians to refer increasingly risky patients to 

ASCs. Further, these patients have better health outcomes in terms of inpatient admission and ER 

visits following an outpatient procedure.  

The findings in this paper provide insight into anticipated effects of recent changes in 

Medicare policies that increase hospital payments relative to ASC payments. We have shown 

that ASCs on average provide higher quality care for outpatient procedures than hospitals, and 

other research indicates that they do so at lower costs than hospitals (Munnich and Parente 2014). 

Reducing payments to ASCs appears to have limited growth in the ASC market, suggesting that 

policymakers are subsidizing hospitals at the expense of providing inexpensive, high quality care 

in ASCs.27 However, one way in which ASCs may provide superior care is through 

specialization. Table 1 indicates that the top 5 highest volume procedures in ASCs comprise over 

80 percent of all cases, whereas hospitals take on a much larger range of outpatient procedures. 

This may be due in part to limitations by insurance companies on what procedures are 

reimbursed in ASCs. In 2008, CMS began covering an additional 800 outpatient procedures in 

ASCs, including any surgical procedures other than those that pose a significant safety risk or 

generally require an overnight stay. If more procedures are offered at different types of facilities, 

patients will have greater flexibility over location of treatment, which could increase demand for 

ASCs and possibly outpatient care in general, and offset the slowing rate of ASC growth 

                                                
27 Dua and Fournier (2010, 2012) provide evidence that physicians and patients migrate to ASCs in response to declining quality 
in hospitals. The policy change we exploit in this analysis works in the opposite direction—declining ASC/hospital payment 
ratios lead to increased treatment in hospitals—alleviating concerns about possible confounding effects of this mechanism. 
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discussed in Section 2. On the other hand, if ASCs start providing more services, this could also 

negatively impact any gains from specialization observed in previous years.  

Our findings indicate that ASCs provide efficient, high quality care for high volume 

outpatient surgeries. However, we acknowledge that this may come at the cost of reducing 

revenue sources from hospitals, which provide services that may be socially important. While 

ASCs offer cost effective treatment and superior patient outcomes for a subset of outpatient 

procedures, acute care hospitals provide a wider range of outpatient services as well as 

unprofitable services that may be valuable to society. Hospital administrators argue that through 

decreased outpatient volume, hospitals are losing important revenue streams that subsidize less 

profitable procedures and patients. A number of papers have documented that increased 

competition with ASCs is associated with lower hospital outpatient volume and profit (Carey, 

Burgess, and Young, 2011; Courtemanche and Plotzke, 2010; Lynk and Longley, 2002; Bian and 

Morrisey, 2007), and anecdotal evidence suggests that hospitals respond to losing profitable 

cases to ASCs by raising prices for other hospital service lines (Berenson, Bodenheimer, Pham, 

2006; MedPAC, 2006). To date, proponents and critics of ASCs have predominantly voiced their 

appeals in isolation of one another, without acknowledging the trade-offs that exist between 

providing cost-effective, high quality care in ASCs, and subsidizing less profitable procedures 

and patients in hospitals. With less ability to cost shift across procedures, hospitals may reduce 

the amount of unprofitable services they provide or offer lower quality care overall in order to 

reduce costs. On the other hand, hospitals could increase use of profitable services that are not 

provided in ASCs or try to attract patients with other amenities. Both of these responses could 

lead to higher overall medical costs. 
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This illustrates a trade-off for health policy planners, between the superior and cheaper 

treatment patients receive in ASCs, and the subsidy these services provide for hospitals. While 

ASCs provide superior care at lower costs for a subset of outpatient services, hospitals provide a 

broader range of services and care for unprofitable patients. Future research should consider the 

effect of competition with ASCs on hospital finances as well as the quality and scope of the care 

that hospitals provide. Likewise, health care policies should jointly consider the more efficient, 

higher quality care provided in ASCs with the socially valued services that hospitals provide.  
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Figure 1 
Inpatient and Outpatient Surgery Volume in Community Hospitals, 1980-2011 

 

 
 

Source: American Hospital Association (2013)  
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Figure 2 
Percent of Outpatient Surgeries by Facility Type, 1981-2005 

 

Source: American Hospital Association (2008)  
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Figure 3 
Outpatient Surgeries by Patient’s Primary Insurance 

National Survey of Ambulatory Surgery 
 

Panel A: 1996 

 

Panel B: 2006 

 
Notes: “Other insurance” includes Worker’s Compensation, TRICARE, charity care, and 
other government insurance.   
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Figure 4 

Patient Risk Score Kernel Density Plots by Facility Type, All Procedures 
Medicare 5 Percent Claims, 2007-2009 

 
Notes: Sample size is 706,033 patient claims, restricted to patients with risk scores 
less than 4 (less than 1 percent of claims are from patients with risk scores greater 
than 4). Risk scores are based on concurrent weights calculated using the Johns 
Hopkins University ACG Case-Mix System (v. 10).  
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Figure 5 
ASC and Hospital Outpatient Payments (Nominal $), by Procedure 

Medicare 5 Percent Claims, 2007 & 2009 
 

Panel A: 2007 

 
Panel B: 2009 

Notes: Bubble size represents number of Medicare claims for a particular 
procedure, based on HSAs where with at least 10 claims in both ASCs and 
hospitals for a given procedure. Line is 45-degree line. Procedures performed by 
physicians who only treated patients in one type of facility (ASC or hospital) were 
omitted.  
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Table 1 
Descriptive Statistics for Outpatient Claims by Facility Type 
All Procedures, Medicare 5 Percent Claims Data, 2007-2009 

Means (Standard deviations) 
Physician Sample: All  Treats in Both  
Facility Type: All Hospitals ASCs  All Hospitals ASCs 
 (1) (2) (3)  (4) (5) (6) 
        
Patient Characteristics        
Age 71.28 70.85 73.58  72.60 72.35 72.79 
 (13.11) (13.64) (9.50)  (10.29) (11.11) (9.63) 
Female 0.608 0.605 0.624  0.611 0.613 0.609 
 (0.488) (0.489) (0.484)  (0.488) (0.487) (0.488) 
Black  0.098 0.105 0.064  0.071 0.076 0.068 
 (0.298) (0.306) (0.244)  (0.257) (0.265) (0.252) 
Hispanic 0.017 0.017 0.016  0.014 0.014 0.014 
 (0.129) (0.129) (0.126)  (0.117) (0.118) (0.116) 
ESRD as Primary Reason for  

Medicare Receipt    
0.029 0.033 0.008  0.013 0.020 0.008 

(0.169) (0.179) (0.092)  (0.114) (0.139) (0.091) 
Disability as Primary Reason for  

Medicare Receipt 
0.196 0.215 0.095  0.126 0.149 0.109 

(0.397) (0.411) (0.294)  (0.332) (0.356) (0.311) 
        

Type of Procedure        
Cataract Removal 0.066 0.027 0.276  0.120 0.097 0.137 
 (0.248) (0.161) (0.447)  (0.325) (0.295) (0.344) 
Colonoscopy 0.070 0.043 0.214  0.252 0.153 0.326 
 (0.255) (0.203) (0.410)  (0.434) (0.360) (0.469) 
Upper GI Endoscopy 0.048 0.037 0.108  0.160 0.157 0.163 
 (0.213) (0.188) (0.310)  (0.367) (0.364) (0.369) 
Minor Musculoskeletal 0.071 0.061 0.130  0.105 0.082 0.122 
 (0.258) (0.238) (0.337)  (0.307) (0.274) (0.328) 
Other Eye Procedure 0.024 0.010 0.098  0.039 0.030 0.046 
 (0.152) (0.100) (0.297)  (0.194) (0.171) (0.209) 
        
Number of Claims 4,534,825 3,825,431 709,394  623,309 267,879 355,430 
Notes: Procedures where physician identifier was missing were omitted. The physician sample “Treats in 
Both” indicates the sample of physicians for whom we observe patient claims in both ASCs and hospital 
outpatient departments.  
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Table 3 
Descriptive Statistics, ASC Treatment and Subsequent Hospital Visits  

Medicare 5% Claims, Top 5 Procedures, 2007-2009 
Means (Standard Deviations) 

 
ASC 

Inpatient Admission Emergency Room Visit 
Dependent Variable Same 

Day 
1-7 

Days 
8-30 
Days 

Same 
Day 

1-7 
Days 

8-30 
Days 

        
1st Quartile 0.860 0.001 0.007 0.024 0.002 0.012 0.035 
 (0.347) (0.027) (0.084) (0.154) (0.043) (0.110) (0.185) 
2nd Quartile 0.835 0.001 0.009 0.029 0.003 0.015 0.037 
 (0.371) (0.037) (0.096) (0.169) (0.053) (0.123) (0.189) 
3rd Quartile 0.651 0.001 0.010 0.032 0.003 0.016 0.043 
 (0.477) (0.035) (0.100) (0.175) (0.055) (0.127) (0.202) 
4th Quartile 0.467 0.001 0.012 0.040 0.005 0.018 0.048 

 (0.499) (0.036) (0.109) (0.196) (0.068) (0.133) (0.214) 
        
All Patients 0.703 0.001 0.010 0.031 0.003 0.015 0.041 
 (0.457) (0.034) (0.098) (0.174) (0.056) (0.123) (0.198) 
        
Observations 273,944 273,944 271,781 254,158 273,944 271,781 254,158 

Notes: Procedures performed by physicians who only treated patients in one type of facility (ASC or hospital) were 
omitted.  
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Table 4 
HSA Facility Payments in Nominal Dollars and Payment Ratios by Procedure, 2007-2009 

Medicare 5 Percent Carrier Claims and Hospital Outpatient Data 
Means (Standard Deviations) 

  2007 2008 2009 
Cataract Removal Average ASC Payment $962  $966  $960  
  ($87) ($73) ($76) 
 Average Hospital Payment $1,437  $1,515  $1,601  
  ($169) ($154) ($171) 
 Average Payment Ratio 0.689 0.691 0.640 
  (0.278) (0.053) (0.263) 
 Number of HSAs 308 294 286 
  

Colonoscopy Average ASC Payment $443  $419  $397  
  ($35) ($49) ($34) 
 Average Hospital Payment $545  $571  $602  
  ($57) ($61) ($64) 
 Average Payment Ratio 0.817 0.791 0.687 
  (0.086) (0.081) (0.036) 
 Number of HSAs 524 526 504 
     
Upper GI Endoscopy Average ASC Payment $434  $412  $387  
  ($51) ($45) ($39) 
 Average Hospital Payment $505  $534  $562  
  ($76) ($85) ($83) 
 Average Payment Ratio 0.883 0.857 0.737 
  (0.201) (0.179) (0.155) 
 Number of HSAs 428 251 252 
     
Minor Musculoskeletal  Average ASC Payment $329  $315  $304  
Procedures  ($38) ($47) ($43) 
 Average Hospital Payment $213  $216  $232  
  ($146) ($162) ($170) 
 Average Payment Ratio  2.620 2.557 2.28 
  (1.76) (1.715) (1.531) 
 Number of HSAs 455 481 489 
     
Other Eye Procedures Average ASC Payment $327  $302  $285  
  ($59) ($75) ($105) 
 Average Hospital Payment $943  $641  $733  
  ($742) ($482) ($576) 
 Average Payment Ratio 0.648 0.671 0.582 
  (0.530) (0.509) (0.474) 
 Number of HSAs 147 127 108 

Notes: Payment ratio is calculated by dividing the median ASC payment for each year by the 2007 median 
hospital payment, by Hospital Service Area and procedure; the average payments are calculated over HSA-level 
median values, for all HSAs with at least 10 claims in both ASCs and hospitals for a given procedure. 



 47 

Table 5 
OLS Regressions of ASC Share on Facility Payment Ratio for Top 5 Procedures by HSA 

Medicare 5 Percent Claims Data, 2007-2009 
  
Payment Ratio 0.0393*** 
 (0.0081) 
Colonoscopy -0.0912*** 
 (0.0204) 
Upper GI -0.2544*** 
 (0.0207) 
Minor Musculoskeletal -0.3458*** 
 (0.0210) 
Other Eye -0.1144*** 
 (0.0270) 
Year (2008) 0.0135*** 
 (0.0033) 
Year (2009) 0.0257*** 
 (0.0046) 
  
Mean of Dependent Variable 0.557 

(0.208) 
  
Observations 4,224 
R2 0.6978 
HSA Fixed Effects Yes 
Notes: Panels balanced by Hospital Service Area (HSA) across years, by 
procedure. Payment ratio is calculated by dividing the median ASC 
payment for each year by the median hospital payment in 2007, by HSA 
and procedure for all HSAs with at least 10 claims in both ASCs and 
hospitals for a given procedure. All estimates weighted by population of 
Medicare enrollee claims in each procedure-HSA-year cell. Standard 
errors, clustered by HSA, in parentheses. *** p<0.01, ** p<0.05, * 
p<0.1 
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Table 6 
ASC Treatment and Subsequent Hospital Visits by Risk Score Quartile, Top 5 Procedures 

 Linear Probability Model with Physician-Procedure Fixed Effects 
Medicare 5 Percent Claims, 2007-2009 

Notes: Controls include age <65, age 70-74, age 75-79, age 80-84, age 85+, black, female, Hispanic, and ESRD as 
the only reason for Medicare eligibility, as well year and physician-procedure fixed effects. Payment ratio is 
calculated by dividing the median ASC payment for each year by the median hospital payment in 2007, by Hospital 
Service Area (HSA) and procedure for all HSAs with at least 10 claims in both ASCs and hospitals for a given 
procedure. Procedures performed by physicians who only treated patients in one type of facility (ASC or hospital) 
were omitted. For regressions with 7- and 30-day measures as the dependent variable, observations that occurred 
within 7 and 30 days of the end of the calendar year (respectively) were omitted. Standard errors, clustered by HSA, 
in parentheses. 
  

Dependent Variable ASC 
Inpatient Admission Emergency Room Visit 

Same Day 1-7 Days 8-30 Days Same Day 1-7 Days 8-30 Days 
   2nd Quartile -0.0568*** -0.0006 0.0018 0.0037* 0.0005 0.0031** 0.0058** 
 (0.0071) (0.0005) (0.0011) (0.0022) (0.0006) (0.0014) (0.0028) 
   3rd Quartile -0.2828*** 0.0003 0.0037*** 0.0068*** 0.0018*** 0.0043*** 0.0076*** 
 (0.0112) (0.0003) (0.0012) (0.0020) (0.0006) (0.0013) (0.0024) 
   4th Quartile -0.4482*** 0.0002 0.0055*** 0.0157*** 0.0033*** 0.0064*** 0.0136*** 
 (0.0131) (0.0003) (0.0012) (0.0022) (0.0006) (0.0015) (0.0027) 
   1st Quartile*Pmt Ratio 0.0419** 0.0001 -0.0008 -0.0004 -0.0003 0.0001 -0.0003 
 (0.0183) (0.0002) (0.0012) (0.0022) (0.0005) (0.0014) (0.0029) 
   2nd Quartile*Pmt Ratio 0.0377** 0.0007 -0.0017 -0.0017 -0.0008 -0.0009 -0.0027 
 (0.0181) (0.0004) (0.0012) (0.0026) (0.0006) (0.0015) (0.0033) 
   3rd Quartile*Pmt Ratio 0.1086*** 0.0000 -0.0021** -0.0024 -0.0011** -0.0012 -0.0026 
 (0.0184) (0.0002) (0.0011) (0.0022) (0.0005) (0.0013) (0.0028) 
 4th Quartile*Pmt Ratio 0.1265*** 0.0000 -0.0026** -0.0030 -0.0012** -0.0025* -0.0038 

 (0.0179) (0.0002) (0.0011) (0.0023) (0.0005) (0.0014) (0.0028) 
        
   Observations 276,091 276,091 273,896 256,131 276,091 273,896 256,131 
   R2 0.5070 0.0867 0.0866 0.0961 0.1392 0.0857 0.0985 
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Table 7 
Two-Stage Least Squares Estimates of the Effect of ASC Treatment on Subsequent Hospital 

Visits by Risk Square Quartile, Top 5 Procedures 
Linear Probability Model with Physician-Procedure Fixed Effects 

Medicare 5 Percent Claims, 2007-2009 
(Standard Error)[First Stage F-Statistic] 

 Inpatient Admission Emergency Room Visit 
Dependent Variable 0 Days 1-7 Days 8-30 Days 0 Days 1-7 Days 8-30 Days 
       
     1st Quartile*ASC 0.0442 -0.0836 -0.0881 -0.0375 -0.0457 -0.1526 
 (0.0286) (0.0635) (0.1446) (0.0326) (0.0896) (0.1880) 
 [97.10] [95.96] [89.49] [97.10] [95.96] [89.49] 
     2nd Quartile*ASC -0.1362 0.1855 0.2553 0.0859 0.1495 0.4863 
 (0.0941) (0.1699) (0.4321) (0.0964) (0.2636) (0.5810) 
 [15.09] [14.99] [12.70] [15.09] [14.99] [12.70] 
     3rd Quartile*ASC 0.0076 -0.0309** -0.0386 -0.0164** -0.0232 -0.0529 
 (0.0057) (0.0150) (0.0331) (0.0072) (0.0204) (0.0419) 
 [1003.74] [1001.20] [928.50] [1003.74] [1001.20] [928.50] 
     4th Quartile*ASC 0.0048 -0.0288** -0.0367 -0.0136** -0.0307* -0.0529* 
 (0.0039) (0.0115) (0.0227) (0.0058) (0.0166) (0.0287) 
 [693.35] [686.51] [671.38] [693.35] [686.51] [671.38] 
       
     Observations 273,955 271,781 254,158 273,955 271,781 254,158 
     R-squared 0.0781 0.0772 0.0863 0.0897 0.0762 0.0905 

Notes: Controls include age <65, age 70-74, age 75-79, age 80-84, age 85+, black, female, Hispanic, ESRD as the 
only reason for Medicare eligibility, and quartile dummy variables, as well year and physician-procedure fixed 
effects. Payment ratio is calculated by dividing the median ASC payment for each year by the median hospital 
payment in 2007, by Hospital Service Area (HSA) and procedure for all HSAs with at least 10 claims in both ASCs 
and hospitals for a given procedure. Procedures performed by physicians who only treated patients in one type of 
facility (ASC or hospital) were omitted. For regressions with 7- and 30-day measures as the dependent variable, 
observations that occurred within 7 and 30 days of the end of the calendar year (respectively) were omitted. 
Standard errors, clustered by HSA, in parentheses. 
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Table A.1 
First Stage Estimates of Effect of ASC Payments on ASC Treatment  

By Risk Score Quartile, Top 5 Procedures 
 Linear Probability Model with Physician-Procedure Fixed Effects 

Medicare 5 Percent Claims, 2007-2009 

Dependent Variable 1st Quartile* ASC 2nd Quartile* ASC 3rd Quartile* ASC 4th Quartile* ASC 

     
1st Quartile*Payment Ratio 0.0384*** 0.0113*** -0.0084 0.0006 
 (0.0082) (0.0032) (0.0060) (0.0052) 
2nd Quartile*Payment Ratio 0.0244*** 0.0036 0.0038 0.0059 
 (0.0076) (0.0076) (0.0059) (0.0056) 
3rd Quartile*Payment Ratio 0.0169** 0.0097*** 0.0780*** 0.0040 
 (0.0073) (0.0030) (0.0070) (0.0055) 
4th Quartile*Payment Ratio 0.0183*** 0.0094*** -0.0029 0.1017*** 
 (0.0069) (0.0031) (0.0062) (0.0079) 
     
F-Statistic 97.10 15.09 1003.74 693.35 
Observations 273,955 273,955 192,421 192,421 
R-squared 0.6882 0.5551 0.6710 0.5443 

Notes: Controls include age <65, age 70-74, age 75-79, age 80-84, age 85+, black, female, Hispanic, ESRD as the 
only reason for Medicare eligibility, and quartile dummy variables, as well year and physician-procedure fixed effects. 
Payment ratio is calculated by dividing the median ASC payment for each year by the median hospital payment in 
2007, by Hospital Service Area (HSA) and procedure for all HSAs with at least 10 claims in both ASCs and hospitals 
for a given procedure. Procedures performed by physicians who only treated patients in one type of facility (ASC or 
hospital) were omitted. For regressions with 7- and 30-day measures as the dependent variable, observations that 
occurred within 7 and 30 days of the end of the calendar year (respectively) were omitted. Standard errors, clustered 
by HSA, in parentheses. 
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Table A.2 
Two-Stage Least Squares Estimates of the Effect of ASC Treatment on Adverse Events 

By Risk Square Quartile, Top 5 Procedures 
Linear Probability Model with Physician-Procedure Fixed Effects 

Medicare 5 Percent Claims, 2007-2009 
(Standard Error)[First Stage F-Statistic]{Mean of Dependent Variable} 

 Emergency Room Visit for Adverse Event 
Dependent Variable 0 Days 1-7 Days 8-30 Days 
    
     1st Quartile*ASC -0.0001 0.0247 -0.0768 
 (0.0129) (0.0491) (0.1114) 
 [97.10] [95.96] [89.49] 
 {0.000} {0.004} {0.012} 
     2nd Quartile*ASC -0.0097 0.0585 0.3528 
 (0.0416) (0.1269) (0.3623) 
 [15.09] [14.99] [12.70] 
 {0.001} {0.005} {0.013} 
     3rd Quartile*ASC -0.0020 -0.0081 -0.0320 
 (0.0026) (0.0111) (0.0254) 
 [1003.74] [1001.20] [928.50] 
 {0.001} {0.005} {0.014} 
     4th Quartile*ASC -0.0019 -0.0039 -0.0212 
 (0.0020) (0.0089) (0.0173) 
 [693.35] [686.51] [671.38] 
 {0.001} {0.007} {0.018} 
    
     Observations 273,955 271,781 254,158 
     R-squared 0.0742 0.0802 0.0851 
Notes: Adverse events are defined using ICD-9-CM Adverse Event Codes from the 
Utah/Missouri Patient Safety Project. For 7- and 30-day measures, observations that occurred 
within 7 and 30 days of the end of the calendar year (respectively) were omitted. Controls include 
age <65, age 70-74, age 75-79, age 80-84, age 85+, black, female, Hispanic, ESRD as the only 
reason for Medicare eligibility, and quartile dummy variables, as well year and physician-
procedure fixed effects. Payment ratio is calculated by dividing the median ASC payment for 
each year by the median hospital payment in 2007, by Hospital Service Area (HSA) and 
procedure for all HSAs with at least 10 claims in both ASCs and hospitals for a given procedure. 
Procedures performed by physicians who only treated patients in one type of facility (ASC or 
hospital) were omitted. For regressions with 7- and 30-day measures as the dependent variable, 
observations that occurred within 7 and 30 days of the end of the calendar year (respectively) 
were omitted. Standard errors, clustered by HSA, in parentheses. Standard errors, clustered by 
HSA, in parentheses.  
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Table A.3 
Two-Stage Least Squares Estimates of the Effect of ASC Treatment on Inpatient Hospital 

Admission by Risk Square Quartile, Corrective Procedures 
Linear Probability Model with Physician-Procedure Fixed Effects 

Medicare 5 Percent Claims, 2007-2009 
(Standard Error)[First Stage F-Statistic] 

 Inpatient Admission 
Dependent Variable 0 Days 1-7 Days 8-30 Days 
    
     1st Quartile*ASC 0.0002 -0.0315 -0.0395 
 (0.0036) (0.0239) (0.0435) 
 [194.54] [192.54] [185.35] 
     2nd Quartile*ASC 0.0174 -0.0469* -0.0733 
 (0.0111) (0.0255) (0.0605) 
 [59.21] [58.10] [54.33] 
     3rd Quartile*ASC 0.0011 -0.0155** -0.0187 
 (0.0012) (0.0075) (0.0175) 
 [1356.44] [1352.31] [1258.93] 
     4th Quartile*ASC 0.0008 -0.0101 -0.0098 
 (0.0009) (0.0068) (0.0164) 
 [903.24] [896.66] [879.02] 
    
     Observations 95,371 94,609 88,311 
     R-squared 0.0496 0.0739 0.0853 
Notes: Corrective procedures include cataract removal, minor musculoskeletal, and other eye 
procedures. Controls include age <65, age 70-74, age 75-79, age 80-84, age 85+, black, 
female, Hispanic, ESRD as the only reason for Medicare eligibility, and quartile dummy 
variables, as well year and physician-procedure fixed effects. Payment ratio is calculated by 
dividing the median ASC payment for each year by the median hospital payment in 2007, by 
Hospital Service Area (HSA) and procedure for all HSAs with at least 10 claims for each 
procedure in both ASCs and hospitals. Procedures performed by physicians who only treated 
patients in one type of facility (ASC or hospital) were omitted. For regressions with 7- and 
30-day measures as the dependent variable, observations that occurred within 7 and 30 days 
of the end of the calendar year (respectively) were omitted. Standard errors, clustered by 
HSA, in parentheses. Standard errors, clustered by HSA, in parentheses.  
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Table A.4 
OLS Regressions of Surgical Volume on Facility Payment Ratio for Top 5 Procedures by HSA 

Medicare 5 Percent Claims Data, 2007-2009 
  
Payment Ratio 2.45 
 (5.44) 
Colonoscopy 18.35* 
 (10.22) 
Upper GI -69.04*** 
 (9.43) 
Minor Musculoskeletal 44.07** 
 (18.27) 
Other Eye -161.57*** 
 (27.22) 
Year (2008) -4.16** 
 (1.99) 
Year (2009) -5.36** 
 (2.52) 
  
Mean of Dependent Variable 146.69 

(127.86) 
  
Observations 4,224 
R2 0.9006 
HSA Fixed Effects Yes 

Notes: Panels balanced by Hospital Service Area (HSA) across years, by 
procedure. Payment ratio is calculated by dividing the median ASC 
payment for each year by the median hospital payment in 2007, by HSA 
and procedure for all HSAs with at least 10 claims in both ASCs and 
hospitals for a given procedure. All estimates weighted by population of 
Medicare enrollee claims in each procedure-HSA-year cell. Standard 
errors, clustered by HSA, in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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BACKGROUND
Colonoscopy and sigmoidoscopy provide protection against colorectal cancer, but 
the magnitude and duration of protection, particularly against cancer of the proximal 
colon, remain uncertain.
METHODS
We examined the association of the use of lower endoscopy (updated biennially 
from 1988 through 2008) with colorectal-cancer incidence (through June 2010) and 
colorectal-cancer mortality (through June 2012) among participants in the Nurses’ 
Health Study and the Health Professionals Follow-up Study.
RESULTS
Among 88,902 participants followed over a period of 22 years, we documented 1815 
incident colorectal cancers and 474 deaths from colorectal cancer. With endoscopy 
as compared with no endoscopy, multivariate hazard ratios for colorectal cancer were 
0.57 (95% confidence interval [CI], 0.45 to 0.72) after polypectomy, 0.60 (95% CI, 0.53 
to 0.68) after negative sigmoidoscopy, and 0.44 (95% CI, 0.38 to 0.52) after negative 
colonoscopy. Negative colonoscopy was associated with a reduced incidence of proxi-
mal colon cancer (multivariate hazard ratio, 0.73; 95% CI, 0.57 to 0.92). Multivariate 
hazard ratios for death from colorectal cancer were 0.59 (95% CI, 0.45 to 0.76) after 
screening sigmoidoscopy and 0.32 (95% CI, 0.24 to 0.45) after screening colonoscopy. 
Reduced mortality from proximal colon cancer was observed after screening colonos-
copy (multivariate hazard ratio, 0.47; 95% CI, 0.29 to 0.76) but not after sigmoidos-
copy. As compared with colorectal cancers diagnosed in patients more than 5 years 
after colonoscopy or without any prior endoscopy, those diagnosed in patients within 
5 years after colonoscopy were more likely to be characterized by the CpG island 
methylator phenotype (CIMP) (multivariate odds ratio, 2.19; 95% CI, 1.14 to 4.21) and 
microsatellite instability (multivariate odds ratio, 2.10; 95% CI, 1.10 to 4.02).
CONCLUSIONS
Colonoscopy and sigmoidoscopy were associated with a reduced incidence of cancer 
of the distal colorectum; colonoscopy was also associated with a modest reduction in 
the incidence of proximal colon cancer. Screening colonoscopy and sigmoidoscopy 
were associated with reduced colorectal-cancer mortality; only colonoscopy was as-
sociated with reduced mortality from proximal colon cancer. Colorectal cancer diag-
nosed within 5 years after colonoscopy was more likely than cancer diagnosed after 
that period or without prior endoscopy to have CIMP and microsatellite instability. 
(Funded by the National Institutes of Health and others.)
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Randomized, controlled trials have 
shown that screening with flexible sig-
moidoscopy reduces the incidence of 

colorectal cancer and associated mortality, albeit 
with diminished effectiveness for cancers of the 
proximal colon.1-3 Although comparable data from 
randomized, controlled trials of screening colo-
noscopy are not yet available,4 colonoscopy is 
also widely endorsed by expert bodies for popu-
lation-based screening, largely on the basis of 
case–control studies that show associations with 
reduced colorectal-cancer incidence and mortal-
ity.5-9 However, as with flexible sigmoidoscopy, 
there is uncertainty about the effectiveness of 
colonoscopy in reducing the incidence of and 
mortality associated with proximal colon can-
cer10-19 and about the frequency and interval at 
which testing should be offered.5-9 Moreover, it 
remains unclear why a considerable proportion 
of colorectal cancers are diagnosed in persons 
who have recently undergone colonoscopy.5 Such 
cancers may result from missed lesions or from 
the rapid progression of new neoplasia,20-25 which 
may be associated with specific molecular char-
acteristics.25

To address these uncertainties, we conducted 
a prospective analysis of the association between 
lower gastrointestinal endoscopy and the long-
term risk of incident colorectal cancer in two 
large U.S. cohorts prospectively followed over a 
period of 22 years. We also comprehensively 
examined the molecular features in a subset of 
tumors.

ME THODS

STUDY POPULATION

We used data from two prospective cohort stud-
ies: the Nurses’ Health Study, which included 
121,700 U.S. female nurses, 30 to 55 years of age 
at enrollment in 1976; and the Health Profession-
als Follow-up Study, which included 51,529 U.S. 
male health professionals, 40 to 75 years of age 
at enrollment in 1986.26,27 The return of mailed 
questionnaires was considered to constitute writ-
ten informed consent.

The study protocol was approved by the insti-
tutional review boards of the Harvard School of 
Public Health and Brigham and Women’s Hospi-
tal. The authors assume full responsibility for 
the analyses and interpretation of these data.

ASSESSMENT OF LOWER ENDOSCOPY  
AND POLYPECTOMY

Details of the endoscopy assessment are provid-
ed in the Supplementary Appendix, available with 
the full text of this article at NEJM.org. In both 
cohorts, beginning in 1988 and continuing 
through 2008, as part of a questionnaire admin-
istered every 2 years, participants were asked 
whether they had undergone either sigmoidos-
copy or colonoscopy and, if so, the reason for the 
investigation. In 2004, we additionally collected 
comprehensive information on whether previously 
reported lower endoscopies were colonoscopies 
or sigmoidoscopies.26,27 Every cycle thereafter, 
responses for sigmoidoscopy and colonoscopy 
were recorded separately.

When participants reported a diagnosis of 
colorectal polyps, consent was obtained to re-
view medical records and pathology reports.26,27 
Study physicians, who were unaware of all the 
data obtained from the questionnaires, con-
firmed adenomatous polyps. Persons with polyps 
that met one or more of the criteria for advanced 
adenoma (≥10 mm in diameter, tubulovillous or 
villous histologic features, or high-grade dyspla-
sia) and persons with three or more adenomatous 
polyps were classified as having high-risk ade-
noma.5 Colonoscopic polypectomy was defined 
as the excision of one or more confirmed adeno-
matous polyps, excluding hyperplastic polyps. 
A negative endoscopy was defined as a proce-
dure that did not result in the diagnosis of ade-
nomas or colorectal cancer.

COLORECTAL-CANCER ASCERTAINMENT  
AND MOLECULAR ANALYSES

Detailed descriptions of cancer ascertainment 
and molecular analyses are provided in the Sup-
plementary Appendix. A diagnosis of colorectal 
cancer was confirmed with the use of the Na-
tional Death Index, medical records, and pathol-
ogy reports. We extracted DNA from paraffin-
embedded tumor specimens and normal tissue 
specimens. Microsatellite instability status and 
mutation status for BRAF (codon 600), KRAS 
(codons 12 and 13), and PIK3CA (exons 9 and 20) 
were determined as previously described.28,29 
DNA methylation was quantified at eight CpG 
island methylator phenotype (CIMP)–specific 
promoters (CACNA1G, CDKN2A [p16], CRABP1, IGF2, 
MLH1, NEUROG1, RUNX3, and SOCS1) and in long 
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interspersed nucleotide element 1 (LINE-1), with 
the use of the MethyLight technique or pyrose-
quencing.28,30

STATISTICAL ANALYSIS

A detailed description of the statistical analysis 
is provided in the Supplementary Appendix. We 
followed participants from the month of return 
of the 1988 baseline questionnaire through June 
2010 for the incidence analysis and through June 
2012 for the mortality analysis. We excluded par-
ticipants with a baseline history of cancer (except 
for nonmelanoma skin cancer), ulcerative colitis, 
colorectal polyps, familial polyposis syndromes, 
or previous lower endoscopy (Fig. S1 in the Sup-
plementary Appendix). We used Cox proportional-
hazards models to calculate hazard ratios and 
95% confidence intervals. All analyses were strati-
fied according to age (in months), sex (in the 
combined cohort analysis), and calendar year of 
the questionnaire cycle. Multivariate models were 
adjusted for known or suspected risk factors for 
colorectal cancer, listed in Table 1.

For the incidence analysis, to minimize the 
influence of endoscopies performed for the diag-
nostic evaluation of colorectal cancer, we exam-
ined the association of endoscopy status reported 
on the biennial questionnaire before the diagno-
sis of colorectal cancer, death from any cause, or 
the end of follow-up, whichever came first. We 
used the most recently updated information for 
all variables before each 2-year follow-up and 
treated all variables as time-varying to account 
for changes during follow-up. For the mortality 
analysis, we evaluated the association of screen-
ing sigmoidoscopy or screening colonoscopy with 
mortality on the basis of the endoscopy status 
reported up to and including the date of diagno-
sis of colorectal cancer, death from any cause, or 
the last follow-up cycle, whichever came first.

We calculated the population-attributable risk, 
estimated as the proportion of incident colorec-
tal cancers that would have been prevented in 
our population if all participants had undergone 
colonoscopy (with negative results or polypec-
tomy) at least once and risk factors had not 
changed.31 We also conducted a case–case analy
sis using a logistic-regression model to examine 
whether specific molecular features were associ-
ated with cancer occurring within 5 years after 
colonoscopy. All statistical analyses were two-

sided, and a P value of less than 0.05 was con-
sidered to indicate statistical significance.

R ESULT S

INCIDENT COLORECTAL CANCER 

Among 88,902 participants (31,736 men and 
57,166 women), we documented a total of 1815 
incident cases of colorectal cancer (in 714 men 
and 1101 women) during 22 years of follow-up, 
encompassing a total of 1,738,396 person-years. 
Age-adjusted demographic characteristics at the 
midpoint of follow-up (1998), according to en-
doscopy status, are described in Table 1.

In the combined cohorts, the multivariate haz-
ard ratios for colorectal cancer among partici-
pants who had undergone endoscopy, as com-
pared with those who had not, were 0.57 (95% 
confidence interval [CI], 0.45 to 0.72) after re-
moval of adenomatous polyps, 0.60 (95% CI, 
0.53 to 0.68) after negative sigmoidoscopy, and 
0.44 (95% CI, 0.38 to 0.52) after negative colo-
noscopy (Table 2). These associations were con-
sistent among men and women and were evident 
for all disease stages at presentation. A reduced 
incidence of distal colorectal cancer was observed 
with polypectomy (multivariate hazard ratio, 0.40; 
95% CI, 0.27 to 0.59), negative sigmoidoscopy 
(multivariate hazard ratio, 0.44; 95% CI, 0.36 to 
0.53), and negative colonoscopy (multivariate haz-
ard ratio, 0.24; 95% CI, 0.18 to 0.32). However, 
only negative colonoscopy was associated with a 
significantly reduced risk of proximal colon can-
cer (multivariate hazard ratio, 0.73; 95% CI, 0.57 
to 0.92).

In analyses restricted to endoscopy for screen-
ing, the results were similar to those obtained in 
our analyses of endoscopy for any indication 
(Table S1 in the Supplementary Appendix). In 
addition, we observed consistent results in the 
analysis that used propensity-score adjustment 
and in the subanalyses excluding cases of colorec-
tal cancer diagnosed within 2 years after a previ-
ously reported initial endoscopy and excluding 
those for which the participant or medical record 
indicated that the diagnosis had been made at 
the initial screening endoscopy (Table S2 in the 
Supplementary Appendix). We estimated that the 
population-attributable risk of colorectal cancer 
(the proportion of incident cancers that would 
have been prevented with colonoscopy) was 40% 
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(95% CI, 32 to 46) for all colorectal cancers, 22% 
(95% CI, 10 to 34) for proximal colon cancers, 
and 61% (95% CI, 52 to 69) for distal colorectal 
cancers.

SCREENING COLONOSCOPY INTERVAL 

To gain insight into the recommended screening 
interval for low-risk persons, we evaluated 
colorectal-cancer incidence according to the time 
since the last negative colonoscopy (Table 3). The 
multivariate hazard ratios for colorectal cancer 
were 0.35 (95% CI, 0.28 to 0.45) for an interval of 
3.0 years or less after a negative colonoscopy as 
compared with no endoscopy, 0.40 (95% CI, 0.31 
to 0.52) for 3.1 to 5.0 years, 0.52 (95% CI, 0.38 to 
0.70) for 5.1 to 10.0 years, and 0.26 (95% CI, 0.12 
to 0.59) for 10.1 to 15.0 years. In addition, re-
duced risks were observed up to 15.0 years after 
the last negative colonoscopy for both proximal 
colon cancer (multivariate hazard ratio for 5.1 to 
15.0 years, 0.60; 95% CI, 0.38 to 0.94) and distal 
colorectal cancer (multivariate hazard ratio for 
5.1 to 15.0 years, 0.35; 95% CI, 0.22 to 0.54).

SURVEILLANCE COLONOSCOPY INTERVAL

Among participants who had undergone endos-
copy with removal of adenomatous polyps, as 
compared with those who had not undergone en-
doscopy, a lower incidence of colorectal cancer 
was observed with a surveillance interval of 3.0 
years or less (multivariate hazard ratio, 0.48; 95% 
CI, 0.33 to 0.69) and with an interval of 3.1 to 5.0 
years (multivariate hazard ratio, 0.49; 95% CI, 
0.33 to 0.73) (Table S3 in the Supplementary Ap-
pendix). Similar risks across time intervals were 
observed among participants with a history of 
adenoma in the proximal colon or distal colorec-
tum. For participants with high-risk adenoma, 
the association was attenuated and of shorter du-
ration, with a multivariate hazard ratio of 0.70 
(95% CI, 0.43 to 1.14) for colonoscopy performed 
within 3.1 to 5.0 years after the last colonoscopy.

SUBGROUP ANALYSES

The inverse association of colonoscopy with 
colorectal cancer appeared to be similar across 
subgroups defined according to age, body-mass 
index, smoking status, and status with respect to 
regular use of aspirin (Table S4 in the Supple-
mentary Appendix). Among participants with a 
family history of colorectal cancer, a significant 
association was no longer observed beyond 5 years 

after colonoscopy (multivariate hazard ratio, 0.91; 
95% CI, 0.55 to 1.52). By contrast, there was a 
sustained association beyond 5 years among per-
sons without a family history of colorectal cancer 
(multivariate hazard ratio, 0.43; 95% CI, 0.32 to 
0.58) (P = 0.04 for interaction).

LIFETIME COLONOSCOPY HISTORY AND CANCER 
INCIDENCE

We considered only negative colonoscopies that 
occurred at least 4 years apart to account for re-
peat examinations performed within a shorter 
interval owing to inadequate bowel preparation. 
As compared with no endoscopy, the multivari-
ate hazard ratios for colorectal cancer were 0.43 
(95% CI, 0.35 to 0.51) after one negative colonos-
copy, 0.32 (95% CI, 0.22 to 0.48) after two nega-
tive colonoscopies, and 0.23 (95% CI, 0.08 to 
0.67) after three negative colonoscopies (Table S5 
in the Supplementary Appendix).

MOLECULAR CHARACTERISTICS OF CANCERS

We identified 62 cancers diagnosed within 5 years 
after colonoscopy for which molecular data were 
available (Table S6 in the Supplementary Appen-
dix). As compared with cancers diagnosed in pa-
tients more than 5 years after colonoscopy or 
without any prior endoscopy, those diagnosed in 
patients within 5 years after colonoscopy were 
more likely to be characterized by CIMP (multi-
variate odds ratio, 2.19; 95% CI, 1.14 to 4.21), mi-
crosatellite instability (multivariate odds ratio, 2.10; 
95% CI, 1.10 to 4.02), and an increased LINE-1 
methylation level (multivariate odds ratio for each 
30% increment, 3.21; 95% CI, 1.29 to 8.00). BRAF, 
KRAS, and PIK3CA mutations were not signifi-
cantly associated with cancer diagnosed within 
5 years after colonoscopy.

MORTALITY AFTER SCREENING ENDOSCOPY

During follow-up, we identified a total of 474 
deaths attributable to colorectal cancer. We ob-
served lower mortality from colorectal cancer 
among participants who had undergone screen-
ing sigmoidoscopy (multivariate hazard ratio, 
0.59; 95% CI, 0.45 to 0.76) and among those who 
had undergone screening colonoscopy (multi-
variate hazard ratio, 0.32; 95% CI, 0.24 to 0.45) 
than among those who had never undergone 
screening endoscopy (Table 4). Screening colo-
noscopy was associated with reduced mortality 
from both distal colorectal cancer (multivariate 
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hazard ratio, 0.18; 95% CI, 0.10 to 0.31) and prox-
imal colon cancer (multivariate hazard ratio, 0.47; 
95% CI, 0.29 to 0.76), whereas screening sig-
moidoscopy was associated only with reduced 
mortality from distal colorectal cancer (multivari-
ate hazard ratio, 0.31; 95% CI, 0.20 to 0.49).

DISCUSSION

In two large, U.S. prospective cohort studies, we 
found that the long-term incidence of colorectal 
cancer was lower among men and women who 
had a history of negative sigmoidoscopy, negative 
colonoscopy, or polypectomy for adenoma than 

among those who had no history of endoscopy. 
Negative colonoscopy was associated with a 
lower incidence of both distal colorectal cancer 
and proximal colon cancer, whereas negative 
sigmoidoscopy and colonoscopy with polypec-
tomy were associated primarily with a lower in-
cidence of distal colorectal cancer. We estimated 
that 40% of colorectal cancers (including 61% of 
distal colorectal cancers and 22% of proximal 
colon cancers) that developed during follow-up 
would have been prevented if all the participants 
in our study had undergone colonoscopy. More-
over, screening sigmoidoscopy and screening 
colonoscopy were associated with lower mortality 

Table 2. Incident Colorectal Cancer after No Lower Endoscopy, Negative Lower Endoscopy, or Polypectomy.*

Variable
No Lower
Endoscopy Polypectomy

Negative
Sigmoidoscopy

Negative
Colonoscopy

All participants

No. of person-yr 980,154 72,375 381,093 304,774

No. of cases of colorectal cancer 1164 82 348 221

Age-adjusted incidence rate† 45.7 31.4 19.3 14.1

Age-adjusted hazard ratio (95% CI) 1.00 0.60 (0.47–0.76) 0.59 (0.52–0.66) 0.44 (0.37–0.51)

Multivariate hazard ratio (95% CI)‡ 1.00 0.57 (0.45–0.72) 0.60 (0.53–0.68) 0.44 (0.38–0.52)

Disease stage§

I or II

No. of cases 484 38 143 89

Age-adjusted hazard ratio (95% CI) 1.00 0.68 (0.48–0.96) 0.57 (0.47–0.69) 0.42 (0.32–0.54)

Multivariate hazard ratio (95% CI)‡ 1.00 0.62 (0.44–0.88) 0.57 (0.47–0.70) 0.41 (0.32–0.53)

III

No. of cases 253 12 72 41

Age-adjusted hazard ratio (95% CI) 1.00 0.43 (0.23–0.81) 0.59 (0.45–0.77) 0.40 (0.28–0.58)

Multivariate hazard ratio (95% CI)‡ 1.00 0.43 (0.23–0.80) 0.62 (0.47–0.81) 0.42 (0.29–0.62)

IV

No. of cases 159 7 55 26

Age-adjusted hazard ratio (95% CI) 1.00 0.34 (0.15–0.74) 0.66 (0.48–0.91) 0.35 (0.22–0.55)

Multivariate hazard ratio (95% CI)‡ 1.00 0.34 (0.15–0.75) 0.70 (0.51–0.97) 0.36 (0.23–0.58)

Tumor location¶

Proximal colon

No. of cases 379 40 179 119

Age-adjusted hazard ratio (95% CI) 1.00 0.88 (0.63–1.25) 0.90 (0.75–1.08) 0.72 (0.57–0.92)

Multivariate hazard ratio (95% CI)‡ 1.00 0.83 (0.59–1.18) 0.92 (0.77–1.11) 0.73 (0.57–0.92)

Distal colorectum

No. of cases 650 28 136 61

Age-adjusted hazard ratio (95% CI) 1.00 0.41 (0.28–0.61) 0.43 (0.35–0.52) 0.24 (0.18–0.31)

Multivariate hazard ratio (95% CI)‡ 1.00 0.40 (0.27–0.59) 0.44 (0.36–0.53) 0.24 (0.18–0.32)
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from colorectal cancer, as compared with no en-
doscopy, although only screening colonoscopy 
was associated with lower mortality from proxi-
mal colon cancer.

Previous randomized, controlled trials have 
had inconsistent findings regarding the influ-
ence of sigmoidoscopy on the incidence of proxi-
mal colon cancer,1-3,32 probably owing to differ-
ences in subsequent exposure to colonoscopy. In 
the U.K. Flexible Sigmoidoscopy Screening Trial, 
no reduction in the incidence of proximal cancer 
was detected; however, only 5% of participants 
underwent follow-up colonoscopy on the basis 
of sigmoidoscopic findings.2 By contrast, the 
Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial showed a 14% reduction in the 
incidence of proximal colon cancer, potentially 
owing to the 21.9% of participants who under-
went colonoscopy for follow-up of sigmoido-
scopic findings or outside the study protocol.1 
As is consistent with the findings in previous 
randomized, controlled trials,2,3 our results sug-
gest that screening sigmoidoscopy alone is prob-

ably insufficient for reducing the incidence of 
proximal colon cancer and associated mortality.

Our results are consistent with the findings 
of the National Polyp Study, which showed a 
lower incidence of colorectal cancer among per-
sons after colonoscopic polypectomy, as com-
pared with population-based estimates of ex-
pected rates.16,33 Our study expands on these 
results, since we were able to directly compare 
actual incidences of cancer among persons after 
polypectomy with the incidences among persons 
from the same background population who did 
not undergo endoscopy, while adjusting for po-
tential confounders. We did not observe a sig-
nificantly reduced incidence of proximal colon 
cancer in association with polypectomy. This re-
sult might be due, in part, to limited statistical 
power. Alternatively, the presence of an adenoma 
may be a marker of an increased risk of subse-
quent proximal colon cancer that is not com-
pletely mitigated by polypectomy. A recent case–
control study also showed a smaller reduction in 
the incidence of proximal colon cancer, as com-

Table 2. (Continued.)

Variable
No Lower
Endoscopy Polypectomy

Negative
Sigmoidoscopy

Negative
Colonoscopy

Men

No. of person-yr 318,287 31,455 120,016 114,284

No. of cases of colorectal cancer 471 38 109 96

Age-adjusted hazard ratio (95% CI) 1.00 0.55 (0.39–0.78) 0.47 (0.37–0.58) 0.46 (0.36–0.58)

Multivariate hazard ratio (95% CI)‡ 1.00 0.52 (0.37–0.74) 0.47 (0.38–0.59) 0.46 (0.36–0.58)

Women

No. of person-yr 661,868 40,921 261,077 190,490

No. of cases of colorectal cancer 693 44 239 125

Age-adjusted hazard ratio (95% CI) 1.00 0.63 (0.46–0.86) 0.66 (0.57–0.77) 0.42 (0.34–0.52)

Multivariate hazard ratio (95% CI)‡ 1.00 0.61 (0.44–0.83) 0.69 (0.59–0.81) 0.43 (0.35–0.54)

*	Endoscopy status was assigned on the basis of the biennial questionnaire that was returned before a diagnosis of colorectal cancer, death 
from any cause, or the end of follow-up, whichever came first. Negative sigmoidoscopy and negative colonoscopy were defined as lower  
endoscopy without detection of an adenoma.

†	Age-adjusted incidence rates (per 100,000 person-years) were standardized to the age distribution of the population.
‡	Models were further adjusted for body-mass index (<25.0 vs. 25.0–29.9 vs. ≥30.0), smoking status (never smoked vs. former smoker vs. cur-

rent smoker), status with respect to a history of colorectal cancer in a first-degree relative, status with respect to regular use of aspirin, 
physical activity level (quintiles of mean METs per week), red-meat intake (quintiles of servings per day), total caloric intake (quintiles of ki-
localories per day), alcohol intake (0 or quartiles of grams per day), folate intake (quintiles of micrograms per day), calcium intake (quintiles 
of milligrams per day), and status with respect to current multivitamin use, nonsteroidal antiinflammatory drug use, cholesterol-lowering 
drug use, and postmenopausal hormone use (for women only).

§	Data on disease stage were available for 1379 of 1815 participants (76%): 896 participants who had not undergone lower endoscopy, 
57 who had undergone polypectomy, 270 who had negative findings on sigmoidoscopy, and 156 who had negative findings on colonoscopy.

¶	Data on tumor location were available for 1592 of 1815 participants (88%): 1029 participants who had not undergone lower endoscopy, 
68 who had undergone polypectomy, 315 who had negative findings on sigmoidoscopy, and 180 who had negative findings on colonoscopy.
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pared with distal colorectal cancer, after polyp-
ectomy.14

In our analysis, negative colonoscopy was as-
sociated with a significantly reduced incidence 
of distal colorectal cancer or proximal colon 
cancer up to 15 years after the procedure. Previ-
ous estimates of the duration of protection as-
sociated with a negative colonoscopy have varied 
widely, ranging from 5 to 20 years.11-13,34 These 
inconsistent results may be due to relatively short 
follow-up12,13,34 or the limitations of a case–con-
trol design,11 including biases related to selection 
of controls. Our findings support the 10-year ex-
amination interval recommended by existing 
guidelines for persons at average risk who have 
a negative colonoscopy.5-9 Our study suggests that 
even a single negative colonoscopy is associated 
with a very low long-term risk of colorectal can-
cer.2,3 However, our data support screening at 
more frequent intervals for persons with a fam-
ily history of colorectal cancer.

Among participants with a history of adeno-
ma, we observed a reduced incidence of cancer 
up to 5 years after colonoscopy, which supports 
current surveillance guidelines.5,6 However, we 
found that the apparent reduction in risk was 
attenuated among participants with high-risk 
adenomas, a finding that is consistent with the 
results of other studies.15 This observation may 
reflect a persistently elevated incidence of cancer 
associated with predisposing host or lifestyle 

risk factors, the biologic characteristics of high-
risk adenomas, or the uncertain quality of colo-
noscopic detection and clearance of neoplasia in 
persons with high-risk lesions.20-25

Our finding that cancer diagnosed within  
5 years after colonoscopy was associated with 
specific molecular features (CIMP, microsatellite 
instability, and high-level LINE-1 methylation) 
complements the existing literature.20-25,35 Ser-
rated lesions, particularly sessile serrated adeno-
mas, are widely considered to be probable pre-
cursors of colorectal cancers characterized by 
CIMP, and these lesions may be particularly dif-
ficult to detect endoscopically or remove ade-
quately.36-38 It remains unclear whether any of 
the challenges posed by these biologic differ-
ences can be addressed by improvements in 
colonoscopic technique, including more meticu-
lous inspection or improved bowel cleansing.

Our study has several strengths. First, be-
cause we collected information biennially for a 
period of 22 years, we were able to update en-
doscopy status in order to accurately assess as-
sociations with the subsequent risk of colorectal 
cancer or death. Second, our detailed exposure 
information, including lifestyle factors, enabled 
us to finely adjust for potential confounders. 
Third, our prospective design minimized biases 
inherent in case–control studies, including re-
call and selection biases. Fourth, we were able to 
directly compare the incidence of colorectal can-

Table 3. Incident Colorectal Cancer, According to Time since Last Negative Colonoscopy.*

Variable
No Lower 
Endoscopy Years since Last Negative Colonoscopy

≥15.1 15.0–10.1 10.0–5.1 5.0–3.1 ≤3.0

No. of person-yr 980,154 1668 10,929 54,601 99,783 131,333

No. of cases of colorectal 
cancer

1164 3 8 51 70 77

Age-adjusted hazard ratio 
(95% CI)

1.00 0.69 (0.20–2.32) 0.26 (0.11–0.58) 0.50 (0.37–0.68) 0.40 (0.31–0.52) 0.35 (0.27–0.45)

Multivariate hazard ratio 
(95% CI)†

1.00 0.65 (0.19–2.23) 0.26 (0.12–0.59) 0.52 (0.38–0.70) 0.40 (0.31–0.52) 0.35 (0.28–0.45)

*	The last negative colonoscopy was defined as the last colonoscopy without detection of an adenoma. Colonoscopy status was assigned on 
the basis of the biennial questionnaire that was returned before a diagnosis of colorectal cancer, death from any cause, or the end of follow-
up, whichever came first.

†	Models were further adjusted for body-mass index (<25.0 vs. 25.0–29.9 vs. ≥30.0), smoking status (never smoked vs. former smoker vs. 
current smoker), status with respect to a history of colorectal cancer in a first-degree relative, status with respect to regular use of aspirin, 
physical activity level (quintiles of mean METs per week), red-meat intake (quintiles of servings per day), total caloric intake (quintiles of kilo
calories per day), alcohol intake (0 or quartiles of grams per day), folate intake (quintiles of micrograms per day), calcium intake (quintiles 
of milligrams per day), and status with respect to current multivitamin use, nonsteroidal antiinflammatory drug use, and cholesterol-lowering 
drug use.
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cer and mortality associated with colorectal can-
cer among persons who underwent endoscopy 
with the incidence and mortality among persons 
from the same background population who did 
not undergo endoscopy. By contrast, previous co-
hort studies have used comparisons with popu-
lation-based estimates.12,16,33 Fifth, since all study 
participants were health care professionals, the 
accuracy of our classification according to endos-
copy status was high. Finally, our comprehensive 

molecular profiling of tumors allowed us to elu-
cidate molecular features of cancer occurring 
within 5 years after colonoscopy, adjusting for other 
potential confounding factors.

There are limitations to our study. As with all 
observational studies, we cannot rule out un-
measured confounding, including potential bias 
introduced by the pooling of data from two sepa-
rate cohorts. Second, our participants were health 
care professionals, and our findings may not be 

Table 4. Colorectal-Cancer Mortality after Screening Lower Endoscopy.

Variable
No Screening 

Lower Endoscopy
Screening  

Sigmoidoscopy
Screening  

Colonoscopy*

All participants

All deaths from colorectal cancer

No. of person-yr 1,182,248 302,330 357,008

No. of deaths 349 73 52

Age-adjusted hazard ratio (95% CI) 1.00 0.57 (0.44–0.73) 0.32 (0.24–0.44)

Multivariate hazard ratio (95% CI)† 1.00 0.59 (0.45–0.76) 0.32 (0.24–0.45)

Deaths from proximal colon cancer‡

No. of deaths 121 46 25

Age-adjusted hazard ratio (95% CI) 1.00 1.04 (0.73–1.47) 0.49 (0.31–0.79)

Multivariate hazard ratio (95% CI)† 1.00 1.04 (0.73–1.48) 0.47 (0.29–0.76)

Deaths from distal colorectal cancer‡

No. of deaths 195 21 16

Age-adjusted hazard ratio (95% CI) 1.00 0.29 (0.19–0.46) 0.18 (0.10–0.30)

Multivariate hazard ratio (95% CI)† 1.00 0.31 (0.20–0.49) 0.18 (0.10–0.31)

Men

No. of person-yr 366,773 101,259 141,554

No. of deaths from colorectal cancer 131 30 26

Age-adjusted hazard ratio (95% CI) 1.00 0.57 (0.38–0.86) 0.34 (0.22–0.53)

Multivariate hazard ratio (95% CI)† 1.00 0.59 (0.39–0.90) 0.36 (0.23–0.56)

Women

No. of person-yr 815,475 201,072 215,453

No. of deaths from colorectal cancer 218 43 26

Age-adjusted hazard ratio (95% CI) 1.00 0.56 (0.41–0.79) 0.31 (0.20–0.48)

Multivariate hazard ratio (95% CI)† 1.00 0.61 (0.43–0.85) 0.31 (0.20–0.48)

*	Colonoscopy included removal of an adenoma.
†	Models were further adjusted for body-mass index (<25.0 vs. 25.0–29.9 vs. ≥30.0), smoking status (never smoked vs. 

former smoker vs. current smoker), status with respect to a history of colorectal cancer in a first-degree relative, status 
with respect to regular use of aspirin, physical activity level (quintiles of mean METs per week), red-meat intake (quin-
tiles of servings per day), total caloric intake (quintiles of kilocalories per day), alcohol intake (0 or quartiles of grams 
per day), folate intake (quintiles of micrograms per day), calcium intake (quintiles of milligrams per day), and status 
with respect to current multivitamin use, nonsteroidal antiinflammatory drug use, and cholesterol-lowering drug use.

‡	Data on tumor location were available for 316 participants who had not undergone screening lower endoscopy, 67 who 
had undergone screening sigmoidoscopy, and 41 who had undergone screening colonoscopy.

The New England Journal of Medicine 
Downloaded from nejm.org on April 22, 2015. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 369;12  nejm.org  september 19, 20131104

generalizable to other populations. However, pre-
vious studies have shown that the prevalences of 
risk factors for colorectal cancer, including smok-
ing and body-mass index, among our participants 
are consistent with those of the broader popula-
tion,39,40 and the incidence and stage distribu-
tion of colorectal cancers in our cohorts are simi-
lar to those in other population-based registries. 
Moreover, there is little evidence to suggest that 
the putative mechanisms by which endoscopy is 
associated with a reduced incidence of colorectal 
cancer would differ according to occupation or 
educational background.

In conclusion, as compared with no endosco-
py, colonoscopy and sigmoidoscopy were associ-
ated with a lower incidence of distal colorectal 
cancer, whereas only colonoscopy was associated 
with a reduced incidence of proximal colon can-
cer, and that reduction was modest. As compared 
with no screening endoscopy, screening colonos-
copy and sigmoidoscopy were associated with 
lower mortality from colorectal cancer, whereas 
only colonoscopy was associated with lower mor-

tality from proximal colon cancer. Tumor mo-
lecular features of the serrated pathway might 
be involved in the development of cancer within 
5 years after colonoscopy.
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Importance Surgical site infections can result in substantial morbidity following inpatient surgery.

Little is known about serious infections following ambulatory surgery.

Objective To determine the incidence of clinically significant surgical site infections (CS-SSIs)

following low- to moderate-risk ambulatory surgery in patients with low risk for surgical complications.

Design, Setting, and Participants Retrospective analysis of ambulatory surgical procedures

complicated by CS-SSIs that require a postsurgical acute care visit (defined as subsequent

hospitalization or ambulatory surgical visit for infection) using the 2010 Healthcare Cost and

Utilization Project State Ambulatory Surgery and State Inpatient Databases for 8 geographically

dispersed states (California, Florida, Georgia, Hawaii, Missouri, Nebraska, New York, and Tennessee)

representing one-third of the US population. Index cases included 284 098 ambulatory surgical

procedures (general surgery, orthopedic, neurosurgical, gynecologic, and urologic) in adult patients

with low surgical risk (defined as not seen in past 30 days in acute care, length of stay less than 2 days,

no other surgery on the same day, and discharged home and no infection coded on the same day).

Main Outcomes and Measures Rates of 14- and 30-day postsurgical acute care visits for CS-SSIs

following ambulatory surgery.

Results Postsurgical acute care visits for CS-SSIs occurred in 3.09 (95% CI, 2.89-3.30) per 1000

ambulatory surgical procedures at 14 days and 4.84 (95% CI, 4.59-5.10) per 1000 at 30 days. Two-thirds

(63.7%) of all visits for CS-SSI occurred within 14 days of the surgery; of those visits, 93.2% (95% CI,

91.3%-94.7%) involved treatment in the inpatient setting. All-cause inpatient or outpatient postsurgical

visits, including those for CS-SSIs, following ambulatory surgery occurred in 19.99 (95% CI,

19.48-20.51) per 1000 ambulatory surgical procedures at 14 days and 33.62 (95% CI, 32.96-34.29) per

1000 at 30 days.

Conclusions and Relevance Among patients in 8 states undergoing ambulatory surgery, rates of

postsurgical visits for CS-SSIs were low relative to all causes; however, they may represent a substantial
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number of adverse outcomes in aggregate. Thus, these serious infections merit quality improvement

efforts to minimize their occurrence.

Surgical site infections (SSIs) are among the most common health care–associated infections. Surgical

site infections account for 20% to 31% of health care–associated infections in hospitalized patients

and have considerable morbidity, a mortality rate of 3%, stays prolonged by 7 to 10 days, and costs of

$20 000 to $27 600 per admission.  Reducing SSIs is a national priority, as reflected in the US

Department of Health and Human Services’ National Action Plan to Prevent Healthcare-Associated

Infections.  Initially focused on high-priority areas related to health care–associated infections within

acute care hospitals, the action plan broadened to address additional types of health care settings,

including ambulatory surgery.  Although ambulatory surgeries represent a substantial portion of

surgical health care, there is a dearth of information on adverse events, including health

care–associated infections following operations performed in the ambulatory setting.

The problem of health care–associated infections following ambulatory surgery may not be small. The

preponderance of surgical procedures are now performed in ambulatory settings.  Ambulatory surgery

cases totaled 18.7 million in 2010 in the United States  and accounted for 63.6% of all operations.

During inspections of Medicare-certified ambulatory surgical centers, serious breaches of infection

control practices were found to be common.  Yet very little information is available regarding

infectious outcomes following ambulatory operations.

To better understand the spectrum of clinically significant infections that follow ambulatory surgery,

we calculated population estimates of 14- and 30-day acute care visit rates (ie, hospitalizations or

ambulatory surgical visits) for clinically significant SSIs (CS-SSIs) following selected low- to

moderate-risk ambulatory surgical procedures performed on adults with low surgical risk.

Databases and Study Population

Encounter data were abstracted from 2010 Agency for Healthcare Research and Quality Healthcare Cost

and Utilization Project (HCUP) State Ambulatory Surgery Databases and State Inpatient Databases.

State Ambulatory Surgery Databases include all-payer, encounter-level information on surgical

procedures performed in hospital-owned ambulatory settings, with no overnight inpatient stay. These

include surgical suites within the hospital as well as physically freestanding surgical facilities owned by

the hospital. The data do not include procedures performed in physician offices or freestanding

facilities not owned by a hospital. State Inpatient Databases contain all-payer, encounter-level

information on inpatient discharges. HCUP state databases are discharge-level (not patient-level) files;

each record represents 1 ambulatory surgical visit or inpatient stay. Discharge abstracts contain

information found on a billing record, such as demographics; up to 30 International Classification of

Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnoses, ICD-9-CM procedures or

Current Procedural Terminology (CPT) procedures, or both; length of stay; expected payer; admission

and discharge dates; and discharge disposition.

Although the HCUP contains data from 47 states,  8 states have data from the 2 settings of interest

(ambulatory surgery and inpatient) and robust encrypted identifiers that allow patients to be observed

across time and across hospital settings. The present study used data from those 8 states (California,

Florida, Georgia, Hawaii, Missouri, Nebraska, New York, and Tennessee), accounting for one-third of

the US population.

We initially identified records for selected low- to moderate-risk surgical procedures performed in

hospital-owned ambulatory surgery settings in 2010. Twelve surgical procedures were selected,

including a spectrum of specialties: general surgery, orthopedics, neurosurgery, gynecology, and

urology (eAppendix 1 in Supplement). Selected general surgery procedures included laparoscopic

cholecystectomy and 6 types of hernia repair (open and laparoscopic for inguinal or femoral; umbilical;

and incisional or abdominal). Selected orthopedic procedures and neurosurgical procedures included

spinal laminectomy or diskectomy and anterior cruciate ligament (ACL) repair. Selected gynecologic

procedures included vaginal and abdominal hysterectomy, excluding those performed for treatment of

cancer. The selected urologic procedure was transurethral prostatectomy, excluding procedures

performed for treatment of cancer. These selected surgical procedures were considered low to moderate

risk, because they are moderately invasive and require general or regional anesthesia. The surgical

procedures are elective, of short duration, and do not require an overnight inpatient stay.
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To determine how representative the surgical procedures conducted at hospital-owned settings are for

all outpatient surgical procedures, we examined the type of ambulatory setting where each procedure

was performed using 2 HCUP State Ambulatory Surgery Databases states (Florida and South Carolina)

with complete reporting of data in ambulatory surgery settings regardless of hospital ownership.

Our overall objective was to analyze a population of adult patients with low surgical risk. Therefore, we

excluded patients who had been seen in acute care in the prior 30 days, had a length of stay of 2 or more

days, experienced more than 1 surgery on the same day, or had an infection coded on the day of surgery.

Measures

Primary Outcomes

The primary outcome was the rate of postsurgical acute care visits following each of the selected

surgical procedures. The denominator was the number of ambulatory surgical procedures. The

numerator was the number of those procedures that resulted in at least 1 subsequent ambulatory

surgery visit or inpatient stay for a CS-SSI within 14 or 30 days. A patient with a subsequent visit was

counted only once in the numerator, regardless of other visits within the 14- or 30-day postsurgical

period. To target the analysis to clinically important, serious infections, postsurgical visits were limited

to hospitalizations (including those that began in the emergency department) and ambulatory surgical

visits. Patients with SSIs who made postsurgical visits to physician offices or who were released from

emergency departments were not included, because their infections were considered less serious. The

rates were reported per 1000 ambulatory surgical procedures. The time between the index ambulatory

surgical procedure and a subsequent ambulatory surgical visit or inpatient stay was calculated from the

discharge date of the index ambulatory surgical procedure to the admission date of the subsequent visit.

Postsurgical encounters for CS-SSIs were identified by an algorithm that used ICD-9-CM diagnosis

codes, ICD-9-CM or CPT procedure codes, or both on a discharge abstract for an ambulatory surgical

visit or inpatient stay subsequent to the surgery. CS-SSIs included infections generally related to

surgery as well as those specific to the type of surgery (eAppendix 2 in Supplement). A sensitivity

analysis was conducted to determine the validity of the algorithm. The sensitivity analyses examined

which types of codes identified infections using the following hierarchy: (1) any listed procedure

specific to an infection from the surgery, such as arthroscopy of the knee for lavage and drainage of

infection for ACL repair, (2) any listed diagnosis indicating infection specific to the surgery, such as a

diagnosis of peritonitis and cellulitis of the trunk for abdominal procedures, (3) any listed procedure

indicating an infection generally related to having surgery, such as drainage of an abscess or

debridement of infected skin, and (4) any listed diagnosis indicating an infection, such as pyoderma,

local skin infection, or postoperative infection.

We computed rates of ambulatory surgical visits or postsurgical inpatient stays for all causes (including

CS-SSIs) to indicate the relative importance of SSIs as a reason for postsurgical visits. Additional

reasons for postsurgical visits included, but were not limited to, postoperative pain and swelling,

gastrointestinal conditions, respiratory conditions, constitution-related diagnoses (eg, dizziness,

syncope, fever, dehydration), and more general infections (eg, methicillin-resistant Staphylococcus

aureus, Clostridium difficile, pneumonia, urinary tract infections).

Demographic Characteristics

The patient’s age, sex, and residential area were based on the index ambulatory surgical visit. We

classified primary expected payer into 5 groups: Medicare, Medicaid, private insurance, uninsured

(self-pay or no charge), and other types of insurance.

Statistical Analysis

We examined patient and payer characteristics associated with ambulatory surgical procedures.

Observed rates of postsurgical acute care visits for CS-SSIs and all causes were assessed at 14 and 30

days. We determined observed rates of postsurgical visits for CS-SSIs by type of surgery. Jeffreys

intervals were used to calculate 95% CIs, assuming a binomial distribution.  We made comparisons

between rates of postsurgical visits following open and laparoscopic surgery for hernia repair and

vaginal and abdominal hysterectomies.

The use of HCUP administrative data is not considered human subjects research by the Agency for

Healthcare Research and Quality institutional review board. Analyses were conducted using Base SAS

and SAS/STAT version 9. 3 (SAS Institute Inc). The criterion for statistical significance was a 2-sided χ

test at P < .01.
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The Figure displays the selection of index ambulatory surgical procedures. We extracted all ambulatory

surgery records for patients with any ICD-9-CM procedure or CPT codes related to 1 of the 12 surgical

procedures (n = 414 482). We excluded records for surgical procedures performed in January or

December to allow a window of 30 days before and after surgery to examine other hospital visits (n = 69 

748). Next, we excluded ambulatory surgical procedures that signaled a complication in care because of

a discharge disposition other than routine (n = 1859) or with a length of stay of 2 or more days (n = 

8805).

Figure.

Ambulatory Surgical Procedures Meeting Study Criteria

Source: Agency for Healthcare Research and Quality, Center for Delivery, Organization, and

Markets, Healthcare Cost and Utilization Project; State Ambulatory Surgery Databases and State

Inpatient Databases for 8 states: California, Florida, Georgia, Hawaii, Missouri, Nebraska, New York,

and Tennessee, 2010. Patients total 282 086; some patients underwent more than 1 ambulatory

surgical procedure that met all of the study criteria.

View Large  |  Save Figure  |  Download Slide (.ppt)

To select a homogeneous group of patients at low surgical risk, we excluded additional patients with

more than 1 of the selected surgical procedures on the same ambulatory surgery visit (n = 20 543), any

ambulatory surgical visit or inpatient stay within the previous 30 days (n = 13 956), and infection on the

surgery day (n = 840). Patients younger than 18 years (n = 14 633) were also excluded. We retained 284 

098 records for ambulatory surgical procedures performed in a hospital-owned ambulatory setting.

eAppendix 3 in Supplement shows that for all but 1 of the ambulatory surgical procedures of interest, at

least two-thirds (and 80% or greater for 9 of the 12 surgical procedures) were performed at

hospital-owned settings. Patients with more than 1 ambulatory surgical procedure during the 10-month

period may be represented more than once: the 284 098 ambulatory surgical procedures represented

282 086 patients.

Utilization

The mean age of patients undergoing 1 of the selected ambulatory surgical procedures ranged from 34.1

years (ACL repair) to 70.5 years (transurethral prostatectomy) (Table 1). Laparoscopic cholecystectomy

was more likely to be performed on women (75.9%); laparoscopic repair of inguinal or femoral hernia

was less likely to be performed on women (6.1%). At least 75.0% of each selected ambulatory surgical

procedure was performed on patients from metropolitan areas, varying from a low of 75.0% for spine

surgery to a high of 90.1% for laparoscopic inguinal or femoral hernia repairs.

Table 1. Characteristics of Patients Undergoing Ambulatory Surgical Procedures in Hospital-Owned

Settings, 2010

View Large  |  Save Table  |  Download Slide (.ppt)

Table 1 also shows variations in private insurance as the primary expected payer for ambulatory surgical

procedures. More than 75% of ACL repairs and hysterectomies were billed to private insurance. In

contrast, 27.4% of transurethral prostatectomies were billed to private insurance. With a mean patient

age of 70.5 years, the majority of transurethral prostatectomies procedures were covered by Medicare.

Rates of Postsurgical Visits
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Postsurgical Visits for CS-SSIs Within 14 Days

As shown in Table 2, the overall rate of postsurgical acute care visits for CS-SSIs within 14 days

following the selected ambulatory surgical procedures was relatively low (3.09 [95% CI, 2.89-3.30] per

1000 ambulatory surgical procedures). The visit rates varied by type of surgery and ranged from 0.27

(95% CI, 0.09-0.65) per 1000 laparoscopic repairs of inguinal or femoral hernia to 6.44 (95% CI,

5.25-7.82) per 1000 vaginal hysterectomies, respectively. Two-thirds of the records for the postsurgical

visits for CS-SSIs had a surgery-specific procedure or diagnosis code indicating the infection (eAppendix

4 in Supplement).

Table 2. Rates of Postsurgical Acute Care Visits for Clinically Significant Surgical Site Infections

(CS-SSIs) and for All Causes Within 14 Days vs 30 Days of Ambulatory Surgery, 2010

View Large  |  Save Table  |  Download Slide (.ppt)

Rates of postsurgical visits for CS-SSIs following an open vs laparoscopic repair did not differ, except for

repair of inguinal or femoral hernia. The 14-day postsurgical visit rate for CS-SSIs following

laparoscopic inguinal or femoral hernia repair (0.27 [95% CI, 0.09-0.65] per 1000 hernia repairs) was

significantly less than the 14-day postsurgical visit rate for CS-SSIs following open inguinal or femoral

hernia repair (2.06 [95% CI, 1.72-2.46] per 1000 hernia repairs, P < .001). There was no difference in the

14-day rate of postsurgical visits for CS-SSIs following vaginal hysterectomies (6.44 [95% CI, 5.25-7.82]

per 1000 hysterectomies) compared with abdominal hysterectomies (6.21 [95% CI, 4.80-7.92] per 1000

hysterectomies). The overall rate of postsurgical visits within 14 days for all causes, including CS-SSIs,

was 19.99 (95% CI, 19.48-20.51) per 1000 ambulatory surgical procedures.

Postsurgical Visits for CS-SSIs Within 30 Days

The overall rate of postsurgical acute care visits for CS-SSIs across all surgical procedures increased

from 3.09 (95% CI, 2.89-3.30) to 4.84 (95% CI, 4.59-5.10) per 1000 ambulatory surgical procedures

when the time frame was extended to 30 days (Table 2). The 30-day rates of postsurgical visits for

CS-SSIs also varied by type of surgery, ranging from a low of 0.75 (95% CI, 0.40-1.30) per 1000

laparoscopic repairs of inguinal or femoral hernia to a high of 11.38 (95% CI, 9.81-13.12) per 1000 open

repairs of incisional or abdominal hernia. Similar to 14-day rates of postsurgical visits for CS-SSIs, there

were no significant differences in 30-day rates of postsurgical visits for CS-SSIs following vaginal vs

abdominal hysterectomies or open vs laparoscopic hernia repair, with 1 exception. The 30-day

postsurgical visit rate for CS-SSIs following laparoscopic inguinal or femoral hernia repair (0.75 [95%

CI, 0.40-1.30] per 1000 hernia repairs) was significantly less than the 30-day postsurgical visit rate for

CS-SSIs following open inguinal or femoral hernia repair (2.98 [95% CI, 2.56-3.46] per 1000 hernia

repairs (P < .001). The overall rate of postsurgical visits within 30 days for all causes including CS-SSIs

was 33.62 (95% CI, 32.96-34.29) per 1000 ambulatory surgical procedures.

Follow-up Time for Postsurgical Visits

Two-thirds (63.7%) of all postsurgical acute care visits for CS-SSIs following these ambulatory surgical

procedures occurred in the first 14 days (877 visits within 14 days [3.09 per 1000 ambulatory surgical

procedures] compared with 1376 visits within 30 days [4.84 per 1000 ambulatory surgical procedures]).

This pattern was similar for each type of surgery except laparoscopic repair of inguinal or femoral

hernia, open repair of incisional or abdominal hernia, and spine surgery; the postsurgical visit rate for

CS-SSIs more than doubled between 14 and 30 days (ie, less than half of the postsurgical visits for

CS-SSIs for these procedures occurred in the first 14 days).

Location of Postsurgical Visits

More than 90% of postsurgical acute care visits for CS-SSIs within 14 days were treated in the inpatient

setting (95% CI, 91.3%-94.7%), and nearly 90% of postsurgical acute care visits for CS-SSIs within 30

days were treated in the inpatient setting (95% CI, 86.4%-89.9%) (Table 3). Similar to the variation in

rates of CS-SSIs by type of surgery, the proportion of postsurgical inpatient visits for CS-SSIs also varied

by type of surgery. For CS-SSI visits within 14 days, the portion occurring in the inpatient hospital

setting ranged from 75.0% (95% CI, 28.4%-97.2%) to 100.0% (95% CI, 87.8%-100.0%) for laparoscopic

repair of inguinal or femoral hernia and laparoscopic repair of incisional or abdominal hernia,
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respectively. For CS-SSI visits within 30 days, the portion occurring in the inpatient hospital setting

ranged from 72.7% (95% CI, 43.5%-91.7%) to 96.7% (95% CI, 92.4%-98.9%) for laparoscopic repair of

inguinal or femoral hernia and for vaginal hysterectomy, respectively.

Table 3. Distribution of Postsurgical Acute Care Visits for Clinically Significant Surgical Site Infections

(CS-SSIs) Within 14 Days vs 30 Days of Ambulatory Surgery by Hospital Setting, 2010

View Large  |  Save Table  |  Download Slide (.ppt)

Our findings affirmed that the rate of clinically important infections following ambulatory surgery was

low, despite documented poor infection control practices in ambulatory surgery centers  and in

contrast to higher rates of infections following inpatient operations.  However, because of the large

number of ambulatory surgical procedures performed annually, in absolute terms, a substantial

number of patients undergoing ambulatory surgical procedures develop clinically significant

postoperative infections. Most of these infections occurred within 2 weeks after surgery and resulted in

hospital admission. Therefore, reporting rates at both 14 and 30 days are relevant, because routine

follow-up visits for these procedures are frequently scheduled outside this 14-day time frame. For

example, studies have shown that routine follow-up was 3 weeks for inguinal hernia, laparoscopic

cholecystectomy, and anorectal surgical procedures, and a range of 2 to 4 weeks for

adenotonsillectomy.  Our findings suggest that earlier access to a clinician or member of the

surgical team (eg, telephone check-in prior to 2 weeks) may help identify and treat these infections

early and reduce overall morbidity.

Given the paucity of information available regarding postoperative ambulatory infection rates, this

study provides important baseline information regarding current infection rates following ambulatory

surgery. The patterns and substantial variations in rates of CS-SSIs across different types of ambulatory

surgical procedures emphasize the importance of reporting and studying rates of adverse events by

surgical specialty. In addition to producing up-to-date and surgical procedure–specific infection rates

for a range of surgical procedures not found in previous studies, our analysis benefited from the use of

multistate, all-payer data sources using all inpatient and ambulatory surgery encounters occurring at

hospital-owned facilities. Rates of CS-SSIs were relatively low, but because the CS-SSIs entailed

hospitalization or additional procedures to treat infections, their clinical importance may be substantial.

With only a single exception, CS-SSI rates following laparoscopic procedures were not lower than those

for open procedures. This unexpected finding may be explained several ways. Unmeasured clinical

confounders between the groups such as differing body mass index or revisional surgery could have

been present. Because low-risk patients selectively undergo surgery in ambulatory settings, this seems

unlikely. It is more likely that because CS-SSI rates were relatively low, the power to detect differences

between groups undergoing open vs laparoscopic surgery might have been insufficient.

With the exception of hernia repair, our findings are not directly comparable to prior published articles

on SSIs after ambulatory surgery because those studies were mostly conducted outside the United

States, examined small study populations, or used contrasting data sources such as medical records,

physician and patient surveys, and patient registries. Many of these studies were from the 1990s and

early 2000s and may not reflect current surgical practice. Prior studies assessed either surgical

procedures different from those we examined (eg, hand,  laparoscopic appendectomy,

dermatology ) or diagnosis-specific procedures  (eg, cancer-related surgery ). Studies of all

hernia repair types combined reported SSI rates between 0.5%  and 0.7%.  Rates of SSIs specific to

inguinal hernia repair range from 1%  to 5%.

Among the limitations of using the selected HCUP data was that the 8 states, although geographically

a

ABSTRACT | METHODS | RESULTS | DISCUSSION | CONCLUSIONS | ARTICLE

INFORMATION | REFERENCES

DISCUSSION

14

1,2

18- 20

21,22 23

24 25- 27 28

29 26

30- 33 27,34

JAMA Network | JAMA | Surgical Site Infections Following Ambulatory ... http://jama.jamanetwork.com/article.aspx?articleid=1829988

6 of 12 5/27/2015 11:16 AM



dispersed, may not reflect rates in other regions of the country. The data sets only capture postsurgical

visits for CS-SSIs in hospital-owned settings (ambulatory surgery or inpatient) and exclude CS-SSIs

subsequently managed in physician offices and emergency departments. Although we did not capture

the universe of postoperative infections, those we did analyze represent serious infections that caused

substantial morbidity and were costly to manage. We showed that 90% of these serious infections were

treated in the hospital after ambulatory surgery. Quality improvement initiatives targeting reduction in

the incidence of these infections could substantially benefit patients and reduce health care costs.

Previous research revealed frequent, substantial breaches in infection control practices in ambulatory

surgery centers,  suggesting that more rigorous attention to infection control might reduce the

absolute number of CS-SSIs we observed.

Our findings do not include CS-SSIs following ambulatory surgical procedures performed at

nonhospital-owned ambulatory surgery settings. However, the subanalysis of HCUP State Ambulatory

Surgery Databases data for 2 states with complete reporting of ambulatory surgery encounters in all

facilities regardless of hospital ownership demonstrates that this is not a significant limitation. The

hospital-owned ambulatory surgery settings accounted for more than two-thirds of the ambulatory

procedures of interest (eAppendix 3 in Supplement).

Last, identifying postsurgical CS-SSIs requires using all diagnoses and procedures reported on the

record. Several studies have demonstrated the validity of coding for SSIs using administrative

data.  In addition, our sensitivity analysis showed that 28.2% of postsurgical visits for CS-SSIs

within 14 days were identified using any listed procedure codes specific to an infection, 38.9% were

identified using any listed infection diagnosis codes specific to a surgical procedure, and 32.9% were

identified using any listed procedures or diagnosis codes indicating an infection (eAppendix 4 in

Supplement). These results suggest that the algorithm is robust and that the infections and symptoms

are not related to other conditions.

Among patients in 8 states the rates of CS-SSIs were relatively low. However, given how common

ambulatory surgery is, the absolute number of patients with these complications is substantial. Prior

studies showing significant lapses in infection control practices at ambulatory surgery centers suggest

that quality improvement efforts may facilitate reducing CS-SSIs following ambulatory surgery.
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Over the past 30 years, the health-care industry has witnessed the birth and growth of the ambulatory 

surgery center (ASC) industry, and a great migration to an ASC setting of procedures that previously 

were performed in hospitals.1 Today, procedures performed in ASCs are broad in scope, including 

shoulder, hip, knee and spine surgeries, as well as many pain management and diagnostic services. For 

example, more than 50 percent of colonoscopy services performed in the United States are completed 

in ASCs.2 Over the past decade, surgeries and procedures performed at ASCs have risen drastically, 

along with the number of ASC locations. According to the Medicare Payment Advisory Commission 

(MedPAC), in 2010, ASCs served 3.3 million fee-for-service Medicare beneficiaries, an increase of 0.9 

percent from 2009.3 Moreover, there were 5,316 Medicare-certified ASCs in 2010, an increase of 2.6 

percent over the previous year.4 In all, Medicare spent roughly $3.4 billion on ASC services in 2010 

alone.5  

 

Although the number and types of procedures that are performed in an ASC setting continue to 

expand, studies and reports indicate a slower growth in the number of ASCs and volume of services 

performed at ASCs compared to previous years.6 Furthermore, the heath-care industry has experienced 

a reverse migration of sorts in the increasing acquisition by hospitals of freestanding ASCs and their 

conversion to hospital outpatient departments (HOPDs). This paper will discuss several areas related to 

conversion of ASCs to HOPDs. First, it will examine factors driving conversion of ASCs to HOPDs. 

Then, it will explore various legal considerations for hospitals considering converting an ASC into an 

HOPD. Finally, it will discuss co-management agreements and their place in the conversion of an ASC 

to an HOPD.  

 

I.  FACTORS DRIVING CONVERSION 
A.  Higher Reimbursement for Services Performed at HOPDs. 
A primary factor driving conversion of freestanding ASCs to HOPDs is the great differential in 

reimbursement rates between the two facilities. Hospitals view freestanding ASCs as an avenue to 

return patients and revenue streams that were previously “lost” to ASCs. Beginning in 2007, 

Medicare payments to ASCs were lower than or equal to Medicare payments to HOPDs for 

comparable services for 100 percent of procedures.7 Although HOPDs historically had always 

received higher reimbursement from Medicare than freestanding ASCs, this disparity grew larger 

when Centers for Medicare & Medicaid Services (CMS) implemented a revised ASC payment 

system effective Jan. 1, 2008, in accordance with the Medicare Prescription Drug, Improvement, 

and Modernization Act (MMA) of 2003.  

 

                                                 
1 ASC to HOPD Conversion: Costly Consequences, Ambulatory Surgery Center Association. 
2 Ambulatory Surgery Center; A Brief History, Ambulatory Surgery Center.info, available at 
www.ambulatorysurgerycenter.info. 
3 Report to Congress: Medicare Payment Policy, Chpt. 5 Ambulatory Surgical Center Services, p. 115, 
Medicare Payment Advisory Commission (2012). 
4 Report to Congress: Medicare Payment Policy, Chpt. 5 Ambulatory Surgical Center Services, p. 115, 
Medicare Payment Advisory Commission (2012). 
5 Report to Congress: Medicare Payment Policy, Chpt. 5 Ambulatory Surgical Center Services, p. 115, 
Medicare Payment Advisory Commission (2012). 
6 See Report to Congress: Medicare Payment Policy, Chpt. 5 Ambulatory Surgical Center Services, p. 
115, Medicare Payment Advisory Commission (2012); see also Intelligmarker 2011: Multi-Specialty 
ASC Study, VMG Health (2011) available at 
http://www.vmghealth.com/Downloads/VMG_Intellimarker11.pdf. 
7 Testimony on HB 2522 Physician Self-Referral Legislation, Monica M. Ziegler, (June 8, 2010), 
Pennsylvania House of Representatives Insurance Committee. 

http://www.ambulatorysurgerycenter.info/
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The revised payment system greatly expanded the types of services eligible for payment in the 

ASC setting to cover roughly 3,500 surgical procedures and excluded from eligibility only those 

procedures that pose a significant safety risk to beneficiaries. However, the reformed policy also 

caused significant variation between ASC and HOPD reimbursement rates in the past several 

years. In 2003, Medicare paid hospitals 16 percent more, on average, than it paid ASCs.8 Today, 

on average, Medicare pays ASCs 56 percent of the amount paid to HOPDs for performing the 

same procedure.9 For example, Medicare pays $362 for a colonoscopy surgery performed at an 

ASC, and $643 for the same service performed in an HOPD.10  

 

This growing divergence in payments is driven, in part, by differences in how the payment 

systems are updated each year to account for inflation. Despite the fact that ASCs and HOPDs 

offer the same services, the CMS applies two different measures of inflation to update the payment 

systems for the two surgical providers. For ASCs, that measure is tied to consumer prices. For 

HOPDs, it is tied to medical costs. The ASC inflation update based on consumer prices is 

unrelated to changes in medical costs and is historically lower than the inflation update based on 

medical costs. 

 

Defenders of the disparity in reimbursement contend that the variance in payment is reasonable 

because ASCs are likely to incur lower operating costs than HOPDs and because HOPDs must 

meet additional regulatory requirements and treat patients who have more complex cases.11 

According to a comparison between ASC and HOPD costs conducted by the Government 

Accountability Office, ASC costs are, on average, lower than HOPD costs.12 Moreover, MedPAC 

claims patients treated in HOPDs are typically more medically complex than patients treated in 

ASCs, and these more complex patients are therefore more costly.13 Lastly, unlike ASCs, HOPDs 

are subject to the Emergency Medical Treatment and Active Labor Act (EMTALA), which 

mandates HOPDs to stabilize and transfer patients who are believed to be experiencing a medical 

emergency when presented at the facility, regardless of the patient’s ability to pay for services.14 

 

While the defenders of the reimbursement disparity can point to factors to support the different 

treatment of ASCs and HOPDs, the fact remains that the lower reimbursement rates for procedures 

performed in an ASC can result in significant cost savings to the party responsible for paying for 

the patient’s heath-care. For example, coinsurance payments are typically less for procedures 

performed at ASCs rather than at HOPDs.15 A beneficiary could pay as much as $496 in 

coinsurance for a cataract extraction procedures performed in a HOPD, whereas that same 

beneficiary’s copayment in the ASC would be only roughly $195.16 By having procedures 

completed in an ASC rather than an HOPD, a patient may save as much as 61 percent compared to 

                                                 
8 ASC to HOPD Conversion: Costly Consequences, Ambulatory Surgery Center Association. 
9 ASC to HOPD Conversion: Costly Consequences, Ambulatory Surgery Center Association. 
10 ASC to HOPD Conversion: Costly Consequences, Ambulatory Surgery Center Association. 
11 Medicare Payment Advisory Commission 2003, Medicare Payment Advisory Commission 2004. 
12 Government Accountability Office 2006. 
13 Medicare Payment Advisory Commission (2004). 
14 42 USC § 1395dd. 
15 Testimony on HB 2522 Physician Self-Referral Legislation, Monica M. Ziegler, (June 8, 2010), 
Pennsylvania House of Representatives Insurance Committee. 
16 Testimony on HB 2522 Physician Self-Referral Legislation, Monica M. Ziegler, (June 8, 2010), 
Pennsylvania House of Representatives Insurance Committee. 
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their out-of pocket coinsurance for the same procedures in an HOPD.17 Overall, Medicare and its 

beneficiaries save more than $2.5 billion each year from procedures performed in ASCs rather 

than at HOPDs.18 It is not surprising that the Office of the Inspector General (OIG) has included in 

its work plan this year an examination of the conversion of ASCs to HOPDs, as discussed more 

fully below. This reverse migration of cases back to a hospital setting has the potential to cost the 

federal government a significant amount of money. 

 

B.  Physician Alignment. 
The conversion of an ASC to an HOPD can also be an effective physician alignment tool for 

hospitals. While many hospitals still joint venture with physicians in a freestanding ASC to create 

physician alignment, conversion of an ASC to an HOPD provides many benefits to physicians that 

investment in a freestanding ASC cannot provide. The main benefit of a freestanding ASC joint 

venture between physicians and a hospital is that the parties’ financial interests are strongly 

aligned. Each party has a financial incentive to operate the facility as effectively and as efficiently 

as possible to increase the overall profits. Physician investment in an ASC, however, carries 

financial risk for physicians. Although investment in a freestanding ASC has the potential for 

higher returns and overall compensation, there is also a risk of loss of the investment. This is 

especially true in light of the growing disparity in reimbursement between ASCs and HOPDs, and 

the overall trend in the slowing growth of the ASC industry. Additionally, many start-up ASCs 

require debt guarantees from individual investors, which puts their personal assets at risk if the 

ASC does not perform as expected.  

 

There are several benefits to physicians when a hospital purchases their ASC and converts it to an 

HOPD. One is the proceeds from the sale of the ASC, which can result in a large payout for the 

physicians. Another is the elimination of the risk of loss of a physician’s capital investment or 

payment of a guarantee of debt of a freestanding ASC. Finally, many times a hospital will enter 

into a co-management agreement with the physicians to manage the ASC after it is converted to an 

HOPD, which has many benefits for physicians. First, management payments have a high degree 

of certainty and predictability. Moreover, physicians can have direct involvement and control of 

the surgery process even though they are no longer owners.  

 

Co-management arrangements do have some limitations. Although HOPDs allow for more 

predictable fees paid to physicians under a management agreement, such agreements must reflect 

fair market value, which may be much less than what physicians could earn in an ASC joint 

venture. For example, a highly successful ASC can generate a much higher return on investment 

for its physician owners than a management agreement would pay. Further, because there is no 

direct equity physician ownership in an HOPD, there is not always a true congruence of interest 

between the hospital and the physicians. As a result, despite the management arrangement, some 

parties have found the physicians do not have strong incentives to operate in the most efficient 

way possible. In addition, compared to an equity investment, a co-management arrangement is a 

relatively short-term relationship. 

 

                                                 
17 Testimony on HB 2522 Physician Self-Referral Legislation, Monica M. Ziegler, (June 8, 2010), 
Pennsylvania House of Representatives Insurance Committee. 
18 ASC to HOPD Conversion: Costly Consequences, Ambulatory Surgery Center Association. 
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II.  OIG WORK PLAN 
The growing trend of ASC conversion to HOPDs has caught the attention of the OIG. The OIG’s 

Fiscal Year 2013 Work Plan indicated several areas of review related to ASCs, including a review of 

hospital acquisition of ASCs and the impact such acquisitions have on Medicare spending, specifically 

on Medicare payments and beneficiary cost sharing.19 Investigations will focus on the extent to which 

hospitals acquire ASCs and convert them into HOPDs, causing Medicare to reimburse at higher rates 

for services performed in HOPDs rather than ASCs.20 The OIG will also review the appropriateness of 

Medicare’s methodology for reimbursing ASCs under the revised payment system21 and compare 

payment rate disparities within ASC and HOPD settings for similar surgical procedures.22 Lastly, the 

OIG plans to review the quality of care and safety of Medicare beneficiaries obtaining surgeries and 

receiving care in ASCs and HOPDs.23 Investigations will focus on assessing pre-operative care and 

care during surgeries and procedures, and will indicate adverse events identified in each setting. 

 

III.  LEGAL CONSIDERATIONS 
A hospital’s acquisition of a freestanding ASC and conversion to an HOPD implicates a number of 

regulatory and other legal considerations, especially if the conversion involves a co-management 

agreement with the former physician owners of the ASC. Therefore, the hospital and physicians 

involved need to be mindful of these considerations when structuring these transactions, particularly in 

light of the OIG’s focus on these transactions in this year’s work plan. The OIG recently issued 

Advisory Opinion 12-22, which can help guide physicians and hospitals in structuring the co-

management element of these transactions.  

 

A.  Purchase/Sale Agreement. 
The hospital’s purchase of the ASC and the payment of the purchase price to the physician owners 

of the ASC will need to fit within an exception to the Stark Law24 assuming that the physician 

owners make referrals to the hospital. Generally, these transactions can fit within the isolated 

transactions or fair market value exceptions to the Stark Law.  

 

To meet the fair market value exception, the compensation paid to a physician must be pursuant to 

an arrangement that (1) is set forth in writing, signed by all parties and covering items or services 

specified in the agreement; (2) is for a specified time period; (3) specifies the compensation that 

will be provided under the arrangement (the compensation must be set in advance, consistent with 

fair market value, and not determined in a manner that takes into account volume or value of 

referrals or other business generated by the referring physician); (4) is commercially reasonable 

and furthers the legitimate business purpose of both parties; (5) does not violate the Anti-Kickback 

Statute; (6) and does not include counseling or promotion of a business arrangement that violates 

the law in the services performed. 42 C.F.R. § 411.357(l). 

 

The transaction must meet the following conditions to qualify for the isolated financial 

transactions exception: (1) The amount of remuneration must be both (i) consistent with the fair 

                                                 
19 OIG Work Plan 2013, p. 7. 
20 OIG Work Plan 2013, p. 7. 
21 Federal law required the secretary to implement a revised payment system for payment of surgical 
services furnished in ASCs, beginning Jan. 1, 2008. See 42 C.F.R. § 416.171. 
22 OIG Work Plan 2013, p. 22. 
23 OIG Work Plan 2013, p. 22. 
24 42 U.S.C. § 1395nn. 
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market value of the transaction and (ii) not be determined in a manner that takes into account 

volume or value of any referrals by the referring physician or other business generated between 

the parties; (2) the remuneration must be provided under an agreement that would be 

commercially reasonable even if the physician made no referrals to the entity; and (3) there are no 

additional transactions between the parties for six months after the “isolated transaction” (except 

for those that meet another exception) and except for commercially reasonable post-closing 

adjustments that do not take into account (directly or indirectly) the volume or value of the 

referrals or other business generated by the referring physician. 42 CFR § 411.357(f).  

 

Both of these exceptions require that the purchase price reflect fair market value. Accordingly, the 

hospital should obtain a valuation from a third-party appraiser experienced in health-care 

transactions. 

 

There is no safe harbor to the Anti-kickback Statute that applies to the sale of an ASC to a 

hospital. Unlike the Stark Law, there is no isolated transaction safe harbor or fair market value 

safe harbor under the Anti-Kickback Statute. Therefore, it is important that the hospital’s purchase 

of the ASC not be conditioned in any way to the physician’s referrals to the hospital.  

 

B.  Provider-Based Regulations. 
1. Requirements Applicable to all Provider-Based Facilities.  Hospitals interested in converting 

an ASC into an HOPD should also review and follow Medicare’s requirements for provider-

based entities found at 42 C.F.R. § 413.65. All provider-based facilities are required to be 

operationally, clinically and financially integrated with the main hospital provider. 

Accordingly, HOPD must satisfy the following requirements: 

 

a. Licensure and Operations.  The location must be operated under the same license as the 

hospital. Additionally, The Joint Commission should be notified about the existence of 

the hospital’s off-campus location for survey purposes. 

 

b. Clinical Integration.  The location must be clinically integrated with the hospital, as 

evidenced by the following: 

 

i. All professional staff providing professional services at the HOPD must have clinical 

privileges at the hospital;  

 

ii. The hospital must maintain the same monitoring and oversight at the HOPD as it 

does for any of its other departments; 

 

iii. The medical director of the HOPD must maintain a reporting relationship with the 

chief medical officer or other similar hospital official that has the same frequency, 

intensity and level of accountability that exists in the relationship between the 

medical director of a department of the hospital and the chief medical officer or other 

similar official of the hospital, and must be under the same type of supervision and 

accountability as any other director, medical or otherwise, of the hospital; 

 

iv. Medical staff committees or other professional committees at the hospital must be 

responsible for medical activities at the HOPD (i.e., quality assurance, utilization 
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review, and the coordination and integration of services, to the extent practicable, 

between each location and the hospital); 

 

v. Medical records of patients treated at the HOPD must be integrated (or cross-

referenced) into a unified hospital retrieval system; and 

 

vi. Inpatient and outpatient services provided at the HOPD and the hospital must be 

integrated, and patients treated at the HOPD requiring further care must have full 

access to all inpatient and outpatient services of the hospital. 

 

c. Financial Integration.  The financial operations of the HOPD must be fully integrated 

within the financial system of the hospital, as evidenced by shared income and expenses 

between the hospital and the HOPD. The costs of the HOPD must be reported in a cost 

center of the hospital and the financial status of the HOPD must be incorporated and 

readily identified in the hospital’s trial balance.  

 

d. Public Awareness.  The HOPD must be held out to the public and other payors as being 

part of the hospital (i.e., by including such locations in phone books, websites, marketing 

and hospital brochures). Patients must be made aware when they enter the HOPD that 

they are entering an outpatient department of the hospital and must be billed accordingly. 

 

The government has indicated that satisfying each of these requirements is an important part of 

demonstrating that a HOPD is an integral part of the hospital. 

 

2. Requirements Applicable to Off-Campus Locations.  Medicare requires the HOPD to be 

located on the main hospital’s campus, defined as an area within 250 yards of the hospital’s 

main campus,25 or the HOPD must be located within a 35-mile radius of the main provider.26 

If the HOPD’s location falls within 250 yards of the hospital’s main campus, the facility is 

essentially considered an on-campus entity. If, however, the ASC is located farther than 250 

yards from the hospital campus, but within a 35-mile radius, the facility is an off-campus 

entity and may qualify for HOPD designation. If the HOPD is off-campus, it will also need to 

satisfy certain requirements applicable to off-campus facilities.  

 

a. Ownership and Control by the Hospital 
 

i. The HOPD must be wholly-owned by the hospital and must operate under the 

hospital’s governing body and in accordance with the hospital’s bylaws, rules, 

regulations and operating decisions. It is not necessary to establish a new holding 

company to own the off-campus locations; and 

 

ii. The hospital must also have final responsibility for administrative decisions, final 

approval for contracts with outside parties effecting the location, final responsibility 

for personnel policies and final approval for medical staff appointments. 

 

                                                 
25 42 C.F.R. §413.65(a)(2). 
26 42 C.F.R §413.65(e)(3)(i). 
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b. Administration and Supervision by the Hospital 
 

i. The HOPD must have a reporting relationship with the hospital that has the same 

frequency, intensity, and level of accountability that exists in the relationship 

between the hospital and an existing department — in essence, direct supervision;  

 

ii. The administrator of the HOPD must maintain a reporting relationship with a 

manager at the hospital that is the same as the relationship between the manager and 

other hospital departments and be accountable to the hospital’s governing body; and 

 

iii. Administrative functions of the HOPD must be integrated with the hospital, 

including billing, records, human resources, payroll, employee benefits, salary 

structures, and purchasing services. Either the same employees must handle these 

administrative functions for the HOPD and the hospital, or the administrative 

functions for both entities must be contracted out under the same contract agreement, 

or the administrative functions must be handled under different contract agreements 

but the HOPD’s contract be managed by the hospital. 

 

3. Requirements Applicable to Hospital Outpatient Department.  The location, and the 

physicians providing services at such location, will also need to meet the following 

requirements applicable to HOPDs. 

 

a. Site-of-Service Codes.  Physicians would be required to bill Medicare Part B physician 

services using the correct site-of-service code (e.g., hospital code POS 22, instead of 

physician office code POS 11). 

 

b. Medicare Provider Agreement. The location must comply with the hospital’s Medicare 

Provider Agreement. 

 

c. Civil Rights Act Compliance. Physicians would be required to comply with the non-

discrimination provisions of the Civil Rights Act. 

 

d. Treatment as Hospital Outpatients. The hospital must treat all Medicare patients 

receiving services at the HOPD, for billing purposes, as hospital outpatients (i.e., the 

hospital cannot treat some Medicare patients to which it provides services as physician 

office patients and other Medicare patients as hospital patients). 

 

e. Patient Notice. The hospital must provide written notice to Medicare beneficiaries, prior 

to the delivery of service, of the amount of the beneficiary’s potential financial liability 

(i.e., the co-insurance liability amounts for an outpatient visit to the hospital and for the 

provision of physician professional services). 

 

f. Payment Window Requirements. If a patient is admitted to the hospital as an inpatient 

after receiving care in the HOPD, payments for services provided in the HOPD are 

subject to the three-day payment window provisions such that outpatient diagnostic 

services related to the admission furnished by the admitting hospital within three days 

immediately preceding the Medicare beneficiary’s admission are deemed to be inpatient 

services and included in the inpatient payment. 
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g. Incident-To Services. A physician must be present (on campus or within the same 

building) and immediately available to furnish assistance and direction throughout the 

performance of procedure performed by mid-level practitioners. This does not mean that 

a physician must be present in the room when the procedure is being performed. 

 

h. Conditions of Participation. The location would also be required to comply with all 

health and safety rules for Medicare hospitals and to satisfy Medicare hospital conditions 

of participation (including hospital building code requirements). 

 

If the location can satisfy all these requirements, it is likely the hospital will be able to qualify the 

location as an off-campus provider-based HOPD. 

 

4. Requirements Applicable to Off-Campus Facilities Operated Under Management Contracts.  

If a provider-based HOPD is not located on the main campus of the hospital but is operated 

under a management contract, it must also meet the following criteria: 

 

a. Staff Employment.  The hospital must employ the staff of the HOPD who are directly 

involved in the delivery of patient care, except for management staff and certain other 

staff. The hospital may not otherwise utilize the services of “leased” employees (i.e., 

personnel who are actually employed by the management company but provide services 

for the hospital under a staff leasing or similar agreement) who are directly involved in 

the delivery of patient care. 

 

b. Control.  The administrative functions of the HOPD must be integrated with the hospital, 

and the hospital must have significant control over the HOPD’s operations. 

 

c. The Management Contract.  The management contract must be held by the hospital, not 

by a parent organization that controls both the hospital and the HOPD, if applicable. 

 

C.  Licensing and Certificate of Need. 
Hospitals converting an ASC into an HOPD also need to consider various licensure and permit 

requirements. For example, if the hospital is located in a Certificate of Need state, it may need to 

obtain approval from the state Certificate of Need board before the ASC can be sold and converted 

to an HOPD. In addition, depending on the state licensure requirements, the facility may be 

required to obtain heath-care facility licenses maintained through the state’s Department of 

Health.27 Various notices and forms must be filed with Medicare and the state’s Medicaid 

programs. A hospital will also need to examine the various accreditation and local, state and 

federal licenses and permit requirements for the conversion.  
 

D.  Co-Management Agreements. 
Co-management arrangements are frequently used to align and reward physicians for assisting in 

managing a surgery center and often include incentive compensation to improve the facility’s 

quality and efficiency. A typical co-management relationship involves an agreement between a 

hospital and a specialty physician group, such as a cardiology or orthopedic group, whereby either 

                                                 
27 E.g. see S.C. Code 44-7-260 (2011), South Carolina facility license. 
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the physician group alone, or the physician group in partnership with the hospital, manages the 

operational and clinical activities of a hospital-based specialty service line. Generally, the co-

management agreement provides for fair market value compensation in exchange for the provision 

of management services. Under a typical co-management agreement, the compensation includes 

an annual base fee and a quality-based incentive fee. The base fee is pre-determined, consistent 

with the fair market value of the services provided, and includes compensation for management 

and oversight in addition to service line development activities. The incentive fee is typically 

structured to include a series of pre-determined payments that are contingent on the achievement 

of specified, mutually agreed-upon quantifiable targets based on quality improvement and 

efficiency. Such arrangements, however, implicate a unique combination of regulatory issues. 

 

E.  The Anti-Kickback Statute. 
Payments under a co-management arrangement implicate the federal Anti-Kickback Statute 

because they could be interpreted as remuneration to physicians in exchange for referrals to the 

hospital. The personal services and management contracts safe harbor is the most applicable safe 

harbor to a co-management relationship. In order to qualify for safe harbor protection, the 

arrangement must: (i) be set out in writing and signed by the parties; (ii) specify the services to be 

provided;(iii) if the agreement is intended to provide for services on a periodic, sporadic or part-

time basis, the agreement must specify the exact schedule of such intervals, their precise length, 

and the exact charge for such intervals; (iv) the term must be for not less than one year; (v) the 

compensation must be set in advance, consistent with fair market value, and not determined in a 

manner that takes into account the volume or value of referrals; and (vi) the services performed 

under the agreement must not involve the counseling or promotion of a business arrangement or 

other activity that violates any state or federal law. 42 CFR 1001.952(d). 

 

A co-management arrangement providing for a percentage-based compensation structure (for 

example, with an incentive fee that varies based on achievement of certain clinical quality 

improvement metrics) likely would not satisfy the personal services and management contracts 

safe harbor. The personal services and management contracts safe harbor requires “aggregate 

compensation” to be set in advance, and the OIG’s position is that percentage compensation is not 

“set in advance.” However, a co-management arrangement can meet many of the other elements of 

this safe harbor. Specifically, a co-management agreement should be set forth in writing and 

include all the services to be provided; the term of the agreement should be for a duration of one 

year or greater; any contracted services should be reasonably necessary to accomplish the business 

purposes of the agreement; and the compensation should be consistent with fair market value in 

arms-length transactions and not take into account the volume or value of referrals.  

 

As is the case with the purchase price paid to physicians in the hospital’s acquisition of the ASC, 

the hospital’s payments under a co-management arrangement should be supported by an 

independent third-party fair market valuation. The compensation and incentive payment structure 

should be revisited throughout the course of the relationship to ensure that incentive payments are 

being provided only for performance improvements and to ensure that the compensation is still 

fair market value. If compensation provided is not commensurate with fair market value, such 

compensation could be construed as a kickback from the party paying greater than fair market 

value for the services actually provided.  
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F.  Stark Law. 
Payments under a co-management arrangement also implicate the Stark Law. The Stark Law 

personal service arrangements and fair market value exceptions are potentially applicable to co-

management agreements. Both of these exceptions contain a requirement that the compensation 

must be consistent with fair market value, set in advance, and not vary with the volume or value of 

referrals. The “set in advance” requirement permits a specific formula that is set in advance, can 

be objectively verified and does not vary with the volume or value of business generated. For 

example, an incentive fee based on achievement of objectively verifiable clinical quality 

improvement metrics should be acceptable. In 2009, CMS proposed a new Stark Law exception28 

for incentive plans/shared service plans. However, the exception was never finalized. 

 

G.  False Claims Act. 
Co-management agreements can also lead to liability under the False Claims Act (FCA). Liability 

under the FCA occurs when (1) a person or entity knowingly presents, or causes to be presented, a 

false or fraudulent claim for payment or approval; (2) knowingly makes, uses, or causes to be 

made or used, a false record or statement material to a false or fraudulent claim; or (3) conspires to 

commit a violation of any of certain provisions of the False Claims Act (including the two listed 

above). Violations of the FCA are punishable by penalties of not less than $5,500 and not more 

than $11,000 per claim, plus treble damages for the amount of damages the government sustains. 

FCA actions can be based on Anti-Kickback Statute and/or Stark Law violations. If a claim that a 

hospital submits to Medicare was improperly induced or violated the Stark Law, then it may also 

be a false claim. 

 

H.  Civil Monetary Penalties Law. 
A co-management structure that incentivizes behavior to reduce costs could run afoul of the Civil 

Monetary Penalty (CMP) statute29. The CMP statute prohibits a hospital from knowingly making a 

payment, directly or indirectly, to a physician as an inducement to reduce or limit services to a 

Medicare or Medicaid beneficiary. A physician who knowingly accepts payment in violation of 

the CMP could be fined up to $2,000 for each such individual with respect to whom the payment 

is made. In addition, violators face potential exclusion from federal and state heath-care programs. 

 

Since 2001, the Office of Inspector General (OIG) has issued favorable advisory opinions on 

gainsharing and performance-based compensation arrangements, and recently issued Advisory 

Opinion No. 12-22 specifically addressing a co-management arrangement.  

 

I.  Advisory Opinion No. 12-22. 
Recently, the OIG issued new guidance on co-management agreements in an advisory opinion. On 

Jan. 7, 2012, the OIG published Advisory Opinion No. 12-22, which addressed a co-management 

agreement between a hospital and physicians that was designed to align incentives by offering 

compensation based on quality, service, and cost cost-saving measures. This is the first time the 

OIG has specifically addressed a co-management arrangement of this nature, but the OIG’s 

analysis mirrors concepts from other advisory opinions regarding gainsharing and performance-

based compensation arrangements. The OIG analyzed the arrangement under both the CMP and 

the Anti-kickback Statute. The OIG concluded that the agreement could constitute improper 

                                                 
28 73 Fed. Reg. 38502, 38604-05. 
29 42 U.S.C. § 1320a-7a. 
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payment to either reduce or limit services or induce referrals under the CMP law; however, the 

OIG did not impose any sanctions due to several safeguards in the arrangement. These safeguards 

included the following: 

 

i. Both the fixed fee and incentive fees under that arrangement reflected fair market value 

as supported by an independent, third-party valuation. Further, the arrangement provided 

that the physician group would provide substantial services to earn the fees. 

 

ii. The fee paid to the physician group did not increase as a result of an increase in the 

number of patients treated at or referred to the hospital. Further, the incentive fee was 

capped at a certain amount each year and did not fluctuate based on the number of 

patients treated.  

 

iii. The physician group agreed that the compensation received under the arrangement would 

be distributed to its member physicians pro rata based upon the amount of ownership 

interest in the group practice and not in any way based upon individual participation 

under the arrangement. 

 

iv. The physicians agreed that they would not (a) stint on care of patients; (b) increase 

referrals to the hospital; (c) cherry-pick healthy patients with desirable insurance for 

treatment at the hospital; or (d) accelerate patient charges to earn the performance fee. 

 

v. The hospital used an independent utilization review body to review the cost-savings 

measures implemented under the arrangement. In addition, the employee satisfaction, 

patient satisfaction, and quality components of the arrangement were monitored on 

multiple levels by a performance improvement committee, a peer review committee, the 

medical executive committee, and the hospital’s board of directors.  

 

vi. The arrangement allowed for flexibility in physician decision-making. The arrangement 

encouraged physicians to efficiently manage the use of supplies and products, but did not 

limit or restrict the physicians’ abilities to offer patient services or have access to any 

supply or device that a physician considered clinically appropriate for patient care. In 

addition, the hospital used an independent, third-party utilization review body to analyze 

the clinical appropriateness of procedures performed in the facility. Further, the cost-

savings benchmarks were based on the “aggregated performance” of the physician group 

so that earning the incentive fee was not dependent upon meeting a specific standard for 

each particular patient. 

 

vii. The performance measures were very detailed and based on national standards, 

independent utilization reviews, and employee and patient satisfaction measures.  

 

viii. The physician group could not receive the incentive fee if it did not satisfy the baseline 

measure for the various components so that the physician group was not rewarded for 

maintaining the status quo.  

 

ix. The term of the arrangement was limited to three years.  
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x. The hospital notified patients and their families in writing of the arrangement prior to 

patients’ receiving services. 

 

VI.  CONCLUSION 
While the ASC industry has experienced tremendous growth over the past three decades, that growth 

has slowed in recent years. One factor contributing to the slowing growth may be the recent trend of 

hospital acquisitions of ASCs and their conversions to HOPDs. These types of transactions are 

appealing to hospitals and physicians for a number of reasons, including increased reimbursement for 

hospitals, and less risk for physicians. However, the result of these transactions is an increase in cost to 

Medicare, patients and other payors. Further, they involve a complex set of regulatory issues that 

physicians and hospitals must navigate. Physicians and hospitals should pay careful attention to 

structuring these transactions, especially in light of the OIG’s focus on them in this year’s work plan. 

 




