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PROMPTED BY CONCERNS ABOUT

perioperative safety with bar-
iatric surgery, the Centers for
Medicare & Medicaid Ser-

vices (CMS) issued a national cover-
age decision in 2006 that limited cov-
erage of weight loss surgery to centers
of excellence (COEs).1-4 These COEs
were accredited by 1 of 2 surgical pro-
fessional organizations: the American
College of Surgeons (ACS) or the
American Society for Metabolic and Bar-
iatric Surgery (ASMBS). In addition to
other structural measures and pro-
cesses of care, the accreditation was
based on a hospital volume threshold
(�125 cases/year).2,5

Whether the CMS restriction of bar-
iatric surgery to COEs is associated with
improved outcomes remains uncer-
tain. Previous studies comparing COEs
with non-COEs have largely failed to
identify better outcomes at COEs.6,7 In
contrast, studies examining outcomes
before and after the CMS national cov-
erage decision have suggested a ben-
eficial effect of the CMS policy restrict-
ing bariatric surgery to COEs.8,9

However, because these latter stud-
ies lacked a control group, they were

unable to isolate the effect of the CMS
national coverage decision from the
many other unrelated factors that may
have improved bariatric surgery out-
comes during the same period. For ex-
ample, improved outcomes could have
been due to the use of lower risk pro-
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Importance Starting in 2006, the Centers for Medicare & Medicaid Services (CMS)
has restricted coverage of bariatric surgery to hospitals designated as centers of ex-
cellence (COE) by 2 major professional organizations.

Objective To evaluate whether the implementation of the COE component of the
national coverage decision was associated with improved bariatric surgery outcomes
in Medicare patients.

Design, Setting, and Patients Retrospective, longitudinal study using 2004-
2009 hospital discharge data from 12 states (n=321 464 patients) of changes in out-
comes in Medicare patients undergoing bariatric surgery (n=6723 before and n=15 854
after implementation of the policy). A difference-in-differences analytic approach was
used to evaluate whether the national coverage decision was associated with im-
proved outcomes in Medicare patients above and beyond existing time trends in non-
Medicare patients (n=95 558 before and n=155 117 after implementation of the policy).

Main Outcome Measures Risk-adjusted rates of any complication, serious com-
plications, and reoperation.

Results Bariatric surgery outcomes improved during the study period in both Medi-
care and non-Medicare patients; however, this change was already under way prior
to the CMS coverage decision. After accounting for patient factors, changes in pro-
cedure type, and preexisting time trends toward improved outcomes, there were no
statistically significant improvements in outcomes after (vs before) implementation of
the CMS national coverage decision for any complication (8.0% after vs 7.0% be-
fore; relative risk [RR], 1.14 [95% CI, 0.95-1.33]), serious complications (3.3% vs 3.6%,
respectively; RR, 0.92 [95% CI, 0.62-1.22]), and reoperation (1.0% vs 1.1%; RR, 0.90
[95% CI, 0.64-1.17]). In a direct assessment comparing outcomes at hospitals desig-
nated as COEs (n=179) vs hospitals without the COE designation (n=519), no sig-
nificant differences were found for any complication (5.5% vs 6.0%, respectively; RR,
0.98 [95% CI, 0.90-1.06]), serious complications (2.2% vs 2.5%; RR, 0.92 [95% CI,
0.84-1.00]), and reoperation (0.83% vs 0.96%; RR, 1.00 [95% CI, 0.86-1.17]).

Conclusions and Relevance Among Medicare patients undergoing bariatric sur-
gery, there was no significant difference in the rates of complications and reoperation
before vs after the CMS policy of restricting coverage to COEs. Combined with prior
studies showing no association of COE designation and outcomes, these results sug-
gest that Medicare should reconsider this policy.
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cedures (eg, laparoscopic gastric band-
ing), increasing surgeon experience, fel-
lowships for advanced training in
laparoscopic bariatric surgery, or
healthier patients undergoing surgery
due to broader acceptance of weight loss
surgery.

In this study, we sought to evaluate
whether the COE component of the
national coverage decision was associ-
ated with improved bariatric surgery
outcomes in Medicare patients. Our
objective was to examine outcomes in
Medicare patients before compared
with after the implementation of the
CMS policy that restricted coverage of
bariatric surgery to hospitals desig-
nated as COEs. We controlled for
secular trends using a control group of
non-Medicare patients to better
account for other factors that may
have lead to improved outcomes with
t ime, independent of the CMS
policy.10-12

METHODS
Data Sources and Study
Population

We used data from the State Inpatient
Databases, which were created by the
Agency for Healthcare Research and
Quality as part of its Healthcare Cost
and Utilization Project.13 Each State In-
patient Database includes all inpatient
discharges from short-term, acute care,
nonfederal, general, and other spe-
cialty hospitals in participating states.
We used 2004-2009 hospital dis-
charge data from the 12 states of Ari-
zona, California, Florida, Iowa, Mas-
sachusetts, Maryland, North Carolina,
Nebraska, New Jersey, New York,
Washington, and Wisconsin.

We chose these 12 states because
they (1) were geographically dis-
persed across the United States (allow-
ing for diversity in our sample), (2)
were available for the period we were
studying, and (3) had relatively large
sample sizes. Discharge records from
these databases contain information col-
lected from billing records, including
patient demographics, International
Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-

CM) procedures, diagnoses, expected
payer, admission and discharge dates,
and discharge disposition.

We identified all patients undergo-
ing bariatric surgery using a previously
validated coding algorithm reliant on a
combination of ICD-9-CM and diagno-
sis related group (DRG) codes.4,7,14 To
optimize the clinical specificity of these
algorithms, we further validated the al-
gorithm using the more clinically pre-
cise Current Procedural Terminology
codes in a cohort of Medicare benefi-
ciaries whose data we had.1,8

To be included in the study popula-
tion, patients had to have a procedure
code for bariatric surgery (ICD-9-CM
codes 43.89, 44.3, 44.31, 44.38, 44.39,
44.68, 44.95, 44.96, 44.97, 44.99, 44.5,
45.51, and 45.9) with a confirmatory
primary or secondary diagnosis code for
morbid obesity (ICD-9-CM codes 278.0,
278.00, 278.01, and V77.8) and a DRG
code for weight loss surgery (DRG code
288 through October 1, 2007, and MS-
DRG code 619-621 after October 1,
2007).

We excluded patients with a diag-
nosis code for abdominal cancer (ICD-
9-CM codes 150.0-159.9 or 230.1-
230.9) to ensure that our cohort
represented only patients undergoing
bariatric surgery.

For certain analyses, we subdivided
our cohort into 4 categories according
to primary procedure codes: open
Roux-en-Y gastric bypass surgery (ICD-
9-CM codes 44.39 and 44.31), laparo-
scopic Roux-en-Y gastric bypass
surgery (ICD-9-CM code 44.38),
laparoscopic adjustable gastric band-
ing surgery (ICD-9-CM code 44.95),
and other (the remaining procedure
codes other than the above 3 catego-
ries). Because the specific ICD-9 pro-
cedure code for a laparoscopic gastric
bypass surgical procedure was not avail-
able before October 1, 2004, we con-
sidered patients with an ICD-9-CM code
for diagnostic laparoscopy, laparo-
scopic lysis of adhesions, or laparo-
scopic cholecystectomy (ICD-9-CM
codes 54.21, 54.51, or 51.23) in addi-
tion to a gastric bypass ICD-9-CM code
as having laparoscopic gastric bypass.

We did not include sleeve gastrec-
tomy in this study because it was in-
frequently performed (�1% of cases in
this cohort).

Outcome Variables

We investigated whether the restriction
of surgery to COEs as part of the 2006
Medicare national coverage decision was
associated with improved outcomes of
bariatric surgery. Because mortality af-
ter bariatric surgery is so rare, we used
any complication, serious complica-
tions, and reoperation as our main out-
come variables.6,15 Complications were
ascertained from primary and second-
ary ICD-9-CM diagnostic and proce-
dure codes from the index hospitaliza-
tion. We chose a subset of codes used in
prior studies of bariatric surgery out-
comes (the full list appears in the eTable
at http://www.jama.com).14,16,17

We defined serious complications as
the presence of a coded complication
and an extended length of hospital stay
(�5 days). Because most patients with-
out complications are discharged within
2 or 3 days of surgery,6 the addition of
the extended length-of-stay criterion in-
creased the specificity of the outcome
variable.18 We ascertained any reopera-
tion using ICD-9-CM procedure codes
indicating secondary procedures dur-
ing the index hospitalization.16,17 Re-
operation is relatively common after
bariatric surgery, including interven-
tions for leaks, bleeding, and bowel ob-
structions.

Statistical Analysis

The goal of this analysis was to exam-
ine whether the CMS national cover-
age decision was associated with im-
proved outcomes after fully taking into
account temporal trends toward lower
complication rates in bariatric sur-
gery. We used an econometric tech-
nique, the difference-in-differences ap-
proach, which is commonly used to
evaluate the effect of policy changes.10-12

This approach isolates changes in out-
comes associated with a policy change
above and beyond any secular changes
observed in a control group not ex-
posed to the policy change.
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We chose non-Medicare patients un-
dergoing bariatric surgery as the con-
trol group because they were exposed
to all other factors driving improved
outcomes over time except the Medi-
care coverage decision. For our main
analysis, we included patients under-
going all bariatric surgery procedures
(ie, gastric bypass and laparoscopic ad-
justable gastric banding).

The CMS national coverage deci-
sion implemented 2 major changes: (1)
the restriction of bariatric surgery in
Medicare beneficiaries to COEs and (2)
provided universal coverage for lapa-
roscopic banding procedures for Medi-
care patients. The use of laparoscopic
banding operations increased in non-
Medicare patients around the time the
national coverage decision was imple-
mented.18 Inclusion of patients receiv-
ing either laparoscopic banding or gas-
tric bypass in our main analysis allowed
us to account for the potential change
in outcomes due to increased use of
laparoscopic banding.

Prior to using non-Medicare pa-
tients as a control group, we empiri-
cally assessed whether they were sub-
ject to spillover effects. In the context
of policy evaluation, spillover effects oc-
cur when a group that is not directly
exposed to the policy is indirectly ef-
fected. For example, the restriction of
surgery to COEs for Medicare patients
could change patterns of referral for all
patients (including non-Medicare pa-
tients). If non-Medicare patients are
more likely to have surgery at COEs due
to this indirect effect, they could po-
tentially have better outcomes as a re-
sult.12 If these spillover effects are
present (analogous to contamination in
a randomized clinical trial), non-
Medicare patients would not be an ideal
control group.

To assess for spillover effects in our
study, we created logistic regression
models limited to non-Medicare pa-
tients for each outcome variable. The
predecision-postdecision indicator vari-
able for the onset of the policy change
was the variable of interest. We also ad-
justed for linear time trends (each quar-
ter of a year during the study period),

patient characteristics, and procedure
type. If the predecision-postdecision in-
dicator is not significantly different from
an odds ratio of 1.0, then there are no
significant improvements in out-
comes due to the policy (ie, no spill-
over effects in non-Medicare patients).

In preliminary analyses, we found no
evidence of spillover effects for any
complication (relative risk [RR], 1.00
[95% CI, 0.91-1.10]), serious compli-
cations (RR, 1.10 [95% CI, 0.89-
1.10]), or reoperation (RR, 1.00 [95%
CI, 0.80-1.20]). Therefore, we believe
that non-Medicare patients undergo-
ing bariatric surgery were the best-
available control group.

To perform the difference-in-
differences analysis, we used logistic re-
gression models to evaluate the rela-
tionship between each dependent
variable (any complication, serious
complications, and reoperation) and the
implementation of the coverage deci-
sion (the full details appear in the eFig-
ure and the eStatistical Methods). We
included a dummy variable indicating
whether the patient had surgery before
or after (ie, predecision-postdecision) the
coverage decision. Because the State In-
patient Databases do not have the dates
of surgery, we used admission quarter
to define whether patients had surgery
before or after the CMS coverage deci-
sion (defined as the first quarter of
2006).

To adjust for secular trends, we in-
cluded a continuous time variable that
accounted for linear time trends. Be-
cause 2 of the outcomes (any compli-
cation and serious complications) were
improving faster in Medicare patients
than non-Medicare patients prior to the
coverage decision, we also included the
interaction term Medicare�quarter to
account for this difference in the
models.

In addition, we added an interac-
tion term of Medicare�predecision-
postdecision to account for the Medi-
care (vs non-Medicare) variable and the
before-and-after policy implementa-
tion variable. The coefficient from this
interaction term (ie, the difference-in-
differences estimator) can be inter-

preted as the independent relation-
ship between the CMS national
coverage decision and improved out-
comes for Medicare patients.11,19,20

In all models, we adjusted for pa-
tient characteristics by entering the 29
Elixhauser comorbid diseases as indi-
vidual covariates, which is a widely used
and previously validated approach for
risk adjustment of administrative
data.21,22 The models were also ad-
justed for procedure type by includ-
ing a categorical dummy variable for the
4 main categories of bariatric proce-
dures: open gastric bypass, laparo-
scopic gastric bypass, laparoscopic gas-
tric banding, and other procedures.

We conducted several sensitivity
analyses to test the robustness of our
evaluation of the effect of the CMS na-
tional coverage decision for Medicare.
Our main analysis included all bariat-
ric procedures. Because most adverse
events occur after gastric bypass sur-
gery, we performed an analysis limit-
ing our cohort to patients undergoing
gastric bypass surgery.

Because the time trends in out-
comes may not be linear, we tested sev-
eral nonlinear approaches. Using non-
linear time trends had no effect on our
results. Due to the hierarchical nature
of our data, we repeated our analysis
using a hierarchical modeling strategy
(ie, using hospital random effects). The
use of random-effects models had no
effect on our results. Consequently, we
report the results using standard logis-
tic regression models with robust stan-
dard errors to account for patient
clustering.

In a separate analysis, we evaluated
whether hospitals designated as COEs
by the ACS and the ASMBS had better
outcomes than non-COEs. We identi-
fied hospitals with the COE designa-
tion for each quarter using the CMS list
of COE hospitals. We conducted a pa-
tient-level analysis comparing each of
the adverse outcomes in hospitals des-
ignated as COEs vs non-COEs at the
time the patient underwent surgery. In
these analyses, we adjusted for patient
characteristics, procedure type, and the
period (quarter and year of surgery).
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Given the strong secular trend to-
ward improved outcomes, and the in-
creasing number of COEs over time, ac-
counting for the period in which the
patient had surgery proved to be impor-
tant. Because Medicare patients no lon-
ger underwent bariatric surgery in non-
COEs after the coverage decision, we
performed our main analysis combin-
ing Medicare and non-Medicare pa-
tients together. However, we also per-
formed a sensitivity analysis comparing
outcomes at COEs with non-COEs for
Medicare and non-Medicare patients
separately, which demonstrated similar
findings. Given the possibility of unmea-
sured differences in patient characteris-
tics between those treated at COEs and
non-COEs, we conducted a sensitivity

analysis comparing these 2 groups using
an instrumentalvariableapproach. In this
analysis, we used the national coverage
decision as an instrument to pseudoran-
domize patients to COEs and non-
COEs. The results of this analysis also
demonstrated no difference between
COEs and non-COEs, enabling us to re-
port our results using standard logistic
regression.

We present our main analyses as RRs
instead of odds ratios because the lat-
ter may not be an accurate representa-
tion of the risk ratio when an outcome
variable is relatively common.23 We
used logistic regression models to es-
timate marginal effects, which were
then used to calculate the RRs and 95%
confidence intervals. We used a P value

of less than .05 as the threshold for sta-
tistical significance and all reported P
values are 2-sided. All statistical analy-
ses were conducted using Stata ver-
sion 11.0 (StataCorp).

RESULTS
Characteristics of Medicare and non-
Medicare patients before and after the
national coverage decision appear in
TABLE 1. There were 6723 Medicare pa-
tients who received bariatric opera-
tions in the State Inpatient Databases
before and 15 854 patients after the na-
tional coverage decision was issued.
There were 95 558 non-Medicare pa-
tients in the State Inpatient Databases
before and 155 117 patients after the na-
tional coverage decision policy.

Table 1. Characteristics of Medicare and Non-Medicare Patients Before and After the Medicare National Coverage Decision for Bariatric
Surgery

No. (%) of Patients Undergoing Bariatric Surgery
by National Coverage Decision Perioda

Medicare Non-Medicare

Predecision
January 2004 to

March 2006
(n = 6723)

Postdecision
April 2006 to

December 2009
(n = 15 854)

Predecision
January 2004 to

March 2006
(n = 95 558)

Postdecision
April 2006 to

December 2009
(n = 155 117)

Age, mean (SD), y 51.6 (11.4) 55.0 (11.7) 42.1 (10.5) 43.0 (11.0)

Female sex 5138 (76.7) 11 626 (73.5) 77 304 (82.0) 122 264 (79.4)

White race 4123 (72.9) 10 441 (74.8) 62 253 (74.3) 100 074 (71.7)

Procedure type
Open gastric bypass 3023 (45.0) 1525 (9.6) 37 967 (39.7) 13 113 (8.5)

Laparoscopic gastric bypass 2957 (44.0) 8232 (51.9) 47 854 (50.1) 98 584 (63.6)

Laparoscopic gastric banding 424 (6.3) 5467 (34.5) 6148 (6.4) 37 323 (24.1)

Other bariatric procedure 319 (4.7) 630 (4.0) 3589 (3.8) 6097 (3.9)

Hypertension 4365 (64.9) 10 902 (68.8) 45 739 (47.9) 78 891 (50.9)

Diabetes
Without chronic complications 2693 (40.1) 6911 (43.6) 22 824 (23.9) 41 474 (26.7)

With chronic complications 260 (3.9) 617 (3.9) 871 (0.9) 1737 (1.1)

Chronic pulmonary disease 1763 (26.2) 3772 (23.8) 16 109 (16.9) 26 377 (17.0)

Depression 1401 (20.8) 3241 (20.4) 15 519 (16.2) 27 188 (17.5)

Liver disease 681 (10.1) 1439 (9.1) 8456 (8.9) 15 373 (9.9)

Hypothyroidism 866 (12.9) 2041 (12.9) 8451 (8.8) 14 218 (9.2)

Psychoses 329 (4.9) 870 (5.5) 957 (1.0) 2021 (1.3)

Fluid and electrolyte disorders 309 (4.6) 499 (3.2) 2187 (2.3) 3017 (1.9)

Congestive heart failure 290 (4.3) 583 (3.7) 764 (0.8) 1106 (0.7)

Anemia 194 (2.9) 510 (3.2) 2338 (2.5) 4625 (3.0)

Other neurological disorders 153 (2.3) 470 (3.0) 595 (0.6) 1767 (1.1)

Renal failure 84 (1.3) 487 (3.1) 169 (0.2) 824 (0.5)

Pulmonary circulation disease 79 (1.2) 173 (1.1) 322 (0.3) 504 (0.3)

Coagulopathy 29 (0.4) 72 (0.5) 300 (0.3) 490 (0.3)

Paralysis 30 (0.5) 40 (0.3) 47 (0.1) 70 (0.1)

Peripheral vascular disease 65 (1.0) 162 (1.0) 405 (0.4) 477 (0.3)
aAge is expressed as mean (SD) but all of the other variables in this table are expressed as number (percentage).
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As expected, Medicare patients were
older than non-Medicare patients
and had more comorbid conditions
(Table 1). The average age of Medi-
care patients in this cohort was younger
than 65 years because a majority of pa-
tients undergoing bariatric surgery
qualified for Medicare due to disabil-
ity rather than age. After the national
coverage decision, the average age for
patients increased. Rates of other de-
mographics and comorbid conditions
were similar before and after the na-
tional coverage decision (Table 1).

There were large shifts in proce-
dure use during the periods surround-
ing the coverage decision (Table 1). The
use of laparoscopic surgery increased
for all patients undergoing bariatric sur-
gery, whereas the use of open gastric
bypass decreased for both Medicare
(45% before and 10% after the cover-
age decision; P � .001) and non-
Medicare patients (40% before and 9%
after the coverage decision; P� .001).

There was an increase in the use of lapa-
roscopic gastric banding for all pa-
tients (Table 1). Laparoscopic band
placement was more frequent in Medi-
care patients (6% before and 35% af-
ter the coverage decision; P� .001)
compared with non-Medicare pa-
tients (6% before and 24% after the cov-
erage decision; P� .001).

Rates of any complication, serious
complications, and reoperation de-
creased substantially after the CMS cov-
erage decision in both Medicare and
non-Medicare patients (TABLE 2).
Trends toward improved outcomes
were well under way before the imple-
mentation of the CMS restriction of care
to COEs (FIGURE). A large proportion
of the improved outcomes over time for
both Medicare and non-Medicare pa-
tients could be attributed to the changes
in procedure mix. After adjusting for
the type of bariatric procedure per-
formed, the RR for adverse outcomes
after (vs before) the CMS policy was

much lower (Table 2). In contrast, none
of the improvement could be attrib-
uted to the CMS policy.

After accounting for patient factors,
changes in procedure type and preex-
isting trends toward improved out-
comes, there were no measurable im-
provements in outcomes after (vs
before) implementation of the CMS na-
tional coverage decision for any com-
plication (8.0% after vs 7.0% before; RR,
1.14 [95% CI, 0.95-1.33]), serious com-
plications (3.3% vs 3.6%, respec-
tively; RR, 0.92 [95% CI, 0.62-1.22]),
and reoperation (1.0% vs 1.1%; RR, 0.90
[95% CI, 0.64-1.17]; Table 2). In a sen-
sitivity analysis limited to only gastric
bypass procedures, we found similar
findings for all adverse outcomes
(Table 2).

In an analysis to further explore the
null effect of the CMS national cover-
age decision, we directly compared out-
comes at COEs (n=179) vs non-COEs
(n=519). We found that COEs (as de-

Table 2. Rates of Adverse Outcomes Before and After the Implementation of the Centers for Medicare & Medicaid Services Policy Restricting
Bariatric Surgery to Centers of Excellence

No./Total (%) of Patients With
Adverse Outcome After Bariatric Surgery

by National Coverage Decision Period

Relative Risk (95% CI) of Adverse Outcomea

Simple Before vs After Comparison

Independent Effect
of the Policyb

Adjusted for
Patient Factors Only

Adjusted for
Patient Factors

and Procedure Type

Predecision
January 2004 to

March 2006

Postdecision
April 2006 to

December 2009

All bariatric surgery types
Any complication

Medicare 829/6723 (12.3) 1252/15 854 (7.9) 0.67 (0.60-0.74) 0.89 (0.77-1.00) 1.14 (0.95-1.33)

Non-Medicare 6203/95 558 (6.5) 7467/155 117 (4.8) 0.79 (0.75-0.84) 0.92 (0.84-0.99) 1 [Reference]

Serious complications
Medicare 501/6723 (7.5) 539/15 854 (3.4) 0.48 (0.42-0.55) 0.64 (0.44-0.83) 0.92 (0.62-1.22)

Non-Medicare 2786/95 558 (2.9) 2675/155 117 (1.7) 0.66 (0.61-0.70) 0.81 (0.70-0.92) 1 [Reference]

Reoperation
Medicare 127/6723 (1.9) 162/15 854 (1.0) 0.58 (0.46-0.73) 0.85 (0.58-1.12) 0.90 (0.64-1.17)

Non-Medicare 1067/95 558 (1.1) 1123/155 117 (0.7) 0.66 (0.59-0.75) 0.87 (0.71-1.03) 1 [Reference]

Gastric bypass surgery
Any complication

Medicare 773/5980 (12.9) 1004/9757 (10.3) 0.79 (0.72-0.88) 0.88 (0.75-1.00) 1.19 (1.01-1.38)

Non-Medicare 5918/85 821 (6.9) 6483/111 697 (5.8) 0.89 (0.85-0.93) 0.91 (0.83-0.99) 1 [Reference]

Serious complications
Medicare 457/5980 (7.6) 448/9757 (4.6) 0.59 (0.51-0.68) 0.66 (0.46-0.87) 0.98 (0.69-1.28)

Non-Medicare 2647/85 821 (3.1) 2383/111 697 (2.1) 0.76 (0.72-0.80) 0.81 (0.70-0.92) 1 [Reference]

Reoperation
Medicare 115/5980 (1.9) 126/9757 (1.3) 0.69 (0.54-0.88) 0.89 (0.61-1.17) 0.90 (0.62-1.18)

Non-Medicare 997/85 821 (1.2) 965/111 697 (0.9) 0.74 (0.66-0.84) 0.91 (0.75-1.06) 1 [Reference]
aThe logistic regression models also control for patient characteristics, changes in procedure type, and any differences in preimplementation trends in outcomes between Medicare and

non-Medicare patients.
bThe independent effect of the Centers for Medicare & Medicaid Services coverage decision is derived from a difference-in-differences model that represents improvement in outcomes

before and after the policy change in Medicare patients compared with non-Medicare patients (the control group was not exposed to the policy).
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fined by the CMS coverage decision) did
not have better outcomes than non-
COEs.

After accounting for patient factors,
procedure type, and the year of opera-
tion, patients undergoing bariatric sur-
gery at hospitals with the COE desig-
nation (vs hospitals without the COE
designation) did not have signifi-
cantly different rates for any compli-
cation (5.5% vs 6.0%, respectively; RR,
0.98 [95% CI, 0.90-1.06]), serious com-
plications (2.2% vs 2.5%; RR, 0.92 [95%
CI, 0.84-1.00]), and reoperation (0.83%
vs 0.96%; RR, 1.00 [95% CI, 0.86-
1.17]). In a sensitivity analysis that
evaluated Medicare and non-Medi-
care patients separately, we also found
no relationship between hospital COE
designation and adverse outcomes.

COMMENT
Perioperative outcomes of bariatric sur-
gery have improved substantially dur-
ing the past decade. These improved
outcomes might have been attribut-
able to evolving surgical technique and
the use of different types of proce-
dures. This included transitioning from
open to laparoscopic procedures and
the increased use of laparoscopic ad-
justable gastric banding.

Beyond changes in procedure use, a
strong underlying time trend of better
outcomes for bariatric surgery in both
Medicare and non-Medicare patients

was observed. We could not attribute
any outcome improvement to the CMS
policy restricting performance of bar-
iatric operations on Medicare patients
to COEs.

In the first study evaluating the in-
fluence of the national coverage deci-
sion, Nguyen et al9 evaluated out-
comes before and after the coverage
decision in Medicare patients under-
going bariatric surgery at academic
health centers. The seemingly better
outcomes after the coverage decision
were misleading and based on a simple
before vs after study design. When secu-
lar improvements in outcomes were
controlled for in our study, we found
no association with the CMS policy and
outcomes.

In a subsequent study using national
Medicare claims, Flum et al8 also found
fewer deaths, complications, and read-
missions after the coverage decision. The
study by Flum et al8 did adjust for lin-
ear time trends but did not adjust for
secular improvements in overall bariat-
ric outcomes because there was no con-
trol group of non-Medicare patients. Be-
cause we included such a control group,
our study more fully adjusted for other
unrelated factors, fueling improved out-
comes during this period.

Our study is consistent with prior
studies directly comparing outcomes at
COEs and non-COEs.6,7 In the earliest
study evaluating bariatric surgery out-

comes at COEs vs non-COEs, Livings-
ton7 found no significant differences in
a nationally representative sample of
hospitals. This study used administra-
tive data and lacked clinical detail. Birk-
meyer et al6 used high-quality clinical
registry data and confirmed these find-
ings, demonstrating no difference in risk-
adjusted rates of serious complications
between COEs and non-COEs.

The absence of a COE effect could
result from a lack of evidence-based
COE criteria. The criteria for becom-
ing a COE were established by expert
opinion and clinical consensus.2,5 There
were 3 primary criteria for COE desig-
nation: (1) hospital structure and pro-
cess elements, (2) minimum hospital
volume (�125 cases/year), and (3)
mandate to submit data to the ACS or
the ASMBS clinical registry.

The hospital structural require-
ments were mainly resources required
for severely obese patients receiving any
type of hospital care and did not sub-
stantially differ from existing Joint
Commission standards. Although these
measures had intuitive appeal, there was
no evidence that they would lead to
safer care. Hospital volume standards
do not reliably discriminate hospital
performance (ie, some high-volume
centers have substandard outcomes
and some low-volume centers have ex-
cellent outcomes). While numerous
studies have demonstrated volume-

Figure. Trends in Adverse Outcomes Before and After the Implementation of the Centers for Medicare & Medicaid Services Bariatric Surgery
National Coverage Decision
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Each data marker represents 2 quarters within each year. The national policy restricting coverage to centers of excellence was implemented starting in the first quarter
of 2006. Time trend curves were fit to these points using Lowess smoothing. The 95% confidence intervals are shown as shaded areas.
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outcome relationships with bariatric
surgery, this effect is relatively small
(compared with cancer surgery, for ex-
ample) and has likely declined over time
as the field has matured. In addition,
whereas both professional societies (the
ACS and the ASMBS) required that hos-
pitals submit data to clinical regis-
tries, these data were not used to pro-
vide feedback on outcomes to surgeons
and the outcomes themselves were not
used as criteria for COE determina-
tion.

Rather than the CMS policy restrict-
ing bariatric surgery to COEs, we found
that the improvement in outcomes over
time could be explained in part by the
evolution away from higher risk to-
ward lower risk procedures. Proce-
dure mix changed in 2 important ways.
First, there was a general shift away
from open to laparoscopic surgery,
which is consistent with broader trends
in surgery toward less invasive proce-
dures with more favorable safety pro-
files. This change was similar for both
Medicare and non-Medicare patients.

Second, there was a dramatic in-
crease in the use of laparoscopic gas-
tric banding, a safer but less effective
procedure. The increased use of lapa-
roscopic adjustable gastric banding
around the time of the coverage deci-
sion was higher for Medicare than non-
Medicare patients. Although this find-
ing is no doubt in part attributable to
the expanded coverage of laparo-
scopic adjustable gastric banding, the
disproportionate increase in Medicare
patients suggests that increased scru-
tiny of bariatric surgery in this popu-
lation influenced physician decision
making.

Our study found large improve-
ments in bariatric surgery outcomes
over time even after adjusting for
changes in procedure use. These im-
proved outcomes are likely due to nu-
merous factors related to the matur-
ing of bariatric surgery as a clinical
specialty. During the past decade, sur-
geons practicing bariatric surgery have
had a much greater cumulative expe-
rience and the techniques have been re-
fined over time. Bariatric surgery is also

dependent on technology, which has in-
crementally improved over time (eg,
new surgical stapling devices and high-
definition video equipment).

Bariatric surgeons also have much
more exposure to bariatric surgery in
general surgery residency training pro-
grams and many opportunities to par-
ticipate in postresidency fellowship
training in advanced laparoscopy and
bariatric surgery. In addition, as bar-
iatric surgery became more widely ac-
cepted, lower risk patients were choos-
ing to pursue weight loss surgery.

Our study used administrative data,
which have well-known limitations.
Perhaps the best known limitation of
administrative data is inadequate risk
adjustment.24 Comorbid diseases are de-
termined from discharge codes and are
not as reliable as clinical data ob-
tained directly from the medical rec-
ord. However, the study design we used
does account for unmeasured con-
founding factors.

Because we adjusted for time trends
in all of our models, we account for any
unmeasured differences in patient char-
acteristics that change over time.12 This
longitudinal study design is therefore
much less prone to bias due to unmea-
sured variables than a cross-sectional
study. Furthermore, based on studies
from clinical registries, we have no rea-
son to believe that patient mix has
changed substantially for bariatric sur-
gery during the period of this study.6,15

Complications ascertained from ad-
ministrative data are also not as accu-
rate as those determined from the medi-
cal record. To address this problem, we
limited our complications to a subset
of codes demonstrated to have the high-
est sensitivity and specificity.25 In ad-
dition, we have added prolonged length
of stay (�5 days) to our definition of
serious complications. Length of stay
is very accurate in administrative data
and, because the vast majority of pa-
tients are discharged on day 2 or 3, pro-
longed hospitalization is a reliable
marker of postoperative complica-
tions.18

The rates of any complication,
serious complications, and reopera-

tion in our present study track very
well with published estimates from
clinical registries.6,15 Moreover, the
consistency of our findings across
different outcomes—any complica-
tion, serious complications, and
reoperation—substantiate our find-
ings.

Our study was limited to periopera-
tive safety. We were not able to exam-
ine the association of the CMS cover-
age decision with longer-term outcomes,
including patient satisfaction, weight
loss, and comorbidity resolution. How-
ever, laparoscopic gastric banding, which
increased dramatically in Medicare pa-
tients after the coverage decision, has in-
ferior long-term outcomes compared
with other bariatric surgery proce-
dures, such as gastric bypass.26,27

There is accumulating evidence that
laparoscopic gastric banding also has
much higher rates of long-term com-
plications requiring reoperation for
band removal due to erosion and slip-
page.28-30 For these reasons, the CMS
coverage decision, which incentivized
lower risk procedures, may have had the
unintended consequence of sacrific-
ing long-term effectiveness for im-
proved short-term safety.

The most direct implications of this
study are for Medicare patients. We
found no association between the
implementation of the COE compo-
nent of the CMS national coverage de-
cision and improved bariatric surgery
outcomes. Consistent with prior stud-
ies, we also found no association be-
tween COE designation and better bar-
iatric surgery outcomes.

However, there are concerns about
the effect of the policy on patient ac-
cess. For example, in a study of pa-
tients undergoing bariatric surgery in
Texas, Livingston and Burchell31 found
a markedly increased travel distance in
Medicare patients after implementa-
tionof the CMS coverage decision.
Therefore, the CMS policy restricting
coverage to COEs has not been associ-
ated with improved outcomes for bar-
iatric surgery, but may have had the un-
intended consequence of reducing
access to care. These findings suggest
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that the CMS should reevaluate this
policy.
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