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Association of Hospital Participation in a Quality Reporting
Program With Surgical Outcomes and Expenditures
for Medicare Beneficiaries
Nicholas H. Osborne, MD, MS; Lauren H. Nicholas, PhD; Andrew M. Ryan, PhD;
Jyothi R. Thumma, MPH; Justin B. Dimick, MD, MPH

IMPORTANCE The American College of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP) provides feedback to hospitals on risk-adjusted outcomes. It is not
known if participation in the program improves outcomes and reduces costs relative to
nonparticipating hospitals.

OBJECTIVE To evaluate the association of enrollment and participation in the ACS NSQIP with
outcomes and Medicare payments compared with control hospitals that did not participate in
the program.

DESIGN, SETTING, AND PARTICIPANTS Quasi-experimental study using national Medicare
data (2003-2012) for a total of 1 226 479 patients undergoing general and vascular
surgery at 263 hospitals participating in ACS NSQIP and 526 nonparticipating hospitals.
A difference-in-differences analytic approach was used to evaluate whether participation
in ACS NSQIP was associated with improved outcomes and reduced Medicare payments
compared with nonparticipating hospitals that were otherwise similar. Control hospitals were
selected using propensity score matching (2 control hospitals for each ACS NSQIP hospital).

MAIN OUTCOMES AND MEASURES Thirty-day mortality, serious complications (eg, pneumonia,
myocardial infarction, or acute renal failure and a length of stay >75th percentile),
reoperation, and readmission within 30 days. Hospital costs were assessed using
price-standardized Medicare payments during hospitalization and 30 days after discharge.

RESULTS After accounting for patient factors and preexisting time trends toward improved
outcomes, there were no statistically significant improvements in outcomes at 1, 2, or 3 years
after (vs before) enrollment in ACS NSQIP. For example, in analyses comparing outcomes at 3
years after (vs before) enrollment, there were no statistically significant differences in
risk-adjusted 30-day mortality (4.3% after enrollment vs 4.5% before enrollment; relative risk
[RR], 0.96 [95% CI, 0.89 to 1.03]), serious complications (11.1% after enrollment vs 11.0%
before enrollment; RR, 0.96 [95% CI, 0.91 to 1.00]), reoperations (0.49% after enrollment vs
0.45% before enrollment; RR, 0.97 [95% CI, 0.77 to 1.16]), or readmissions (13.3% after
enrollment vs 12.8% before enrollment; RR, 0.99 [95% CI, 0.96 to 1.03]). There were also no
differences at 3 years after (vs before) enrollment in mean total Medicare payments ($40
[95% CI, −$268 to $348]), or payments for the index admission (−$11 [95% CI, −$278 to
$257]), hospital readmission ($245 [95% CI, −$231 to $721]), or outliers (−$86 [95% CI,
−$1666 to $1495]).

CONCLUSIONS AND RELEVANCE With time, hospitals had progressively better surgical
outcomes but enrollment in a national quality reporting program was not associated with the
improved outcomes or lower Medicare payments among surgical patients. Feedback on
outcomes alone may not be sufficient to improve surgical outcomes.
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I ncreased scrutiny of hospital performance has led to a
proliferation of clinical registries used to benchmark out-
comes. One of the most visible national quality reporting

programs is the American College of Surgeons National Surgi-
cal Quality Improvement Program (ACS NSQIP).1-3 The cor-
nerstone of this program is an extensive clinical registry, with
data abstracted directly from the medical record by trained
personnel.1,4,5 The program provides hospitals with reports
that include a detailed description of their risk-adjusted out-
comes (eg, mortality, specific complications, and length of
stay). These reports allow hospitals to benchmark their per-
formance relative to all other ACS NSQIP hospitals. Participat-
ing hospitals are encouraged to focus improvement efforts on
areas in which they perform poorly.

The extent to which participation in ACS NSQIP improves
outcomes is unclear. Several single-center studies from partici-
pating hospitals report improvement in outcomes after target-
ing an area of poor performance with a quality improvement
intervention.6,7 However, it is uncertain whether these changes
represent salutary effects of the ACS NSQIP program, improve-
ment that would have occurred without enrollment in the pro-
gram, or simply regression to the mean. The only study evalu-
ating all participating hospitals in the ACS NSQIP demonstrated
that the majority of hospitals improved their outcomes over
time.8 This study did not compare ACS NSQIP hospitals with a
control group, making it difficult to conclude whether improve-
ments in outcomes were truly associated with participation in
this program, or simply represent background trends toward im-
proved outcomes at all hospitals.

The objective of this study was to evaluate the association
of participation in the ACS NSQIP with outcomes and payments
among Medicare patients compared with control hospitals that
did not participate in the program over the same period.

Methods
Data Source and Study Population
Data from the Medicare Analysis Provider and Review files for
2003-2012 were used to create the main analysis data sets. This
data set contains hospital discharge abstracts for all fee-for-
service acute care hospitalizations of US Medicare recipients,
which accounts for approximately 70% of such admissions in
the Medicare population. The Medicare denominator file was
used to assess patient vital status at 30 days. The study was
reviewed and approved by the University of Michigan institu-
tional review board and was deemed exempt due to the use
of secondary data.

Using procedure codes from the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM), all patients aged 65 to 99 years undergoing any
of 11 high-risk general and vascular surgical procedures
were identified: esophagectomy, pancreatic resection, colon
resection, gastrectomy, liver resection, ventral hernia
repair, cholecystectomy, appendectomy, abdominal aortic
aneurysm repair, lower extremity bypass, and carotid
endarterectomy (eAppendix 1 in the Supplement contains a
complete list of ICD-9-CM codes). These procedures were

chosen because they are common, high-risk general and
vascular surgical procedures included in the ACS NSQIP reg-
istry. Because they account for the disproportionate share of
morbidity and mortality in ACS NSQIP, they are the highest
priority for quality improvement.9,10 To enhance the homo-
geneity of hospital case mix, small patient subgroups with
much higher baseline risks were excluded. Also excluded
were patients with procedure codes indicating that other
operations were simultaneously performed (eg, coronary
artery bypass and carotid endarterectomy) or were per-
formed under extremely high-risk conditions (eg, ruptured
abdominal aortic aneurysm).11-13 Missing data were found in
only 0.3% of race variable and 0.3% of hospital characteris-
tics. Because these represented less than 1%, those patients
were excluded from the analyses.14

Outcome Variables
Mortality, serious complications, reoperation, and readmis-
sion were assessed to determine whether enrollment in ACS
NSQIP was associated with improved outcomes. Mortality was
assessed as death within 30 days of the index surgical proce-
dure, which was ascertained from the Medicare beneficiary de-
nominator file. Complications were ascertained from primary
and secondary ICD-9-CM diagnostic and procedure codes from
the index hospitalization. A subset of codes that have been used
in several prior studies of surgical outcomes (eAppendix 2 in the
Supplement) was chosen, and these codes have been demon-
strated to have high sensitivity and specificity in surgical
populations.15-18 For this analysis, serious complications were
defined as the presence of a coded complication and an ex-
tended length of stay (>75th percentile for each procedure). Be-
cause most patients without complications are discharged ear-
lier, the addition of the extended length of stay criterion was
intended to increase the specificity of the outcome variable.19,20

Reoperations were ascertained using ICD-9-CM procedure codes
indicating secondary procedures during the index hospitaliza-
tion (eAppendix 3 in the Supplement). Reoperations are rela-
tively common in many of these high-risk procedures and are
accurately captured using ICD-9-CM procedure billing codes in
administrative data sets.21 Readmissions were defined as an ad-
mission to any hospital within 30 days after discharge from the
index procedure using standard methods.22

Medicare Payments
The association between enrollment in ACS NSQIP and
reduced Medicare payments was also assessed. Quality
improvement efforts can potentially decrease costs of care by
preventing complications and lowering the intensity of
resource use, which would be reflected in lower Medicare
payments. Medicare facility payments were therefore used to
explore the association of ACS NSQIP participation and lower
resource use among Medicare beneficiaries.23-25 For this
study, Medicare facility payments from the Medicare Analy-
sis Provider and Review were used, which include all pay-
ments related to the index hospitalization, readmissions, and
high-cost outliers. Because Medicare payments vary across
hospitals (eg, payments for disproportionate share of low-
income patients and graduate medical education) and geo-
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graphic regions (eg, payments are indexed to reflect differ-
ences in wages), a previously described method to “price-
adjust” Medicare payments was used.25,26 In these analyses,
all payments were adjusted for the year of operation by stan-
dardizing prices to the most recent year of data available.

Statistical Analysis
The goal of this analysis was to examine whether enrollment in
the ACS NSQIP program was associated with improved out-
comesforMedicarepatientscomparedwithsimilarhospitalsthat
did not participate during the same period. A difference-in-
differences approach was used, which is an econometric method
for evaluating changes in outcomes occurring after implemen-
tation of a policy.27-30 This approach isolates the improvement
in outcomes related to an intervention (ie, enrollment in ACS
NSQIP) that exceeds changes over the same period in a control
group that was not exposed to the intervention. Enrollment in
the ACS NSQIP was ascertained from the program’s semian-
nual reports. Because the University of Michigan was a partici-
pating site throughout the study period, regular semiannual re-
ports were received, which include a list of all currently
participating hospitals. Hospitals were assigned an enrollment
date based upon when they the first appeared in the semian-
nualreport.Moreover,theseenrollmentdateswereverifiedusing
archival data of the ACS NSQIP website available to the general
public from the Internet Archive.31 However, because the hos-
pital list on the website may not be current, this source was only
used to confirm (and not rule out) hospital participation.

Because the ACS NSQIP hospitals may not be representa-
tive of all hospitals, 2 separate strategies to adjust for the po-
tential differences between ACS NSQIP and control hospitals
were employed. First, propensity scores were used to match
ACS NSQIP hospitals and control hospitals on baseline out-
comes, surgical volume, and preenrollment trends in out-
comes. To ensure that hospitals in the study and control groups
were on the same trajectory for postoperative outcomes be-
fore ACS NSQIP enrollment of the study hospitals, they were
matched for risk-adjusted mortality for year 1 and year 2 prior
to ACS NSQIP enrollment. This matching ensured that our con-
trol hospitals and ACS NSQIP hospitals had “parallel trends”
in the preenrollment period, which is one of the key assump-
tions of a difference-in-differences methodology.32,33 Sec-
ond, multivariate adjustment was used to account for all ob-
servable hospital and patient characteristics that were not
included in the propensity score model.

To create propensity scores for hospital matching, a logis-
tic regression model was created with ACS NSQIP participa-
tion (vs not participating) as the dependent variable. Annual
surgical volume, baseline risk-adjusted outcomes, and preen-
rollment trends in risk-adjusted outcomes were included as in-
dependent variables. This matching creates a matched co-
hort of ACS NSQIP and control hospitals with parallel trends
in the 3 years prior to enrollment. Preenrollment trends in out-
comes, within and between ACS NSQIP hospitals and control
hospitals, were compared using univariate statistics and no sig-
nificant difference in preenrollment mortality was noted over
the preenrollment period. The C statistic for the propensity
score model was 0.85, indicating excellent discrimination.

For matching, a caliper width of 0.2 times the standard de-
viation of the propensity score without replacement was
used.34 Using a caliper width of 0.2 times the standard devia-
tion of the propensity score yielded a 100% match of all ACS
NSQIP hospitals with excellent reduction in bias (eAppendix
4 in the Supplement). A sensitivity analysis was performed nar-
rowing the caliper width to 0.1, which demonstrated similar
findings, but the caliper width excluded 60 ACS NSQIP hos-
pitals, so a 0.2 caliper width was chosen. Although there was
a very large pool of potential hospitals (ie, not participating in
ACS NSQIP), it was determined that 1:2 matching (1 ACS NSQIP
hospital to 2 control hospitals) was optimal based on the de-
gree of bias reduction and percentage of ACS NSQIP hospitals
matched.34 Further attempts to improve the bias reduction
yielded fewer matched hospitals (fewer than all 263 partici-
pating ACS NSQIP hospitals could be matched to control hos-
pitals). Covariate imbalance before and after matching was
checked with t tests for equality of means, and standardized
percentage bias before and after matching (together as the
achieved percentage reduction in absolute bias) and using
pseudo-R2. This propensity score matching resulted in an over-
all 98.4% reduction in bias and excellent overlap in propen-
sity scores for the included variables (eAppendix 4 and eFig-
ure in the Supplement). This reduction in bias reflects that
among the 3 variables included in the propensity model, 98%
of the imbalance in covariates was removed after matching.
The pseudo-R2 was .01 following matching. There were no sig-
nificant differences between preenrollment trends in out-
comes between matched ACS NSQIP and control hospitals,
thereby satisfying the “parallel trends” assumption.28,33

To perform the difference-in-differences analysis, regres-
sion models were used to evaluate the relationship between
each dependent variable (mortality, serious complications, re-
operations, readmissions, and Medicare payments) and en-
rollment in ACS NSQIP. Nonparticipating control hospitals were
assigned the same enrollment year as their corresponding
matched ACS NSQIP hospitals. For the dichotomous outcome
variables, logistic regression was used, and for the continu-
ous Medicare payment variables, generalized linear models
with a log link were used. A dummy variable was included, in-
dicating whether the patient had surgery before enrollment or
after enrollment in ACS NSQIP, defined at year 1 after enroll-
ment, year 2 after enrollment, and year 3 after enrollment. To
adjust for linear time trends, a yearly time variable was in-
cluded. Finally, 3 interaction terms of the ACS NSQIP (vs non–
ACS NSQIP hospital [control]) variable and the before enroll-
ment or after enrollment variable (ACS NSQIP × year 1 after
enrollment, ACS NSQIP × year 2 after enrollment, or ACS
NSQIP × year 3 after enrollment) were added. The coefficient
from these interaction terms (ie, the difference-in-
differences estimators), can be interpreted as the indepen-
dent relationship of enrollment in ACS NSQIP and outcomes
for Medicare patients at those periods.29,35,36 In all models
evaluating outcomes and Medicare payments, patient char-
acteristics were adjusted for by entering the 29 Elixhauser co-
morbid diseases as individual covariates, a widely used and
previously validated approach for risk-adjustment in admin-
istrative data.37,38 These comorbidities were obtained from the
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ICD-9-CM coding during the same hospital admission. All mod-
els were adjusted for the type of surgery by including a cat-
egorical variable for each procedure. The difference-in-
differences analyses were performed adjusting for all hospital
covariates not included in the propensity score model (for-
profit status, geographic region, bed size, teaching hospital sta-
tus, and urban location). Additionally, all difference-in-
differences analyses were performed adjusting for clustering
at the hospital level with robust standard errors.

In addition to the main analysis, several sensitivity analy-
ses were performed. First, to assess the effect of including the
highest-risk patients, a difference-in-differences analysis in-
cluding the previously excluded high-risk patient subgroups
(eg, emergency surgery and ruptured abdominal aortic aneu-
rysm repair) was performed. Second, to assess the effect of
using hierarchical modeling rather than robust standard errors
to account for clustering of similar patients within hospitals,
a sensitivity analysis was performed using a multilevel model
with hospital-level random effects.

All odds ratios were converted to relative risk because the
former may not be an accurate representation of the risk ratio
when an outcome variable is relatively common,39 and all
95% CIs were calculated using robust variance estimates. A
P value less than .05 was used as the threshold for statistical
significance and all reported P values were 2-sided. Model fit
was assessed using goodness of fit and model discrimination
was assessed using receiver operating characteristic (ROC)
curves. All statistical analyses were conducted using Stata
(StataCorp), version 12.0.

Results
A total of 294 hospitals enrolled in the ACS NSQIP during the
study period. Of these, 20 hospitals were excluded because they
performed only pediatric surgery or had no Medicare identi-
fier. Among the 274 remaining hospitals, 5 hospitals were ex-
cluded due to incomplete participation (ie, hospitals that joined
and dropped ACS NSQIP during the study period) and 6 hos-
pitals were excluded because they only had 1 year of partici-
pation during our study period. In total, 263 ACS NSQIP hos-
pitals were each matched with 2 control hospitals to yield 526
non–ACS NSQIP (control) hospitals. The 263 ACS NSQIP hos-
pitals had a median follow-up after enrollment in the pro-
gram of 3.8 years and a minimum of 2 years. Table 1 shows the
hospital characteristics before and after propensity score
matching for participating and nonparticipating hospitals. The
ACS NSQIP hospitals and control hospitals were well matched
for the variables used in the propensity score matching, in-
cluding surgical volume and baseline outcomes for the 2 years
prior to NSQIP enrollment. The baseline (during the year prior
to enrollment) 30-day mortality was 4.9% for ACS NSQIP hos-
pitals vs 5.0% for control hospitals (P = .55), serious compli-
cations were 11.3% for ACS NSQIP hospitals vs 10.2% for con-
trol hospitals (P <.001), reoperation was 0.5% for ACS NSQIP
hospitals vs 0.5% for control hospitals (P = .66), and readmis-
sion was 13.0% for ACS NSQIP hospitals vs 12.6% for control
hospitals (P = .28) (Table 1). Although many other hospital char-

acteristics were clinically similar (nurse:patient ratio, percent-
age of Medicaid patients, and urban location), even after pro-
pensity matching, the ACS NSQIP hospitals were slightly larger
with more admissions, higher total surgical operations, more
employees, more operating rooms, and were more likely to
have nonprofit status and be teaching hospitals (Table 1).

Patient characteristics were generally clinically similar at
ACS NSQIP and control hospitals despite statistically signifi-
cant differences (Table 2). Patients were clinically similar with
respect to average age (75.7 years for ACS NSQIP hospitals vs
76.1 years for control hospitals, P < .001) and the proportion
that were women (49.0% for ACS NSQIP hospitals vs 50.0% for
control hospitals, P <.001) and nonwhite race (11.5% for ACS
NSQIP hospitals vs 9.2% for control hospitals, P <.001). Ap-
proximately two-thirds of the included surgical cases at both
ACS NSQIP hospitals (65.9%) and control hospitals (64.6%) were
general surgery with the remaining cases representing major
vascular procedures (Table 2). The procedure mix was com-
parable for both general and vascular surgery cases, although
ACS NSQIP hospitals tended to perform more complex gastro-
intestinal cancer resections than control hospitals (esopha-
gectomy, 1.4% for ACS NSQIP hospitals vs 0.6% for control hos-
pitals, P <.001; pancreatectomy, 2.0% for ACS NSQIP hospitals
vs 0.8% for control hospitals, P <.001; gastrectomy, 2.6% for
ACS NSQIP hospitals vs 1.7% for control hospitals, P <.001). Al-
though statistically significant differences were noted, pa-
tients at participating and nonparticipating hospitals were gen-
erally similar in terms of comorbid diseases with no clinically
important differences apparent (Table 2).

Although there were slight trends toward improved out-
comes in ACS NSQIP hospitals before vs after enrollment (year
1, year 2, and year 3), there were similar trends in control hos-
pitals (Table 3). For example, 30-day mortality among ACS
NSQIP hospitals declined from 4.6% (95% CI, 4.6%-4.7%) to
4.2% (95% CI, 4.2%-4.3%) during the study period (P <.001),
compared with 4.9% (95% CI, 4.8%-4.9%) to 4.6% (95% CI,
4.5%-4.6%) among control hospitals (P <.001). In difference-
in-differences analyses, there was no statistically significant
reduction in any measured outcome after enrollment in ACS
NSQIP (Table 4). For example, there was no significant differ-
ence in risk-adjusted 30-day mortality in the 3 years follow-
ing enrollment: year 1 after enrollment (relative risk [RR], 0.96
[95% CI, 0.90-1.02]); year 2 after enrollment (RR, 0.94 [95% CI,
0.88-1.00]); year 3 after enrollment (RR, 0.96 [95% CI, 0.89-
1.03]) (Table 4). Even at 3 years following enrollment, there re-
mained no significant differences in the rates of serious com-
plications (11.1% after enrollment vs 11.0% before enrollment;
RR, 0.96 [95% CI, 0.91-1.00]), reoperations (0.49% after en-
rollment vs 0.45% before enrollment; RR, 0.97 [95% CI, 0.77-
1.16]), and readmissions (13.3% after enrollment vs 12.8% be-
fore enrollment; RR, 0.99 [95% CI, 0.96-1.03]) (Table 4).

There were no statistically significant differences in
30-day Medicare payments in difference-in-differences
analyses, even when facility payments were separated into
payments for the index hospital stay, payments for readmis-
sions, and payments for outliers (Table 5). For example, at 3
years following enrollment, there were no significant differ-
ences in mean total Medicare payments ($40 [95% CI, −$268
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to $348]), payments for index admission (−$11 [95% CI, −$278
to $257]), payments for readmission ($245 [95% CI, −$231 to
$721]), or payments for outliers (−$86 [95% CI, −$1666 to
$1495]).

In a sensitivity analysis including patients that were in pre-
viously excluded high-risk patient subgroups, there were also no
significant differences in the rates of 30-day mortality, serious
complications,reoperations,orreadmissionfollowingenrollment
in the ACS NSQIP. In a second sensitivity analysis using hierar-
chical modeling, there were also no significant differences in the
rates of 30-day mortality, serious complications, reoperations,
or readmissions following enrollment in the ACS NSQIP.

Discussion

In this study, there was a slight time trend toward improved sur-
gical outcomes in both ACS NSQIP and control hospitals. To
evaluate the extent to which these improved outcomes were in-
dependently associated with enrollment in ACS NSQIP, we
matched each ACS NSQIP hospital with 2 control hospitals that
had similar trends in outcomes before enrollment, as well as simi-
lar baseline outcomes and surgical volumes. In a comparison be-
tween ACS NSQIP and matched control hospitals, there was no
independent association of hospital enrollment in this quality

Table 1. Characteristics of Hospitals Participating in ACS NSQIP Compared With Nonparticipating (Control)
Hospitals Before and After Propensity Score Matching

ACS NSQIP
Hospitals

Control Hospitals P Value After
MatchingBefore Matching After Matching

No. of hospitals 263 4789 526

No. of patients 430 179 3 918 956 796 318

Annual surgical volume,
median (IQR)

442 (298-615) 230 (123-381) 411 (280-566) <.001

Risk-adjusted mortality before
enrollment, %

Year 1 5.0 5.3 5.0 .58

Year 2 5.1 5.3 5.1 .63

Baseline risk-adjusted outcomes, %a

Mortality 4.9 5.7 5.0 .55

Serious complications 11.3 9.2 10.2 <.001

Reoperation 0.5 0.4 0.5 .66

Readmissions 13.0 13.4 12.6 .29

Geographic region, No. (%)

Northeast 66 (25.1) 585 (12.2) 83 (15.8) .003

Midwest 81 (30.8) 1382 (28.9) 124 (23.6) .03

South 64 (24.3) 1919 (40.1) 221 (42.0) <.001

West 52 (19.8) 903 (18.9) 98 (18.6) .70

Bed size, No. (%)

<200 34 (12.9) 3858 (80.6) 152 (28.9) <.001

200-349 67 (25.5) 655 (13.7) 161 (30.6) .13

350-499 57 (21.7) 195 (4.1) 115 (21.9) .95

≥500 105 (39.9) 81 (1.7) 98 (18.6) <.001

Profit status, No. (%)

For-profit 15 (5.7) 1235 (25.8) 83 (15.8) <.001

Nonprofit 214 (81.4) 2590 (54.1) 382 (72.6) .005

Other 34 (12.9) 964 (20.1) 61 (11.6) .60

Other characteristics, median (IQR)

Nurse ratio 8.2 (6.8-9.7) 7.4 (4.7-10.6) 7.4 (6.2-8.9) .003

Percentage of Medicaid days 18 (12-26) 15 (8-22) 17 (11-22) .02

Teaching hospital, No. (%) 213 (81.0) 837 (20.5) 276 (52.5) <.001

Urban location, No. (%) 246 (94.3) 3311 (93.8) 473 (91.0) .09

Licensed beds 496 (307-699) 100 (44-204) 365 (210-519) <.001

Total admissions 21 207
(13 689-32 008)

2426
(936-7111)

15 059
(8101-22 620)

<.001

Full-time equivalent employees 2905
(1765-5000)

371
(178-793)

1644
(948-2587)

<.001

Total annual surgical operations 15 181
(9772-24 816)

2634
(931-5537)

10 161
(6052-15 843)

<.001

No. of operating rooms 21 (13-33) 4 (2-8) 15 (9-23) .02

Abbreviations: ACS NSQIP, American
College of Surgeons National Surgical
Quality Improvement Program; IQR,
interquartile range.
a Risk-adjusted rates are adjusted for

patient characteristics,
comorbidities, and procedure type.
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reporting with improved outcomes or decreased Medicare pay-
ments at year 1, year 2, or year 3. Because of this control group
of hospitals, the independent association of enrollment in ACS
NSQIP with adverse outcomes and Medicare payments was iso-
lated, removing any confounding background trends toward im-
proved outcomes. These findings imply that participation in hos-
pital quality reporting programs, such as ACS NSQIP, may not be
sufficient to improve outcomes.

Prior studies reported a salutary effect of participation in
ACS NSQIP. Several single-center studies have reported
improvements in specific complications after a local quality im-
provement intervention.6,40,41 Many of these interventions were
initiated because the hospital was identified as a poorly per-
forming “outlier” on their ACS NSQIP report. After implement-
ing best practices at their institution, most studies report im-
provement in risk-adjusted outcomes.6,40,41 However, because

Table 2. Patient Characteristics at Hospitals Participating in the ACS NSQIP Compared With Nonparticipating
(Control) Hospitals Before and After Propensity Score Matching

ACS NSQIP
Hospitals

Control Hospitals P Value After
MatchingBefore Matching After Matching

No. of hospitals 263 4789 526

No. of patients 430 179 3 918 956 796 318

Patient characteristics

Age, mean (SD), y 75.7 (6.8) 75.9 (7.1) 76.1 (6.9) <.001

Women, % 49.0 51.7 50.0 <.001

Nonwhite race, % 11.5 11.3 9.2 <.001

General surgery cases, % 65.9 72.5 64.6 <.001

Esophagectomy 1.4 0.5 0.6 <.001

Pancreatic resection 2.0 0.5 0.8 <.001

Colon resection 22.8 24.6 22.5 <.001

Gastrectomy 2.6 1.7 1.7 <.001

Liver resection 1.7 0.5 0.7 <.001

Hernia repair 12.0 12.0 11.1 <.001

Cholecystectomy 18.6 26.1 21.9 <.001

Appendectomy 4.9 6.5 5.3 <.001

Vascular surgery cases, % 34.1 27.5 35.4 <.001

Abdominal aortic aneurysm
repair

8.3 5.2 7.0 <.001

Lower extremity bypass 9.2 6.9 8.7 <.001

Carotid endarterectomy 16.5 15.5 19.7 <.001

Comorbid diseases, %

Hypertension 58.1 57.4 58.8 <.001

Diabetes without
complications

18.4 19.0 18.9 <.001

Chronic pulmonary disease 17.8 18.9 19.6 <.001

Electrolyte disorders 16.5 18.1 16.5 .33

Peripheral vascular disease 12.4 10.5 12.6 <.001

Hypothyroidism 8.8 8.8 8.8 .11

Congestive heart failure 8.6 9.4 9.1 <.001

Metastatic cancer 8.0 6.4 6.3 <.001

Deficiency anemias 7.6 9.0 8.4 <.001

Renal failure 6.7 6.5 6.8 .33

Valvular disease 4.9 4.7 5.2 <.001

Weight loss 4.8 5.2 4.9 <.001

Obesity 4.5 4.8 4.6 .04

Depression 3.4 3.4 3.3 <.001

Coagulopathy 3.2 2.8 2.9 <.001

Other neurological disorders 2.7 3.1 2.8 <.001

Solid tumor without
metastasis

2.6 2.3 2.3 <.001

Diabetes with complications 2.4 2.3 2.2 <.001

Rheumatologic disorder 1.8 1.7 1.8 .13

Liver disease 1.8 1.6 1.5 <.001

Chronic blood loss anemia 1.6 2.0 1.8 <.001

Pulmonary hypertension 1.5 1.3 1.3 <.001

Abbreviation: ACS NSQIP, American
College of Surgeons National Surgical
Quality Improvement Program.
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these studies lack a control group, it is difficult to know whether
such changes represent true improvements in outcomes or sim-
ply reflect regression to the mean. Regression to the mean is ob-
served when individuals with an extreme value on a measure
spontaneously move back toward the average. Establishing dif-
ferences between true improvement in outcomes and regres-
sion to the mean in quality improvement research is difficult.
To do this, a control group is necessary. This was achieved by
matching ACS NSQIP hospitals to a larger cohort of nonpartici-
pating hospitals. Using the ACS NSQIP clinical registry, Hall and
colleagues8 found that the majority of hospitals improved their
risk-adjusted outcomes after enrolling in the program during
2005-2007. However, this study lacked a control group and it is
not known if improved outcomes would have occurred in the
absence of ACS NSQIP enrollment. By using a control group, secu-

lar improvements in mortality were found that were indepen-
dent of ACS NSQIP enrollment.

This study has certain limitations. One is the use of admin-
istrative data rather than a clinical registry. Clinical registries may
have more detailed information on patient risk factors and out-
comes. Nonetheless, there is no other source of data that could
be used to address this important question because no registry
exists that collects data from both participating and nonpartici-
pating hospitals. Medicare data provides the most comprehen-
sive data available to capture not only the outcomes and pay-
ments at the participating hospitals, but also the nonparticipating
hospitals. Furthermore, this study was specifically designed to
take advantage of the strengths and to minimize the weak-
nesses of administrative data. The first weakness of administra-
tive data is the assessment of patient comorbidities and sever-

Table 3. Risk-Adjusted Patient Outcomes Before vs After Enrolling in ACS NSQIP Compared With Matched Non–ACS NSQIP (Control) Hospitalsa

Risk-
Adjusted
Outcomes

ACS NSQIP Hospitals Matched Control Hospitals

Before Enrollment After Enrollment Before Enrollment After Enrollment

Year 3 Year 2 Year 1 Year 1 Year 2 Year 3 Year 3 Year 2 Year 1 Year 1 Year 2 Year 3
Hospitals,
No.

204 263 263 263 263 261 413 526 526 525 519 515

Patients,
No.

60 640 79 651 77 033 73 566 70 816 68 473 113 107 148 198 143 358 137 616 130 082 123 957

Mortality

No. 2739 3637 3391 3225 3057 3014 5315 6829 6359 6392 6059 5697

%
(95% CI)b

4.6
(4.6-4.7)

4.6
(4.6-4.7)

4.4
(4.4-4.5)

4.3
(4.2-4.3)

4.1
(4.0-4.1)

4.2
(4.2-4.3)

4.9
(4.8-4.9)

4.8
(4.8-4.8)

4.6
(4.5-4.6)

4.6
(4.6-4.7)

4.5
(4.4-4.5)

4.6
(4.5-4.6)

Serious Complications

No. 6555 79 651 77 033 73 566 70 816 68 473 11 321 14 880 14 859 14 460 14 311 13 735

%
(95% CI)b

11.0
(11.0-
11.1)

11.3
(11.2-
11.4)

11.5
(11.4-
11.6)

11.3
(11.2-
11.4)

11.0
(10.9-
11.1)

11.2
(11.1-
11.3)

10.4
(10.4-
10.5)

10.4
(10.4-
10.5)

10.6
(10.6-
10.7)

10.4
(10.4-
10.5)

10.6
(10.5-
10.7)

10.9
(10.8-
11.0)

Reoperations

No. 252 352 366 411 399 382 432 595 610 588 622 648

%
(95% CI)b

0.4
(0.4-0.4)

0.4
(0.4-0.4)

0.5
(0.5-0.5)

0.5
(0.5-0.5)

0.5
(0.5-0.5)

0.5
(0.5-0.5)

0.4
(0.4-0.4)

0.4
(0.4-0.4)

0.5
(0.4-0.5)

0.4
(0.4-0.4)

0.5
(0.5-0.5)

0.5
(0.5-0.5)

Readmissions

No. 7617 10 250 10 228 10 188 9879 9720 13 025 17 374 17 202 16 770 16 478 15 903

%
(95% CI)b

12.5
(12.5-
12.6)

12.7
(12.7-
12.8)

13.1
(13.1-
13.2)

13.6
(13.6-
13.6)

13.6
(13.6-
13.7)

13.9
(13.9-
14.0)

11.7
(11.6-
11.7)

11.9
(11.9-
11.9)

12.1
(12.1-
12.2)

12.2
(12.2-
12.2)

12.7
(12.6-
12.7)

12.9
(12.9-
13.0)

Abbreviation: ACS NSQIP, American College of Surgeons National Surgical
Quality Improvement Program.
a P values for trends over time for ACS NSQIP and for matched control hospitals

were all significant.

b All models are adjusted for patient characteristics, comorbidities and
procedure type.

Table 4. Relative Risk of Risk-Adjusted Adverse Outcomes Among ACS NSQIP Hospitals and Matched Non–ACS NSQIP (Control) Hospitals in Pre-Post
Analysis and Difference-in-Differences Analysis

Pre-Post Analysis, RR (95% CI) Difference-in-Differences Analysis, RR (95% CI)
ACS NSQIP Hospitals After vs Before Enrollment

(n = 430 179)
Pre-Post Analysis Compared With Control Hospitalsa

(n = 1 226 497)

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3
Mortality 0.92 (0.85-0.98) 0.76 (0.62-0.9) 0.79 (0.59-0.99) 0.96 (0.90-1.02) 0.94 (0.88-1.00) 0.96 (0.89-1.03)

Serious complications 1.01 (0.97-1.05) 0.99 (0.88-1.09) 1.00 (0.86-1.14) 1.00 (0.96-1.03) 0.96 (0.93-1.00) 0.96 (0.91-1.00)

Reoperations 1.07 (0.91-1.22) 1.15 (0.77-1.53) 1.29 (0.86-1.73) 1.14 (0.98-1.31) 1.06 (0.90-1.22) 0.97 (0.77-1.16)

Readmissions 1.06 (1.02-1.09) 1.12 (1.03-1.20) 1.16 (1.05-1.27) 1.04 (1.01-1.07) 1.00 (0.97-1.03) 0.99 (0.96-1.03)

Abbreviations: ACS NSQIP, American College of Surgeons National Surgical
Quality Improvement Program; RR, relative risk.

a All models are adjusted for patient characteristics, comorbidities, year of
surgery, procedure type, and hospital characteristics.
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ity of illness, which are needed for risk-adjustment. In our
analysis, the best available comorbid disease index for risk-
adjustment was used. Moreover, the study design, difference-
in-differences, also mitigates this limitation by adjusting for any
unobserved differences in patient case–mix that do not change
over time.19,30,35 There is no reason to believe that changes in pa-
tient case–mix differed between participating and nonpartici-
pating hospitals during the study period. Another limitation of
administrative data is the identification of patient outcomes. This
was addressed by assessing outcomes reliably coded in billing
records, including mortality, reoperations, and readmissions.
Identification of complications that rely on ICD-coding was op-
timized by only using complication codes known to have a high
sensitivity and specificity in surgical patients.15,16 An extended
length of stay criterion was added to our assessment of compli-
cations (ie, patients had to have both an ICD-9-CM code and a
prolonged length of stay) to improve the specificity for identi-
fication of complication outcomes because patients with a pro-
longed length of stay likely have had complications.20

Another potential limitation relates to our ability to only
evaluate the association of outcomes and participation in the
ACS NSQIP through 2012. Because there may be a lag between
ACS NSQIP enrollment and improved outcomes, we thought
it was important to have at least 2 years of data to evaluate out-
comes of participating hospitals. Consequently, all hospitals
that enrolled in ACS NSQIP through 2010 were included and
outcomes for at least the following 2 years were assessed. Dur-
ing the study period, outcomes feedback was the primary

means by which ACS NSQIP affected surgical outcomes. Our
findings suggest that this was not effective.

There are several potential reasons why improved outcomes
among participating hospitals were not found. Conceivably, par-
ticipating hospitals may not have initiated quality improve-
ment efforts after receiving ACS NSQIP reports. The ACS NSQIP
provides nonpublicly reported performance feedback, which
may not adequately motivate participating hospitals to make
changes. Other strategies have much stronger incentives. For ex-
ample, the accountability of public reporting of hospital perfor-
mance can motivate improvement.42,43 Other strategies, such as
value-based purchasing, including pay-for-performance and
nonpayment for adverse events, directly incentivize hospitals
financially.44,45 It is also possible that hospitals participating in
ACS NSQIP implemented quality improvement efforts but they
did not improve outcomes.46 Clinical quality improvement is
challenging for hospitals. Changing physician practice requires
complex, sustained, multifaceted interventions, and most hos-
pitals may not have the expertise or resources to launch effec-
tive quality improvement interventions.

Conclusions
Enrollment in a national surgical quality reporting program was
not associated with improved outcomes or lower payments
among Medicare patients. Feedback of outcomes alone may
not be sufficient to improve surgical outcomes.
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Table 5. Medicare Payments Before vs After Enrolling in ACS NSQIP Compared With Matched Non–ACS NSQIP (Control) Hospitals

Before Enrollmenta Difference in Average Medicare Payments (95% CI)

ACS NSQIP
Hospitals

(n = 217 324)

Matched
Control

Hospitals
(n = 404 663)

After Enrollment vs Before Enrollment Among
ACS NSQIP Hospitals

(n = 430 179)

ACS NSQIP Hospitals vs Matched Control Hospitals
After Enrollmentb

(n = 1 226 497)

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3
Total payments,
mean, $

20 529 18 740 642
(280 to 1003)

879
(377 to 1382)

1058
(414 to 1703)

166
(−78 to 410)

180
(−88 to 449)

40
(−268 to 348)

Payments for index
admission, mean, $

18 746 17 168 534
(219 to 848)

815
(378 to 253)

957
(396 to 518)

54
(−163 to 272)

123
(−103 to 349)

−11
(−278 to 257)

Payments for
readmissions

With
readmission, %

14.7 13.2 15.2 15.0 15.0

Payment,
mean, $

12 124 11 889 −12
(−497 to 473)

−154
(−738 to 431)

−268
(−897 to 360)

95
(−405 to 596)

201
(−339 to 740)

245
(−231 to 721)

Payments for
outliers

With outlier
payment, %

6.0 5.1 7.0 7.2 7.4

Payment,
mean, $

23 507 20 153 1625
(215 to 3035)

3391
(1662 to 5120)

2872
(740 to 5004)

454
(−961 to 1868)

1459
(−48 to 2965)

−86
(−1666 to 1495)

Abbreviation: ACS NSQIP, American College of Surgeons National Surgical Quality Improvement Program.
a Payments before enrollment represent mean payments over the 3 years prior to enrollment.
b All models are adjusted for patient characteristics, comorbidities, year of surgery, procedure type, and hospital characteristics.
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