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Abstract
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 NSQIP participation improves outcomes and reduces costs relative to non-participating
hospitals.
Objective—To evaluate the association of enrollment and participation in the ACS-NSQIP with
outcomes and Medicare payments compared to control hospitals that did not participate in this
program.
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Design—Quasi-experimental study using national Medicare data (2003 to 2012) for patients
undergoing general and vascular surgery. A difference-in-difference analytic approach was used to
evaluate whether participation in ACS-NSQIP was associated with improved outcomes and
reduced Medicare payments compared to non-participating hospitals that were otherwise similar.
Control hospitals were selected using propensity score matching (2 control hospitals for each
ACS-NSQIP hospital).
Setting and Participants—263 hospitals participating in ACS NSQIP and 526 nonparticipating hospitals and a total of 1,226,479 patients undergoing general and vascular surgical
procedures
Main Outcome Measures—30-day mortality, serious complications (e.g. 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 post-discharge.
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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 3years after (vs. before) enrollment, there were no statistically significant differences in riskadjusted 30-day mortality (4.3% vs. 4.5%, Relative risk [RR] 0.96, 95% CI, 0.89–1.03), serious
complications (11.1% vs. 11.0%, RR 0.96, 95% CI, 0.91–1.00), re-operations (0.49% vs. 0.45%,
RR 0.97, 95%CI, 0.77–1.16), or readmissions (13.3% vs. 12.8%, RR 0.99, 95% CI, 0.96–1.03).
There were also no differences at 3-years after (vs. before) enrollment in mean total Medicare
payments ($40, 95% CI −$268–348), or payments for the index admission (−$11, 95% CI, −$278,
$257), hospital readmission ($245, 95% CI, −$231, $721), or outliers (−$86, 95% CI, −$1666,
$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.

INTRODUCTION
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Increased scrutiny of hospital performance has lead to a proliferation of clinical registries
used to benchmark outcomes. One of the most visible national quality reporting programs is
the American College of Surgeons National Surgical Quality Improvement Program (ACSNSQIP)1–3. The cornerstone of this program is an extensive clinical registry, with data
abstracted directly from the medical record by trained personnel 1,4,5. ACS-NSQIP provides
hospitals with reports that include a detailed description of their risk-adjusted outcomes
(e.g., mortality, specific complications, and length of stay). These reports allow hospitals to
benchmark their performance relative to all other ACS-NSQIP hospitals. Participating
hospitals are encouraged to focus improvement efforts on areas where they perform poorly.
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The extent to which participation in ACS-NSQIP improves outcomes is unclear. Several
single-center studies from participating hospitals report improvement in outcomes after
targeting 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, improvement that would have occurred without enrollment in the program, or
simply regression to the mean. The only study evaluating 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 to a control group, making it
difficult to conclude whether improvements in outcomes were truly associated with
participation in this program, or simply represent background trends towards improved
outcomes at all hospitals.
The objective of this study was to evaluate the association of participation in the ACSNSQIP with outcomes and payments among Medicare patients compared to control
hospitals that did not participate in the program over the same time period.
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Data Source and Study Population
Data from the Medicare Analysis Provider and Review (MEDPAR) files for 2003–12 was
used to create the main analysis datasets. This dataset contains hospital discharge abstracts
for all fee-for-service acute care hospitalizations of US Medicare recipients, which accounts
for approximately 70 percent of such admissions in the Medicare population. The Medicare
denominator file was used to assess patient vital status at thirty days. The study was
reviewed and approved by the University of Michigan Institutional Review Board and was
deemed exempt due to the use of secondary data.
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Using procedure codes from the International Classification of Diseases, version 9 (ICD-9CM), all patients aged 65–99 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 (see
Appendix 1 for 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
American College of Surgeons National Surgical Quality Improvement Program (ACSNSQIP) registry. 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 homogeneity 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 (e.g., coronary artery bypass and
carotid endarterectomy) or were performed under extremely high-risk conditions (e.g.,
ruptured abdominal aortic aneurysm) 11–13. Missing data were found in only 0.3% of race
variable and 0.3% of hospital characteristics. Since these represented less than 1%, those
patients were excluded from the analyses14.
Outcome Variables
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Mortality, serious complications, reoperation, and readmission 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 procedure, which was ascertained
from the Medicare beneficiary denominator 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 (See Appendix 2 for full list) was chosen, and these codes have been demonstrated
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 extended
length of stay (greater than or equal to the 75th percentile for each procedure). Since most
patients without complications are discharged earlier, 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 hospitalization (see Appendix 3 for full list of codes).
Reoperations are relative common in many of these high risk procedures and are accurately
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captured using ICD-9-CM procedure billing codes in administrative datasets 21.
Readmissions were defined as an admission to any hospital within 30-days after discharge
from the index procedure using standard methods 22.
Medicare Payments
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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 beneficiaries23–25. For this study, Medicare facility payments from MedPAR were
used, which include all payments related to the index hospitalization, readmissions, and
high-cost outliers. Because Medicare payments vary across hospitals (e.g., payments for
disproportionate share of low income patients and graduate medical education) and
geographic regions (e.g., payments are indexed to reflect differences 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 standardizing prices to the most recent
year of data available.
Statistical Analysis
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The goal of this analysis was to examine whether enrollment in the ACS-NSQIP program
was associated with improved outcomes for Medicare patients, compared to similar
hospitals that did not participate during the same time period. A difference-in-difference
approach was used, which is an econometric method for evaluating changes in outcomes
occurring after implementation of a policy. 27–30 This approach isolates the improvement in
outcomes related to an intervention (i.e., enrollment in ACS-NSQIP) that exceeds changes
over the same time period in a control group that was not exposed to the intervention.
Enrollment in the ACS-NSQIP was ascertained from the program’s semi-annual reports.
Since the University of Michigan was a participating site throughout the study period,
regular semi-annual reports 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 semi-annual report. Moreover, these enrollment dates were verified using
archival data of the ACS-NSQIP website available to the general public from the Internet
Archive (http://archive.org/web/). However, since the hospital 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 representative of all hospitals, two separate
strategies to adjust for the potential differences between ACS-NSQIP and control hospitals
were employed. First, propensity scores were used to match ACS-NSQIP hospitals and
control hospitals on baseline outcomes, surgical volume, and pre-enrollment trends in
outcomes. To ensure that hospitals in the study and control groups were on the same
trajectory for postoperative outcomes before NSQIP enrollment of the study hospitals, they
were matched for risk-adjusted mortality for years 1 and 2 prior to NSQIP enrollment. This
matching ensured that our control hospitals and ACS-NSQIP hospitals had “parallel trends”
in the pre-enrollment period, which is one of the key assumptions of a difference-in-
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difference methodology. 31,32 Second, multivariate adjustment was used to account for all
observable hospital and patient characteristics that were not included in the propensity score
model.
To create propensity scores for hospital matching, a logistic regression model was created
with ACS-NSQIP participation (vs. not participating) as the dependent variable. Annual
surgical volume, baseline risk-adjusted outcomes, and pre-enrollment trends in risk-adjusted
outcomes were included as independent variables. This matching creates a matched cohort
of ACS-NSQIP and control hospitals with parallel trends in the three years prior to
enrollment. Pre-enrollment trends in outcomes, within and between ACS-NSQIP hospitals
and control hospitals, were compared using univariate statistics and no significant difference
in pre-enrollment mortality was noted over the pre-enrollment period. The c-statistic for the
propensity score model was 0.85, indicating excellent discrimination.
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For matching, a caliper width of 0.2 times the standard deviation of the propensity score
without replacement was used33. Using a caliper width of 0.2 times the standard deviation of
the propensity score yielded 100% match of all ACS-NSQIP hospitals with excellent
reduction in bias (see Appendix 4). A sensitivity analysis was performed narrowing the
caliper width to 0.1, which demonstrated similar findings but excluded 60 ACS-NSQIP
hospitals so a 0.2 caliper width was chosen. Although there was a very large pool of
potential hospitals (i.e. 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 degree of
bias reduction and percent of ACS-NSQIP hospitals matched 33. Further attempts to
improve the bias reduction yielded fewer matched hospitals (less than all 263 participating
ACS-NSQIP hospitals could be matched to control hospitals). 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 overall
98.4% reduction in bias and excellent overlap in propensity scores for the included variables
(Appendix 4 and Figure 1 of Appendix). 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 0.01 following matching. There were no significant
differences between pre-enrollment trends in outcomes between matched ACS-NSQIP and
control hospitals, thereby satisfying the “parallel trends” assumption28,32.
To perform the difference-in-difference analysis, regression models were used to evaluate
the relationship between each dependent variable (mortality, serious complications,
reoperations, readmissions, and Medicare payments) and enrollment 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 continuous Medicare payment variables, generalized
linear models with a log link were used. A dummy variable was included, indicating
whether the patient had surgery before enrollment or after enrollment in ACS-NSQIP,
defined at post-enrollment year 1, post-enrollment year 2 and post-enrollment year 3. To
adjust for linear time trends, a yearly time variable was included. Finally, 3 interaction terms
of the ACS-NSQIP (vs. non-ACS-NSQIP control hospital) variable and the pre-post policy
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implementation variable (ACS-NSQIP*post-year1, ACS-NSQIP*post-year2, ACSNSQIP*post-year3) were added. The coefficient from these interaction terms, i.e., the
difference-in-difference estimators, can be interpreted as the independent relationship of
enrollment in ACS-NSQIP and outcomes for Medicare patients at those time
periods 29,34,35. In all models evaluating outcomes and Medicare payments, patient
characteristics were adjusted for by entering the 29 Elixhauser comorbid diseases as
individual covariates, a widely used and previously validated approach for risk-adjustment
in administrative data.36,37 These comorbidities were obtained from the ICD-9-CM coding
during the same hospital admission. All models were adjusted for the type of surgery by
including a categorical variable for each procedure. The difference-in-difference analyses
were performed adjusting for all hospital covariates not included in the propensity score
model (for-profit status, geographic region, bed size, teaching hospital status and urban
location). Additionally all difference-indifference analyses were performed adjusting for
clustering at the hospital level with robust standard errors.
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In addition to the main analysis, several sensitivity analyses were performed. First, to assess
the effect of including the highest risk patients, a difference-in-difference analysis including
the previously excluded high-risk patient subgroups (e.g., emergency surgery and ruptured
abdominal aortic aneurysm 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 multi-level 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 38 and all
95% confidence intervals were calculated using robust variance estimates. A p<.05 was used
as the threshold for statistical significance and all reported P-values are two-sided. Model fit
was assessed using goodness of fit and model discrimination was assessed using ROC
curves. All statistical analyses were conducted using STATA 12.0 (College Station, Texas).

RESULTS
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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
identifier. Among the 274 remaining hospitals, 5 hospitals were excluded due to incomplete
participation (i.e. hospitals that joined and dropped ACS-NSQIP during the study period)
and 6 hospitals were excluded because they only had 1 year of participation during our study
period. In total, 263 ACS-NSQIP hospitals were each matched with 2 control hospitals to
yield 526 non-ACS-NSQIP control hospitals. The 263 ACS-NSQIP hospitals had a median
follow-up after enrollment in the program 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 non-participating hospitals. ACS-NSQIP and control hospitals were well
matched for the variables used in the propensity score matching, including surgical volume
and baseline outcomes for the 2 years prior to NSQIP enrollment. ACS-NSQIP and control
hospitals’ baseline (during the year prior to enrollment) 30-day mortality was 4.9% vs.
5.0%, p=0.55, serious complications were 11.3% vs. 10.2%, p=0.005, reoperation was 0.5%
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vs. 0.5%, p=0.66, and readmission was 13.0% vs. 12.6%, p=0.28 (Table 1). While many
other hospital characteristics were clinically similar (nurse to patient ratio, % Medicaid, and
urban location,), even after propensity 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 not-for-profit status and be teaching hospitals
(Table 1).
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Patient characteristics were generally clinically similar at ACS-NSQIP and control hospitals
despite statistically significant differences (Table 2). Patients were clinically similar with
respect to average age (75.71 vs. 76.10 years old, p <0.0001) and the proportion that were
female (49.02% vs. 49.96%, p <0.0001) and non-white race (11.51% vs. 9.22%, p <0.0001).
Approximately two-thirds of the included surgical cases at both ACS-NSQIP hospitals
(65.90%) and control hospitals (64.60%) were general surgery with the remaining cases
representing major vascular procedures (Table 2). The procedure mix was comparable for
both general and vascular surgery cases, although ACS-NSQIP hospitals tended to perform
more complex gastrointestinal cancer resections than control hospitals (esophagectomy
1.44% vs. 0.64%, p <0.0001; pancreatectomy 2.00% vs. 0.78%, p <0.0001; gastrectomy
2.57% vs. 1.74%, p <0.0001). Although statistically significant differences were noted,
patients at participating and non-participating hospitals were generally similar in terms of
comorbid diseases with no clinically important differences apparent (Table 2).
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Although there were slight trends towards improved outcomes in ACS-NSQIP hospitals
before vs. after enrollment (1-, 2-, and 3- years), there were similar trends in control
hospitals (Table 3). For example, 30-day mortality in 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-value
<0.001), as compared to 4.9% (95% CI 4.8%–4.9%) to 4.6% (95% CI 4.5%–4.6%) among
control hospitals (p-value <0.001). In difference-in-difference analyses, there was no
statistically significant reduction in any measured outcome after enrollment in ACS-NSQIP
(Table 4). For example, there was no significant difference in risk-adjusted 30-day mortality
in the three years following enrollment: post-enrollment year 1 (Relative Risk [RR], 0.96,
95% CI, 0.90–1.02); post-enrollment year 2 (RR 0.94, 95% CI, 0.88–1.00); post-enrollment
year 3 (RR 0.96, 95% CI, 0.89–1.03) (Table 4). Even at 3-years following enrollment, there
remained no significant differences in the rates of serious complications (RR 0.96, 95% CI,
0.91–1.00), reoperations (RR 0.97, 95% CI, 0.77–1.16), and readmissions (RR 1.01, 95%
CI, 0.98–1.03) (Table 4).
There were no statistically significant differences in 30-day Medicare payments in
difference-indifference analyses, even when facility payments were separated into payments
for the index hospital stay, payments for readmissions, and payments for outliers (Table 5).
For example, at 3-years following enrollment, there were no significant differences in mean
total Medicare payments ($40, 95% CI −$268–348), payments for index admission (−$11,
95% CI, −$278–$257), payment for readmission ($245, 95% CI, −$231–$721), payment for
outliers (−$86, 95% CI, −$1666, 1495).
In a sensitivity analysis including patients that were previously excluded high-risk patient
subgroups, there were also no significant difference in the rates of 30-day mortality, serious
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complications, reoperations, or readmission following enrollment in the ACS-NSQIP. In a
second sensitivity analysis using hierarchical 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
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In this study, there was a slight time trend toward improved surgical outcomes in both ACSNSQIP and control hospitals. To evaluate the extent to which these improved outcomes
were independently associated with enrollment in ACS-NSQIP, we matched each ACSNSQIP hospital with 2 control hospitals that had similar trends in outcomes before
enrollment, as well as similar baseline outcomes and surgical volumes. In a comparison
between ACS-NSQIP and matched control hospitals, there was no independent association
of hospital enrollment in this quality reporting with improved outcomes or decreased
Medicare payments at 1-, 2-, or 3-years. Because of this control group of hospitals, the
independent association of enrollment in ACS-NSQIP with adverse outcomes and Medicare
payments was isolated, removing any confounding background trends towards improved
outcomes. These findings imply that participation in hospital quality reporting programs,
such as ACS-NSQIP, may not be sufficient to improve outcomes.
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Prior studies reported a salutary effect of participation in the ACS-NSQIP program. Several
single-center studies have reported improvements in specific complications after a local
quality improvement intervention 6,39,40. Many of these interventions were initiated because
the hospital was identified as a poorly performing “outlier” on their ACS-NSQIP report.
After implementing best practices at their institution, most studies report improvement in
risk-adjusted outcomes 6,39,40. However, because these studies lack a control group, it is
difficult to know whether such changes represent true improvements in outcomes or simply
reflect regression to the mean. Regression to the mean is observed when individuals with an
extreme value on a measure spontaneously move back toward the average. Establishing
differences between true improvement in outcomes and regression 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 non-participating
hospitals. Using the ACS-NSQIP clinical registry, Hall and colleagues found that the
majority of hospitals improved their risk-adjusted outcomes after enrolling in the program
during 2005–2007 8. However, this study lacked a control group and it is not known if
improved outcomes would have occurred in the absence of ACS-NSIP enrollment. By using
a control group, secular improvements in mortality were found that were independent of
ACS-NSQIP enrollment.
This study has certain limitations. One is the use of administrative data rather than a clinical
registry. Clinical registries may have more detailed information on patient risk factors and
outcomes. Nonetheless, there is no other source of data that could be used to address this
important question since no registry exists that collects data from both participating and nonparticipating hospitals. Medicare data provides the most comprehensive data available to
capture not only the outcomes and payments at the participating hospitals, but also the nonparticipating hospitals. Further, this study was specifically designed to take advantage of the
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strengths and to minimize the weaknesses of administrative data. The first weakness of
administrative data is the assessment of patient comorbidities and severity of illness, which
are needed for risk-adjustment. In our analysis, the best available comorbid disease index for
risk-adjustment was used. Moreover, our study design, difference-in-difference, also
mitigates this limitation by adjusting for any unobserved differences in patient case-mix that
do not change over time 19,30,34. There is no reason to believe that changes in patient casemix differed between participating and non-participating hospitals during the time period of
our study. 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 ICDcoding was optimized 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 complications (i.e., patients had to have both an ICD-9 code and a
prolonged length of stay) to improve the specificity for identification of complication
outcomes since patients with a prolonged length of stay likely have had complications 20.
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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 outcomes 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. During the time period of our study, outcomes
feedback was the primary means by which ACS-NSQIP affected surgical outcomes. Out
findings suggest that this was not effective.
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There are several potential reasons why improved outcomes among participating hospitals
were not found. Conceivably, participating hospitals may not have initiated quality
improvement 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 example, the
accountability of publicly reporting of hospital performance can motivate
improvement 41,42. Other strategies, such as value-based purchasing, including pay-forperformance and non-payment for adverse events, directly incentivize hospitals
financially 43,44. It is also possible that hospitals participating in ACS-NSQIP implemented
quality improvement efforts but they did not improve outcomes 45. Clinical quality
improvement is challenging for hospitals. Changing physician practice requires complex,
sustained, multifaceted interventions, and most hospitals may not have the expertise or
resources to launch effective 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 1

NIH-PA Author Manuscript

Characteristics of hospitals participating in the American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) compared to non-participating hospitals before and after propensity
score matching.

ACS-NSQIP Hospitals

Hospital Characteristics

Non-ACS-NSQIP Hospitals

Before matching

After matching

P-value ACSNSQIP vs nonACS-NSQIP
Hospitals after
matching

NIH-PA Author Manuscript

# of hospitals

263

4,789

526

# of patients

430,179

3,918,956

796,318

Annual Surgical volume, median (25th –
75th %)

442 (298–615)

230 (123–381)

411 (280–566)

<.0001

Risk-adjusted mortality pre-enrollment
year1 (%)

5.0

5.3

5.0

0.5762

Risk-adjusted mortality pre-enrollment
year2 (%)

5.1

5.3

5.1

0.6310

Mortality N (%)

4.9

5.7

5.0

0.5527

Serious complications N (%)

11.3

9.2

10.2

0.0005

Baseline risk-adjusted outcomes*

Reoperation N (%)

0.5

0.4

0.5

0.6592

Readmissions N (%)

13.0

13.4

12.6

0.2845

Northeast

66 (25.1)

498 (12.2)

83 (15.8)

0.0029

Midwest

81 (30.8)

1,177 (28.9)

124 (23.6)

0.0342

South

64 (24.3)

1,635 (40.1)

221 (42.0)

<.0001

West

52 (19.8)

769 (18.9)

98 (18.6)

0.703

<200

34 (12.9)

3,286 (80.6)

152 (28.9)

<.0001

200–349

67 (25.5)

558 (13.7)

161 (30.6)

0.1272

350–499

57 (21.7)

166 (4.1)

115 (21.9)

0.9514

≥ 500

105 (39.9)

69 (1.7)

98 (18.6)

<.0001

For-profit

15 (5.7)

1,052 (25.8)

83 (15.8)

<.0001

Non-profit

214 (81.4)

2,206 (54.1)

382 (72.6)

0.0049

Other

34 (12.9)

821 (20.1)

61 (11.6)

0.5947

8.2 (6.8–9.7)

7.4 (4.7–10.6)

7.4 (6.2–8.9)

0.0034

18 (12–26)

15 (8–22)

17 (11–22)

0.015

213 (81.0)

837 (20.5)

276 (52.5)

<.0001

Geographic region N (%)

Bed size N (%)

NIH-PA Author Manuscript

Profit status N (%)

Other characteristics
Nurse ratio, median (25th –75th %)
% Medicaid days, median
Teaching hospital (%)

(25th

–75th %)
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ACS-NSQIP Hospitals

NIH-PA Author Manuscript

Hospital Characteristics
Urban location (%)

246 (94.3)
(25th

Non-ACS-NSQIP Hospitals

P-value ACSNSQIP vs nonACS-NSQIP
Hospitals after
matching

Before matching

After matching

3,311 (93.8)

473 (91.0)

0.0862

496 (307–699)

100 (44–204)

365 (210–519)

<.0001

Total Admissions, median (25th –75th %)

21,207 (13,689–32,008)

2,426 (936–7,111)

15,059 (8,101–22,620)

<.0001

Full-Time Equivalent Employees, median
(25th –75th %)

2,905 (1,765–5,000

371 (178–793)

1,644 (948–2,587)

<.0001

Total Annual Surgical Operations, median
(25th –75th %)

15,181 (9,772–24,816)

2,634 (931–5,537)

1,0161 (6,052–15,843)

<.0001

21 (13–33)

4 (2–8)

15 (9–23)

0.0154

Licensed Beds, median

–75th %)

Number of Operating Rooms, median (25th –
75th %)
*

Risk-adjusted rates are adjusted for patient characteristics, comorbidities and procedure type.
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Table 2

NIH-PA Author Manuscript

Patient characteristics at hospitals participating in the American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) compared to non-participating hospitals before and after
propensity score matching.

ACS-NSQIP Hospitals

Non-ACS-NSQIP
Hospitals Before
Propensity Score
Matching

Non-ACS-NSQIP
Control Hospitals
After Propensity
Score Matching

No. of hospitals

263

4,789

526

No. of patients

430,179

3,918,956

796,318

P-value (ACSNSQIP vs. NonACS-NSQIP Control
hospitals)

Patient characteristics
Mean (SD) age (yrs)

75.7 (6.8)

75.9 (7.1)

76.1 (6.9)

<0.0001

Female (%)

49.02

51.71

49.96

<0.0001

Non-white race (%)

11.51

11.27

9.22

<0.0001

65.9

72.46

64.6

<0.0001

1.44

0.49

0.64

<0.0001

General surgery cases (%)

NIH-PA Author Manuscript

Esophagectomy
Pancreatic resection

2

0.53

0.78

<0.0001

Colon resection

22.82

24.6

22.46

<0.0001

Gastrectomy

2.57

1.69

1.74

<0.0001

Liver resection

1.67

0.51

0.71

<0.0001

Hernia repair

11.98

12.02

11.12

<0.0001

Cholecystectomy

18.57

26.09

21.88

<0.0001

Appendectomy

4.85

6.51

5.28

<0.0001

34.1

27.54

35.4

<0.0001

8.33

5.23

6.99

<0.0001

Vascular surgery cases (%)
Abdominal aortic aneurysm repair
Lower extremity bypass

9.23

6.86

8.67

<0.0001

Carotid endarterectomy

16.54

15.46

19.74

<0.0001

Hypertension (%)

58.07

57.37

58.78

<.0001

Diabetes w/o complications (%)

18.35

18.95

18.92

<.0001

Chronic pulmonary disease (%)

17.83

18.92

19.59

<.0001

Electrolyte disorders (%)

16.46

18.1

16.51

0.3267

Peripheral vascular disease (%)

12.41

10.54

12.6

<.0001

Hypothyroidism (%)

8.77

8.79

8.84

0.1057

Congestive heart failure (%)

8.57

9.44

9.14

<.0001

Metastatic cancer (%)

7.96

6.38

6.3

<.0001

Deficiency Anemias (%)

7.58

9.04

8.37

<.0001

Renal failure (%)

6.73

6.46

6.76

0.332

Valvular disease (%)

4.88

4.65

5.18

<.0001

Comorbid diseases

NIH-PA Author Manuscript
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ACS-NSQIP Hospitals

Non-ACS-NSQIP
Hospitals Before
Propensity Score
Matching

Non-ACS-NSQIP
Control Hospitals
After Propensity
Score Matching

P-value (ACSNSQIP vs. NonACS-NSQIP Control
hospitals)

4.8

5.23

4.91

0.0002

Obesity (%)

4.5

4.76

4.56

0.0437

Depression (%)

3.37

3.35

3.28

0.0005

Coagulopthy (%)

3.24

2.76

2.9

<.0001

Other neurological disorders (%)

2.71

3.1

2.81

<.0001

Solid tumor w/o metastasis (%)

2.56

2.31

2.29

<.0001

Diabetes w/complications (%)

2.38

2.26

2.19

<.0001

Rheumatologic disorder (%)

1.82

1.73

1.79

0.1326

Liver disease (%)

1.8

1.61

1.51

<.0001

Weight loss (%)

Chronic blood loss anemia (%)

1.6

2

1.83

<.0001

Pulmonary hypertension (%)

1.46

1.28

1.26

<.0001
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352

0.4 (0.44–0.44)

10250

12.7 (12.7–12.8)

252

0.4 (0.4–0.4)

7617

12.5 (12.5–12.6)

Reoperations, N

% (95% CI)*

Readmissions, N

% (95% CI)*

13.1 (13.1–13.2)

10228

0.5 (0.46–0.47)

366

11.5 (11.4–11.6)

77033

4.4 (4.4–4.5)

3391

77,033

263

Year 1

73566

4.3 (4.2–4.3)

3225

73,566

263

Year 1

13.6 (13.6–13.6)

10188

0.5 (0.52–0.53)

411

11.3 (11.2–11.4)

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

*

79651

11.3 (11.2–11.4)

6555

11.0 (11.0–11.1)

Serious complications, N

% (95% CI)*

3637

4.6 (4.6–4.7)

2739

4.6 (4.6–4.7)

Mortality, N

% (95% CI)*

79,651

60,640

263

204

Hospitals, N

Patients, N

Year 2

Year 3

Risk-adjusted
outcomes

Pre-enrollment

ACS-NSQIP Hospitals

13.6 (13.6–13.7)

9879

0.5 (0.5–0.5)

399

11.0 (10.9–11.1)

70816

4.1 (4.0–4.1)

3057

70,816

263

Year 2

3014

68,473

261

Year 3

13.9 (13.9–14.0)

9720

0.5 (0.5–0.5)

382

11.2 (11.1–11.3)

68473

4.2 (4.2–4.3)

Post-enrollment

<.0001

0.0156

0.0102

<.0001

p-value

11.7 (11.6–11.7)

13025

0.4 (0.4–0.4)

432

10.4 (10.4–10.5)

11321

4.9 (4.8–4.9)

5315

113,107

413

Year 3

11.9 (11.9–11.9)

17374

0.4 (0.4–0.4)

595

10.4 (10.4–10.5)

14880

4.8 (4.8–4.8)

6829

148,198

526

Year 2

Pre-enrollment

12.1 (12.1–12.2)

17202

0.5 (0.4–0.5)

610

10.6 (10.6–10.7)

14859

4.6 (4.5–4.6)

6359

143,358

526

Year 1

12.2 (12.2–12.2)

16770

0.4 (0.4–0.4)

588

10.4 (10.4–10.5)

14460

4.6 (4.6–4.7)

6392

137,616

525

Year 1

6059

130,082

519

Year 2

14311

12.7 (12.6–12.7)

16478

0.5 (0.5–0.5)

622

10.6 (10.5–10.7)

5697

123,957

515

Year 3

12.9 (12.9–13.0)

15903

0.5 (0.5–0.5)

648

10.9 (10.8–11.0)

13735

4.6 (4.5–4.6)

Post-enrollment

4.5 (4.4–4.5)

Non-ACS-NSQIP Control Hospitals

<.0001

0.0176

<.0001

<.0001

p-value

Risk-adjusted patient outcomes before vs. after enrolling in the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) as compared to Non-ACS-NSQIP matched
control hospitals. P-value for trends over time are displayed for ACS-NSQIP and control hospitals.
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0.99 (0.88, 1.09)
1.15 (0.77, 1.53)
1.12 (1.03, 1.20)

1.01 (0.97, 1.05)
1.07 (0.91, 1.22)
1.06 (1.02, 1.09)

Serious complications

Reoperations

Readmissions

1.16 (1.05, 1.27)

1.29 (0.86, 1.73)

1.00 (0.86, 1.14)

0.79 (0.59, 0.99)

Year 3

1.04 (1.01, 1.07)

1.14 (0.98, 1.31)

1.00 (0.96, 1.03)

0.96 (0.90, 1.02)

Year 1

All models are adjusted for patient characteristics, comorbidities, year of surgery, procedure type, and hospital characteristics.

*

0.76 (0.62, 0.9)

Year 2

0.92 (0.85, 0.98)

Year 1

1.00 (0.97, 1.03)

1.06 (0.90, 1.22)

0.96 (0.93, 1.00)

0.94 (0.88, 1.00)

Year 2

0.99 (0.96, 1.03)

0.97 (0.77, 1.16)

0.96 (0.91, 1.00)

0.96 (0.89, 1.03)

Year 3

N=1,226,497
Post-enrollment

N=430,179
Post-enrollment

Mortality

Adverse Outcome

Relative Risk of Adverse Outcomes After vs. Before Enrollment in ACS-NSQIP
Compared to Control Hospitals (95% CI)*

Relative Risk of Adverse Outcome in ACS-NSQIP Hospitals After vs. Before
Enrollment (95% CI)

Relative risk of risk-adjusted outcomes in ACS-NSQIP hospitals and Non-ACS-NSQIP matched control hospitals assessed at 1-, 2- and 3- years
following enrollment in simple pre-post (ACS-NSQIP hospitals after enrollment vs. before enrollment) and difference-indifference analysis
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Payment, mean

% with outlier payment

Payments for outliers

Payment, mean

% with readmission

$23,507

6.0

$12,124

14.7

$20,153

5.1

$11,889

13.2

$17,168

$18,746

Payments for index admission, mean

Payments for readmissions

$18,740

$20,529

Total payments, mean

$1625 (215, 3035)

7.0

−$12 (−497, 473)

15.2

$534 (219,848)

$642 (280,1003)

Year 1

$3391 (1662, 5120)

7.2

−$154 (−738, 431)

15.0

$815 (378, 253)

$879 (377,1382)

Year 2

Post-enrollment

N=430,179

$2872 (740, 5004)

7.4

−$268 (−897, 360)

15.0

$957 (396,518)

$1058 (414,1703)

Year 3

Difference in Average Medicare Payments After
Enrollment vs. Before in ACS-NSQIP Hospitals
(95% CI)

All models are adjusted for patient characteristics, comorbidities, year of surgery, procedure type and hospital characteristics.

*

N=404,663

N=217,324

Pre-enrollment

Non-ACSNSQIP
Control
Hospitals

ACS-NSQIP
Hospitals

$454 (−961,1868)

$95 (−405,596)

$54 (−163,272)

$166 (−78,410)

Year 1

$1459 (−48, 2965)

$201 (−339, 740)

$123 (−103,349)

$180 (−88,449)

Year 2

Post-enrollment

N=1,226,497

−$86 (−1666, 1495)

$245 (−231, 721)

−$11 (−278,257)

$40 (−268,348)

Year 3

Difference in Average Medicare Payments in
NSQIP Hospitals vs. Non-ACS-NSQIP Control
Hospitals After Enrollment
(95% CI)*

Medicare payments before vs. after enrolling in the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) compared to Non-ACS-NSQIP matched control hospitals.
Pre-enrollment payments represent mean payments over the three years prior to enrollment.
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