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Abstract

Background—Surgical checklists are increasingly used to improve compliance with evidence-

based processes in the perioperative period. Although enthusiasm exists for using checklists to 

improve outcomes, recent studies have questioned their effectiveness in large populations.

Objective—We sought to examine the association of Keystone Surgery, a statewide 

implementation of an evidence-based checklist and Comprehensive Unit Based Safety Program 

(CUSP), on surgical outcomes and healthcare costs.

Methods—We performed a study using national Medicare claims data for patients undergoing 

general and vascular surgery (n = 1,002,241) from 2006-2011. A difference-in-differences 

approach was used to evaluate whether implementation was associated with improved surgical 

outcomes and decreased costs when compared to a national cohort of non-participating hospitals. 

Propensity score matching was used to select 10 control hospitals for each participating hospital. 

Costs were assessed using price-standardized 30-day Medicare payments for acute 

hospitalizations, readmissions and high-cost outliers.

Results—Keystone Surgery implementation in participating centers (N=95 hospitals) was not 

associated with improved outcomes. Difference-in-differences analysis accounting for trends in 

non-participating hospitals (N=950 hospitals) revealed no differences in adjusted rates of 30-day 

mortality [Relative Risk (RR):1.03, 95%CI:0.97-1.10]; any complication (RR:1.03, 95%CI:

0.99-1.07); reoperations (RR:0.89, 95%CI:0.56-1.22); or readmissions (RR:1.01, 95%CI:

0.97-1.05). Medicare payments for the index admission increased following implementation ($516 

average increase in payments, 95%CI:$210 to $823 increase), as did readmission payments ($564 

increase, 95%CI:$89 to $1,040 increase). High-outlier payments ($965 increase, 95%CI:

$974decrease to $2904 increase) did not change.

Conclusions—Implementation of Keystone Surgery in Michigan was not associated with 

improved outcomes or decreased costs in Medicare patients.
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INTRODUCTION

Checklists have been reported to substantially decrease rates of adverse outcomes in surgical 

patients in controlled settings. Initial studies of safety checklist use in the operating room 

reported a 36% reduction in surgical complications (from 11% to 7%) and a 47% reduction 

in mortality (from 1.5% to 0.8%).(1) Numerous studies (2-4) and systematic reviews(5-7) 

have since corroborated these findings. Given the potential benefits of use, and the perceived 

ease of implementation, surgical safety checklists have since been adopted in more than 

1500 hospitals around the world, and have been nationally implemented in multiple 

countries.(8)

Despite this enthusiasm, the real world effectiveness of surgical checklists when 

implemented across broad areas and large populations remains unclear. A recent study of 

surgical checklist use in Ontario, Canada failed to show a significant improvement in 

surgical outcomes following mandatory adoption throughout the province.(9) However, this 

study has been criticized for a short follow-up interval, low event rates, and lack of a unified 

and comprehensive program for implementation.(10, 11) Moreover, no studies have directly 

evaluated the influence of surgical checklists on healthcare utilization or costs. Given recent 

concerns regarding the effectiveness of checklist-based quality improvement programs in 

surgery, a better understanding of their financial impact will be critical for healthcare leaders 

considering broad surgical checklist implementation.

In this study, we sought to investigate the impact of a checklist-based intervention, 

“Keystone Surgery,” on surgical outcomes, utilization, and costs in a large, high-risk 

population. The Keystone Surgery program was a surgical checklist-based intervention 

implemented within specialty-specific surgical teams at participating Michigan hospitals 

between April 2008 and January 2010. The implementation process was standardized, and 

supported by a comprehensive program to improve safety culture. To evaluate Keystone 

Surgery, we used national Medicare data to examine surgical outcomes and Medicare 

payments in patients undergoing surgery at participating Michigan hospitals, compared to 

patients undergoing surgery at national control hospitals not implementing the program. To 

create a similar cohort of control hospitals, we used propensity score matching.

METHODS

Data Source and Study Population

This study utilized claims data from the Center for Medicare and Medicaid Services (CMS) 

for the years 2006 to 2011. The Medicare Provider Analysis and Review (MEDPAR) file, 

which contains hospital discharge records for all fee-for-service acute care hospitalizations 

of Medicare beneficiaries not enrolled in managed care plans, was used to create the main 

dataset for analysis, and the Medicare Denominator file was used to determine vital status of 
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patients 30 days after surgery. This study was approved by the Institutional Review Board at 

the University of Michigan.

We used appropriate procedure codes from the International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) to identify all patients between 65 and 99 

years old who underwent one of eleven general and vascular surgery procedures: 

esophagectomy, pancreatic resection, colon resection, gastrectomy, liver resection, ventral 

hernia repair, cholecystectomy, appendectomy, abdominal aortic aneurysm repair, lower 

extremity bypass, and carotid endarterectomy (Supplemental Digital Content 1). These 

procedures were selected because they best represent general and vascular surgery, the two 

surgical specialties most impacted by the Keystone Surgery program. Moreover, within each 

specialty, we chose a spectrum of operations from common, low-risk procedures (e.g., 

cholecystectomy and appendectomy), to rare, high-risk procedures (e.g., pancreatectomy). 

Including this range of procedures allows us to explore the potential impact across different 

types of procedures. To minimize confounding and increase cohort homogeneity, patients 

who underwent abdominal aortic aneurysm repair were excluded if they had accompanying 

codes suggesting presence of a rupture, thoracoabdominal aneurysm, or dissection (1292 

patients, < 2% of patients undergoing aneurysm repair). We also excluded patients who 

underwent simultaneous procedures (e.g., colon and liver resection), which accounted for 

less than 1% of all cases.

Keystone Surgery Program

The Keystone Surgery Program was a prospective cohort intervention implemented within 

specialty-specific surgical teams at participating Michigan Health & Hospital Association 

hospitals (N=95 hospitals), with a goal of improving surgical care throughout the state.(12) 

Implementation within these hospitals occurred over a two-year period using a stepped-

wedge design (different hospitals and teams completed implementation at different times). 

The majority of hospitals implementing the program did so on May 1st, 2008. Two 

additional hospitals implemented the program on June 1st 2009, one on December 1st, 2009, 

and one on January 1st, 2010.

Like the Keystone ICU Patient Safety program,(13, 14) the Keystone Surgery program 

utilized two main components: a novel model to translate evidence into practice,(15) and the 

Comprehensive Unit-based Safety Program (CUSP) to improve safety culture.(16) The 

evidence-based practice component included a surgical checklist tool focused on six CMS 

Surgical Care Improvement Program process measures: appropriate prophylactic antibiotic 

use (selection, timing, and discontinuation), appropriate hair removal, maintenance of 

perioperative normothermia, and glucose control.(17-20) Participating operative teams were 

encouraged to use the surgical checklist during briefings and debriefings surrounding every 

procedure, to monitor use, and to adapt the tool to local needs. As such, the specific surgical 

checklist used at each institution was distinct, however the common domains of the SCIP 

measures were included in each. Examples of checklist questions would include “Has 

antibiotic prophylaxis been given within the last sixty minutes?”, and “What is the 

anticipated blood loss of the case?”. The CUSP is an iterative 5-step process, described 

elsewhere, that has been previously validated to improve teamwork and safety culture.(16, 
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21) This program was uniformly used within the Keystone Surgery program to support 

initial implementation and ongoing participation at participating hospitals.

For this analysis, Michigan hospitals participating in the Keystone Surgery program were 

identified, and the date of implementation at each hospital was determined. For Keystone 

hospitals, patients undergoing surgery prior to that hospital’s date of implementation were 

considered “pre-implementation,” while patients undergoing surgery after that date were 

considered “post-implementation.” Because the vast majority of patients underwent surgery 

at hospitals implementing the program on May 1st, 2008, patients undergoing surgery at 

Non-Keystone hospitals were considered “post-implementation” if they received surgery 

after May 1st, 2008.

Primary Outcomes

This analysis evaluated the influence of Keystone Surgery implementation on six important 

clinical outcomes: mortality, any complication, serious complications, reoperation, 

readmission, and length of stay. Mortality was defined as the rate of death within 30-days of 

the index procedure. Complications were defined using a list of primary and secondary 

ICD-9-CM diagnostic and procedure codes from the index hospitalization (Supplemental 

Digital Content 2).(22, 23) A complication was considered serious if the hospitalization 

included an extended length of stay (≥75th percentile for each procedure).(24, 25) 

Reoperations were identified using ICD-9-CM procedure codes indicating secondary 

procedures during the index hospitalization (Supplemental Digital Content 3).(26) 

Readmission was defined as admission (all causes included) to any hospital within 30-days 

after discharge from the index procedure.(27) Length of stay was identified using the time 

from date of admission for the index procedure to date of discharge.

Medicare Payments

We also evaluated the influence of Keystone Surgery implementation on Medicare 

payments. Though payments are not a direct measure of hospital costs, they represent a 

metric of resource utilization that can be compared across hospitals.(28, 29) In addition, 

these payments represent the perspective of Medicare, who is responsible for a majority of 

the excess costs associated with poor quality care.(30) In this analysis, we used Medicare 

facility payments from the MedPAR file, which include all payments related to the index 

hospitalization, readmissions, and high-cost outliers. Given that Medicare payments vary 

across hospitals (e.g., payments may include those for disproportionate share of low income 

patients or graduate medical education) and geographic regions (e.g., payments are indexed 

to reflect differences in wages), we used previously described methods to “price-adjust” 

Medicare payments.(29, 31)

Statistical Analysis

The purpose of this analysis was to evaluate whether implementation of the Keystone 

Surgery program in participating Michigan hospitals was associated with improved 

outcomes and decreased costs for Medicare patients, compared to similar hospitals that did 

not participate in the program. To do this, we used a difference-in-differences approach, 

which is an econometric technique commonly used to evaluate the impact of policy changes.
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(32-34) This approach utilizes a control group to isolate changes in outcomes associated 

with an intervention (e.g., implementation of Keystone Surgery) apart from changes 

observed in controls. Our control group included a national cohort of hospitals not 

participating in the program, as they were likely exposed to all other factors driving 

improved outcomes during the time period except implementation of Keystone Surgery.

We used propensity score matching to select 10 similar control hospitals for each Keystone 

hospital. We used multivariable logistic regression to estimate propensity scores for hospital 

matching, with Keystone Surgery participation as the dependent variable. Hospitals were 

matched based a propensity score that included annual surgical volume, hospital teaching 

status, for profit-status, and the availability of hospital technology(35). Hospital bed size and 

total surgical admissions were not included due to strong collinearity with surgical volume. 

Hospitals were matched on the logit of the propensity score using a caliper width of 0.1 

times the standard deviation of the logit of the propensity score, using the nearest neighbor 

method without replacement. To check for covariate imbalance before and after matching, 

we calculated t-tests for equality of means, the standardized percentage bias, and the pseudo-

R2, in order to achieve the greatest percentage reduction in absolute bias. A 1:10 match was 

used because it was empirically determined to result in the greatest bias reduction.

To perform the difference-in-differences analysis, we used the appropriate multivariable 

regression model (i.e. logistic regression for dichotomous clinical outcomes or linear 

regression for continuous Medicare payments) to evaluate the relationship between the 

dependent variable of interest and implementation of the Keystone Surgery program. The 

difference-in-differences model included a variable indicating whether the patient had 

surgery at a participating hospital (Keystone vs. control), a variable indicating whether the 

surgery occurred before or after Keystone Surgery implementation (pre-post), and the 

interaction of these two variables (Keystone*pre-post). The coefficient from this interaction 

term can be interpreted as the independent relationship between Keystone Surgery 

implementation and the outcome of interest.(33, 36, 37) In all models, we included a 

continuous year of surgery variable to account for linear time trends during the study period. 

We also adjusted for age, sex, race, procedure type, and coexisting conditions. Coexisting 

conditions were identified using the Elixhauser method, which uses ICD-9-CM codes to 

classify secondary diagnoses into 30 different comorbid conditions.(38, 39)

The main clinical findings of our analyses are presented as relative risks instead of odds 

ratios, as the latter are not an accurate representation of the risk ratio for common outcomes. 

(40) We used logistic regression models to estimate the marginal effects, which were then 

used to calculate relative risks. For all statistical tests, 95% confidence intervals were 

calculated using robust variance estimates, p-values were two-tailed, and alpha was set at 

0.05. All analyses were conducted using STATA version 12.0 (StataCorp, College Station, 

TX).

RESULTS

A total of 1,002,241 Medicare patients underwent general or vascular surgery during the 

study period. Details of patient and operative characteristics are shown in Table 1. The 
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average age of patients was 72.7 years old, 50.5% were female, and 12.4% were non-white 

race. A majority of the procedures performed were general surgery operations (73.7%). The 

most common general surgery operations were colon resection, cholecystectomy, and 

ventral hernia repair, while the most common vascular surgery operation was carotid 

endarterectomy. Although there were multiple statistically significant differences between 

the Keystone and control cohorts, there were few clinically significant differences (Table 1).

Table 2 displays the characteristics of the 1045 study hospitals. Overall, the Keystone 

(N=95) and control (N=950) cohorts were well matched, as there were no significant 

differences between the groups outside of geographic location. A majority of hospitals were 

non-profit (90.5%), performed <175 cases per year (67.7%), and had <200 beds (66.3%). 

Only 42.7% were considered high-technology, and less than 10% were teaching hospitals 

(Table 2).

Risk adjusted rates of adverse outcome at Keystone hospitals are shown in Table 3. In 

Keystone hospitals, rates of 30-day mortality (4.7% before implementation vs. 4.5% after, 

p<0.001), any complication (18.4% vs. 20.3%, p<0.001), serious complications (8.8% vs. 

9.1%, p<0.001), reoperations (0.6% vs. 0.5%, p=0.51), readmissions (13.1% vs.13.3%, 

p<0.001), did not decrease following implementation of the program. Difference-in-

differences analysis accounting for trends in non-participating hospitals revealed no 

differences in adjusted rates of 30-day mortality [Relative Risk (RR): 1.03, 95% CI: 

0.97-1.10]; any complication (RR: 1.03, 95% CI: 0.99-1.07); reoperations (RR: 0.89, 95% 

CI: 0.56-1.22); and readmissions (RR: 1.01, 95% CI: 0.97-1.05), and revealed a slightly 

increased risk of serious complications (RR: 1.06, 95% CI: 1.01-1.11). Mean length of stay 

(7.2 days vs 6.6 days, p<.001) did decrease slightly following implementation. However 

when taking into account the secular trends using the difference-in-differences technique 

this was not significant; the relative change in length of stay after Keystone implementation 

versus control hospitals was .17 days (95% CI -.06 to .41).

The influence of Keystone Surgery implementation on Medicare payments is shown in 

Table 4. In Keystone hospitals, there were no significant differences in total Medicare 

payments, or payments for index admissions, readmissions, or high-outliers following 

implementation. After accounting for trends in non-participating hospitals, Medicare total 

payments ($516 average increase, 95% CI: $210 to $823 increase, p<0.001), index 

admission payments ($439 average increase, 95% CI: $168 to $711 increase, p=0.002) and 

payments for readmission ($564 average increase, 95% CI: $ 62 to $1,216 increase, p=0.02) 

were higher in participating hospitals compared to controls, while payments for outliers 

($965 average increase, 95% CI: $1974 decrease to $2904 increase, p=0.44) did not change. 

As shown in Table 4, the increases in total payments and index admission payments likely 

resulted from increased payments for vascular surgery procedures during the study period.

Table 5 demonstrates the adverse outcomes as well as change in payment for each operation 

individually, to further clarify whether specific procedures types were impacted differently 

by the Keystone program. The findings were similar for each procedure, with no evidence of 

improved outcomes or reduced payments following Keystone implementation. The relative 

risk for mortality (RR 1.31, 95% CI 1.09-1.53), and the overall length of stay (.46 day 
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increase, 95% CI .05-.87) increased slightly for appendectomy, and the length of stay for 

carotid endarterectomy increased by .17 days (95% CI .04-.31).

DISCUSSION

In this study, we found that implementation of a checklist-based intervention across 

Michigan was not associated with improved surgical outcomes (mortality, complications, or 

serious complications) in Medicare patients. When stratifying by type of procedure, 

including a spectrum of low- and high-risk operations, there was still no evidence of 

improvement in outcomes. In addition, we found no evidence that the program decreased 

resource utilization (reoperations or readmissions) or costs (Medicare payments). When 

compared to a national cohort of similar hospitals not participating in the program, these 

findings persisted.

Studies evaluating the effectiveness of surgical checklists are mixed. While numerous 

studies have reported significant improvements in surgical outcomes and safety culture 

following surgical checklist implementation,(1, 2, 4-6, 41) the majority of these studies have 

occurred in small populations or single institutions with controlled environments, and did 

not include a control group. On the other hand, multiple recent population-based studies of 

real world checklist implementation in surgical patients have failed to report significant 

associations with improved outcomes,(9, 42) but have been criticized due to methodological 

concerns. The evaluation of mandatory checklist adoption in Ontario, Canada by Urbach and 

colleagues,(9) for example, only evaluated outcomes 3 months following checklist 

implementation and included a substantial proportion of low-risk outpatient procedures. 

Moreover, though checklist-adoption was mandatory, the implementation strategies used to 

support adoption were variable.(10, 11)

The methods used in this study overcome many of the limitations of prior work. First, rather 

than include low-risk and outpatient procedures only, we evaluated a cohort comprised of 

both low- and high-risk patients. Second, we incorporated a much longer follow-up period, 

as we assessed outcomes up to 3 years following implementation. Third, we evaluated a 

program that was supported by a standardized and comprehensive implementation strategy, 

unlike the variable implementation support seen in Ontario. And finally, to limit 

confounding, we included a cohort of similar, non-participating hospitals as a control group. 

Given these additional strengths, we believe the findings of this study demonstrate strong 

evidence that surgical checklist implementation in the real world, even when supported by a 

robust and comprehensive implementation strategy, may have a limited impact on surgical 

outcomes.

The lack of an association between Keystone Surgery implementation and reduced costs is a 

new and interesting finding. To our knowledge, no studies have directly evaluated the 

impact of surgical checklists on hospitals costs or Medicare payments. A previous economic 

evaluation of the Keystone ICU project reported that $3,375 was saved with each medical 

infection averted, and estimated that more than $50,000 in additional health care costs could 

ultimately be saved by the program.(43) Studies estimating potential savings following use 

of surgical checklists, such as those by Semel and colleagues,(44) assume program 
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effectiveness will be similar to the results reported in the Safe Surgery Saves Lives Study,(1) 

which has not been consistently replicated across all studies of surgical checklist 

implementation. Although estimated cost savings in their analysis were robust to variations 

in the cost of implementation, the authors did not consider the scenario presented here: a 

comprehensive implementation strategy was used to broadly implement a checklist that did 

not improve outcomes. In other words, substantial resources (financial and otherwise) were 

used to implement the program, but the intervention did not appear to generate cost savings.

This study has several limitations. First, given this study only includes Medicare patients, it 

may not generalizable to patients younger than 65 years old. Second, the use of 

administrative data may limit robust risk-adjustment, due to miscoding and imprecision, and 

the lack of granular clinical detail.(45, 46) Despite these limitations, Medicare data was 

purposely chosen for this study for multiple reasons. First, Medicare patients comprise a 

substantial number of all patients undergoing the operations in question, and represent a 

cohort with increased risks of morbidity and mortality for whom these results may be most 

applicable. Second, the use of Medicare data allows for a novel evaluation of healthcare 

costs associated with surgical checklist implementation through an analysis of Medicare 

payments, which has not been done previously. And most importantly, the use of Medicare 

data allows for evaluation of both participating and non-participating hospitals, which limits 

concern for confounding from competing quality improvement programs or organizations. A 

third limitation of our study is a lack of detail regarding implementation and program 

compliance at participating hospitals. Multiple prior studies have reported associations 

between these details and checklist effectiveness.(47, 48) Though compliance data would 

help explain why Keystone Surgery program implementation was not effective, the purpose 

of the present study was to evaluate the impact of the program on clinical outcomes, rather 

than assess why it did or did not work. A detailed assessment of program implementation, 

including a qualitative assessment of the barriers to implementation, is beyond the scope of 

the present study.

This study has important implications for organizations considering surgical checklist 

implementation. Many argue that checklists should be universally adopted because they are 

easy, inexpensive, and not likely to be harmful. While we agree that checklists can be 

beneficial, especially to prevent rare events (e.g., wrong-site surgery) and to improve 

communication among operating room teams, our present study suggests that organizations 

should not expect large improvements in outcomes after implementation. Much of the 

literature supporting checklists suggests front-line provider buy-in and comprehensive 

implementation strategies are essential to achieve true checklist compliance, which is 

associated with program effectiveness.(47, 49) Yet the results of this and other recently 

published studies of checklist utilization across broad populations suggest that successful 

implementation is more difficult to achieve in the real world. Given the potential resources 

and costs associated with a comprehensive implementation strategy, organizations wishing 

to use surgical checklists must design their intervention carefully, in order to maximize both 

clinical effectiveness, and cost savings.
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Table 1

Characteristics of patients undergoing surgery at hospitals participating in the Keystone Surgery program, 

compared to a national cohort of control hospitals, during the years 2006 to 2011 (values represent 

percentages unless otherwise noted; SD: standard deviation).

Patient Characteristics
Patients at Keystone Surgery Hospitals

N= 91,317
Patients at Control Hospitals

N= 910,924

Patient Age, mean (SD) 72.5 (10.8) 72.7 (10.7)*

Female 50.2 50.5

Non-white race 11.8 12.4*

General surgery cases

 All general surgery 71.4 73.7*

 Esophagectomy 1.6 1.3*

 Pancreatic resection 0.8 1.0*

 Colon resection 23.4 22.9*

 Gastrectomy 1.8 2.0*

 Liver resection 1.2 1.7*

 Ventral hernia repair 14.0 13.5*

 Cholecystectomy 21.7 24.3*

 Appendectomy 6.9 7.0

Vascular surgery cases

 All vascular surgery 28.6 26.3*

 Abdominal aortic aneurysm repair 6.3 6.3

 Lower extremity bypass 7.0 6.9

 Carotid endarterectomy 15.3 13.1*

Comorbid diseases

 Hypertension 58.2 57.0*

 Diabetes w/o chronic complications 19.8 19.0*

 Chronic pulmonary disease 20.0 18.2*

 Peripheral vascular disease 11.4 10.7*

 Hypothyroidism 10.1 8.9*

 Congestive heart failure 8.9 7.8*

 Chronic anemia 2.1 1.5*

 Renal failure 8.8 8.6

 Disseminated cancer 6.0 6.6*

 Depression 4.8 4.5*

 Neurological disorder 3.5 3.5

 Coagulopathy 2.8 3.0*
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Patient Characteristics
Patients at Keystone Surgery Hospitals

N= 91,317
Patients at Control Hospitals

N= 910,924

 Liver disease 1.8 2.2*

 Pulmonary vascular disease 1.2 1.5*

 Psychoses 1.9 1.8

*
Statistically significant difference (P<.05) between Keystone Surgery & Control hospitals.
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TABLE 2

Characteristics of hospitals participating in the Keystone Surgery program, compared to a national cohort of 

control hospitals, during the years 2006-2010.

Hospital Characteristics
Keystone Surgery Hospitals

N=95
Control Hospitals

N=950

Surgical volume (annual cases)

<175 67.4 67.7

 175-374 18.9 17.9

 375-574 9.5 10.1

 ≥ 575 4.2 4.3

Teaching hospital 8.4 8.4

Technology hospital 43.2 42.7

Geographic region

 Northeast 0.0 17.9*

 Midwest 100.0 33.1*

 South 0.0 30.7*

 West 0.0 18.3*

Bed size

 <200 66.3 66.3

 200-349 15.8 15.6

 350-499 9.5 10.1

 ≥ 500 8.4 8.0

Baseline outcomes (first year)

Mortality 4.7 4.6

Complications 17.4 17.8

Serious complications 8.3 8.4

Reoperation 0.6 0.5

Readmissions 13.0 13.7

Other characteristics

 Nurse ratio 8.6 7.7

 % Medicaid days 18.0 17.7

Profit status

 For-profit 1.1 1.1

 Non-profit 90.5 90.5

 Other 8.4 8.4

Licensed Beds 219 247

Total Admissions 9,277 9,582

Full-Time Equivalent Employees 1,301 1,230

Total Annual Surgical Operations 7,826 7,312
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Hospital Characteristics
Keystone Surgery Hospitals

N=95
Control Hospitals

N=950

Number of Operating Rooms 8.5 10.2

*
Statistically significant difference (P<.05) between Keystone Surgery & Control hospitals.
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Table 3

Adjusted rates and relative risks of adverse outcomes, at hospitals participating in Keystone Surgery, and in 

the entire cohort, after Keystone Surgery implementation compared to before (values are percentage unless 

otherwise noted; CI: confidence interval)

Adverse Outcome Hospitals Participating in Keystone Surgery Entire Cohort

Before enrollment in 
Keystone Surgery*

N = 37,393

After enrollment in 
Keystone Surgery*

N = 53,924

Relative Risk of adverse 
outcome after enrollment vs. 

before (95% CI)**
N = 91,317

Relative Risk of adverse 
outcomes after enrollment 
vs. control hospitals (95% 

CI)***
N = 1,002,241

Mortality

Overall 4.66 4.51 0.97 (0.81, 1.13) 1.03 (0.97, 1.10)

General 5.38 5.17 0.95 (0.77, 1.12) 1.02 (0.95, 1.09)

Vascular 2.39 2.28 1.16 (0.87, 1.45) 1.10 (0.94, 1.26)

Complications

Overall 18.35 20.33 1.06 (0.99, 1.13) 1.03 (0.99, 1.07)

General 20.19 22.45 1.07 (1, 1.14) 1.03 (0.98, 1.07)

Vascular 12.52 13.23 0.99 (0.85, 1.13) 1.05 (0.98, 1.13)

Serious complications

Overall 8.79 9.05 1.02 (0.92, 1.12) 1.06 (1.01, 1.11)

General 9.56 9.83 1.03 (0.93, 1.13) 1.05 (0.99, 1.10)

Vascular 7.17 7.25 0.96 (0.74, 1.19) 1.10 (1.00, 1.19)

Reoperations

Overall 0.59 0.54 0.88 (0.34, 1.42) 0.89 (0.56, 1.22)

General 0.78 0.69 0.89 (0.32, 1.46) 0.89 (0.56, 1.21)

Vascular 0.15 0.13 0.75 (0.21, 2.43) 0.97 (0.09, 1.86)

Readmissions

Overall 13.10 13.34 1.03 (0.96, 1.11) 1.01 (0.97, 1.05)

General 13.57 13.81 1.01 (0.91, 1.1) 0.99 (0.95, 1.04)

Vascular 11.77 11.96 1.11 (0.98, 1.24) 1.04 (0.99, 1.09)

*
Adjusted for year of surgery.

**
Adjusted for year of surgery, patient characteristics, procedure type, and coexisting conditions.

***
The independent impact of Keystone Surgery was ascertained using a differences-in-differences analysis, which compared adverse outcomes 

after vs. before enrollment after controlling for trends towards improved outcomes in control hospitals. These models also adjusted for year of 
surgery, patient characteristics, procedure type, and coexisting conditions.
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Table 4

Medicare facility payments at hospitals participating in Keystone Surgery, and in the entire cohort, after 

Keystone Surgery implementation compared to before (CI: confidence interval).

Payment as Outcome in 2010 
dollars

Hospitals Participating in Keystone Surgery Entire Cohort

Before 
enrollment in 

Keystone 
Surgery*

N = 37,393

After 
enrollment in 

Keystone 
Surgery*

N = 53,924

Difference in Medicare 
payments after enrollment 

vs. before (95% CI)**
N = 91,317

Difference in Medicare 
payments after enrollment 
vs. control hospitals (95% 

CI)***
N = 1,002,241

Total payments

Overall $17,817 $15,119 $846 ($155, $1,538) $516 ($210, $823)

General $19,107 $16,185 $813 ($151, $1,476) $566 ($175, $958)

Vascular $14,758 $12,367 $879 ($-414, $2,173) $378 ($109, $646)

Payments for index admission

Overall $16,159 $13,687 $689 ($83, $1,296) $439 ($168, $711)

General $17,387 $14,689 $649 ($61, $1,237) $476 ($123, $830)

Vascular $13,243 $11,098 $780 ($-337, $1,897) $343 ($130, $556)

Payments for readmissions

 Overall

% with payment 14.7 14.2

Payment when present $11,277 $10,072 $268 ($-914, $1,450) $564 ($89, $1,040)

 General

% with payment 15.3 14.7

Payment when present $11,223 $10,158 $351 ($-991, $1,692) $624 ($64, $1,184)

 Vascular

% with payment 13.3 12.9

Payment when present $11,426 $9,821 $-118 ($-2,334, $2,098) $250 ($-657, $1,158)

Payments for outliers

 Overall

% with payment 4.8 4.7

Payment when present $20,328 $18,700 $-4,638 ($-9,825, $550) $965 ($-974, $2,904)

 General

% with payment 5.4 4.7

Payment when present $21,466 $20,221 $-4,322 ($-10,195, $1,551) $820 ($-1,895, $3,535)

 Vascular

% with payment 3.5 4.4

Payment when present $16,179 $14,506 $-3,406 ($-7,756, $944) $1,188 ($-1,186, $3,563)

*
Adjusted for year of surgery.

**
Adjusted for year of surgery, patient characteristics, procedure type, and coexisting conditions.
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***
The independent impact of Keystone Surgery was ascertained using a differences-in-differences analysis, which compared adverse outcomes 

after vs. before enrollment after controlling for trends towards improved outcomes in control hospitals. These models also adjusted foryear of 
surgery, patient characteristics, procedure type, and coexisting conditions
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