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Abstract

Objective: To evaluate sources of 90-day episode spending variation in Medicare patients 

undergoing bariatric surgery and whether spending variation was related to quality of care.

Summary Background Data: Medicare’s Bundled Payments for Care Improvement-Advanced 

(BPCI-A) program includes the first large-scale episodic bundling program for bariatric surgery. 

This voluntary program will pay bariatric programs a bonus if 90-day spending following surgery 

falls below a pre-determined target. It is unclear what share of bariatric episode spending may be 

due to unnecessary variation and thus modifiable through care improvement.

Methods: Retrospective analysis of fee-for-service Medicare claims data from 761 acute care 

hospitals providing inpatient bariatric surgery between January 1, 2011 and September 30, 2016. 

We measured associations between patient and hospital factors, clinical outcomes, and total 

Medicare spending for the 90-day bariatric surgery episode using multivariable regression models.

Results: Of 64,537 patients, 46% underwent sleeve gastrectomy, 22% revisited the ED within 90 

days, and 12.5% were readmitted. Average 90-day episode payments were $14,124, ranging from 

$12,220 at the lowest-spending quintile of hospitals to $16,887 at the highest-spending quintile. 
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After risk adjustment, 90-day episode spending was $11,447 at the lowest quintile vs $15,380 

at the highest quintile (difference $3932, p<.001). The largest components of spending variation 

were readmissions (44% of variation, or $2,043 per episode), post-acute care (19%, or $871), and 

index professional fees (15% or $450). The lowest spending hospitals had the lowest complication, 

ED visit, post-acute utilization, and readmission rates (p<0.001).

Conclusions and Relevance: In this retrospective analysis of Medicare patients undergoing 

bariatric surgery, the largest components of 90-day episode spending variation are readmissions, 

inpatient professional fees, and post-acute care utilization. Hospitals with lower spending were 

associated with lower rates of complications, ED visits, post-acute utilization, and readmissions. 

Incentives for improving outcomes and reducing spending appear to be well-aligned in Medicare’s 

bundled payment initiative for bariatric surgery.

MINI-ABSTRACT

Medicare’s largest-scale bundled payment program expanded to cover bariatric surgery in 2020. 

We analyzed the relationship of variation in 90-day episode spending to readmissions and 

complications. We found that the largest components of spending variation were readmissions 

(44% of variation), post-acute care (19%), and index professional fees (15%). The lowest-

spending hospitals had the lowest readmission and complication rates.

Introduction

In the effort to contain the rising costs of surgical care, bundled payment programs have 

emerged as a promising alternative payment model. These programs set a target payment 

for all services in the 30 to 90 days following surgery, aligning the financial incentives for 

involved providers such as acute care hospitals, physicians, and post-acute care providers. 

These providers are allowed to share the money that they save but are penalized when total 

episode spending exceeds the target—encouraging better care coordination and discouraging 

wasteful spending.

Medicare’s Bundled Payments for Care Improvement Advanced (BPCI-Advanced) is the 

most recent federal bundled payment effort and includes the first large-scale bundling 

program for bariatric surgery. Prior evaluations of bundled payment programs have 

suggested savings of nearly $800 per episode for orthopedic procedures such as lower 

extremity joint replacement, with the majority of savings resulting from reductions in 

post-acute care utilization.1,2 However, there are two areas of uncertainty in the expansion 

of bundled payments to bariatric surgery. First, the sources of spending variation from 

which to achieve savings are unknown. Second, it is unknown if the overall patterns of 

spending variation for bariatric surgery are related to discretionary utilization or due to 

complications, each of which would imply different strategies for cost savings: for instance, 

utilization management versus quality improvement. Identifying the sources of variation and 

whether they are modifiable would therefore be critical for achieving savings under bundled 

payments and improving care for Medicare patients undergoing bariatric surgery.

Prior research on episode spending variation in Medicare bariatric surgery patients preceded 

the era of sleeve gastrectomy3—now the most commonly performed bariatric procedure 
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nationwide.4,5 We build on this work by studying a contemporary population of Medicare 

bariatric surgery patients who would be potentially subject to the BPCI-Advanced program. 

We sought to answer three key questions. First, what are the patient factors associated 

with variations in 90-day bariatric surgery episode spending? Second, what are the hospital 

factors associated with variations in 90-day bariatric surgery episode spending? Lastly, we 

assessed whether variations in 90-day bariatric surgery episode spending was related to 

differences in utilizations or complication rates after surgery.

Methods

Data Source and Study Cohort

We used 100% claims from the Medicare Provider Analysis and Review (MedPAR) file 

from January 2011 to September 2016 at nonfederal acute care hospitals. This dataset 

contains claims of all fee-for-service Medicare patients with Part A and Part B coverage. We 

analyzed data from inpatient, outpatient, carrier, home health, skilled nursing facility, and 

long stay hospitals.

We included patients aged 19–85 with continuous coverage for 3 months before and 3 

months after the surgical procedure. We included only patients with Diagnosis-Related 

Group (DRG) codes 619, 620, or 621 reflecting bariatric surgery as well as CPT codes 

43775 (for sleeve gastrectomy), 43644, and 43645 (for gastric bypass) with matching 

ICD9/10 diagnosis codes for morbid obesity (see Appendix). We used the Elixhauser 

comorbidity coding system to capture all comorbidities documented in the 3 months 

prior to surgery.6 To capture surgical complications related to bariatric surgery, we used 

ICD-9 and ICD-10 codes previously described to have high sensitivity and specificity.7 

Patients undergoing laparoscopic gastric banding were not included in the cohort, since they 

represent a minimal proportion of Medicare patients undergoing bariatric surgery.

Hospitals were identified by provider number in the MEDPAR file, and additional hospital 

information was obtained from the American Hospital Association Annual Survey. We 

excluded hospitals that performed less than 10 bariatric operations on Medicare beneficiaries 

during the 7-year study period. Bariatric Center of Excellence (COE) status was obtained by 

reviewing publicly-available lists of ASMBS and MBSAQIP accredited centers; we assigned 

COE status to all hospitals that were ever accredited by the ASMBS or MBSAQIP to 

perform bariatric surgery during the study period.

Outcomes

Our primary outcome was 90-day episode payments, defined as the sum of all payments 

from the day of surgery to 90 days afterward. These included inpatient and outpatient 

facility fees, professional (physician) fees, and fees from observation stays. We used 

price-standardization methods previously described to adjust for intended differences in 

Medicare payment rates (by year, wage index, and graduate medical education expenses; see 

eAppendix for details).8–11 We broke down episode payments as shown in Figure 1 based 

on revenue center codes. Emergency department stays were identified using an algorithm 

previously described by the Research Data Assistance Center (RESDAC).12 If a patient was 
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initially seen in the emergency department after surgery but then readmitted as an inpatient, 

all spending from that encounter fell into the readmissions category.

Analysis

We built regression models to risk-adjust Medicare payments at the 90-day episode 

level. The outcome variable was the price-standardized 90-day episode payment and the 

explanatory variables were: year, age, sex, procedure, Elixhauser comorbidities, and hospital 

characteristics.

We then calculated the percentage of the unadjusted episode payment attributable to each 

spending category at the patient level. Ninety-day total episode payments were risk-adjusted 

by using generalized linear models with log link and gamma distribution to calculate 

predicted 90-day episode payments, calculating the observed/predicted ratio and multiplying 

this by the population mean episode payment. After risk-adjusting the total 90-day payment, 

to break the total down into risk-adjusted categories, we then multiplied the risk-adjusted 

total by the percent attributable to each category. Risk-adjusted payment components were 

then aggregated at the hospital level. Finally, we generated quintiles of average episode 

payments at the hospital level based on the risk-adjusted averages. All significance testing 

was conducted at the 5% level with two-sided tests accounting for hospital-level clustering. 

All analyses were performed in Stata 15 (College Station, TX). The study was deemed 

exempt by the University of Michigan institutional review board as it represented a 

secondary analysis of de-identified data.

Results

We identified 64,537 Medicare patients undergoing bariatric surgery at 761 hospitals 

between 2011–2016. The average age was 56; 74% were female, and 46% underwent sleeve 

gastrectomy, with the remaining 54% undergoing gastric bypass (Table 1). At the lowest-

spending hospitals (Quintile 1), episodes were more often assigned DRG 621, representing 

bariatric surgery without major comorbidities or complications (81.2% in Quintile 1 vs, 

67.5% in Quintile 5, difference 13.7%, 95% CI for difference 12.7%−14.7%, p <.001). 

Episodes in the highest-spending hospitals (Quintile 5) were more likely to involve outlier 

payments (2.8% vs. 0.3%, difference 2.5%, 95% CI for difference 2.2%−2.8%, p<.001), 

more likely to involve readmissions within 90 days (16.8% vs. 8.3%, difference 8.4%, 95% 

CI for difference 7.6%−9.2%, p<.001), and more likely to involve ED visits (23.7% vs. 

19.5%, difference 4.2%, 95% CI for difference 3.2%−5.2% p<.001).

Characteristics of the identified hospitals are listed in Table 2. After adjusting for patient 

characteristics, average episode spending at the hospital level was not monotonically 

associated with any of the observable characteristics selected for study, including the share 

of sleeve gastrectomies, bed size, for-profit status, Medicaid share, urban vs. rural setting, 

geographic region, or bariatric center of excellence accreditation.

However, at the patient level, sleeve gastrectomy was associated with $2,011 lower total 

episode spending relative to gastric bypass (p<0.001, see eTable 1). Over time, episode 

spending for gastric bypass decreased from 2011–2016, but spending for sleeve gastrectomy 
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did not. Although the majority of patients were entitled to Medicare due to disability (72%) 

rather than age (26%, Table 1), episode spending in disabled beneficiaries was $596 higher 

than in patients receiving Medicare due to age (p<.001, eTable 1).

Total 90-day episode payments averaged $14,124 overall (95% CI $13,998-$14,251), from 

$12,220 at the lowest-spending quintile of hospitals to $16,887 at the highest-spending 

quintile of hospitals (Figure 2). The largest components of 90-day episode payments across 

all hospitals were: inpatient DRG payments (61%), professional fees during the index 

hospitalization (15%) and readmission spending (10%). The components that contributed 

most to spending variation between the 1st and 5th quintile of hospital were readmission 

spending (44% of variation, or a difference of $2,043 between quintile 5 and quintile 1), 

post-acute care (19%, or $871), and professional fees during the index hospitalization (15%, 

or $450) of variation (Table 3). Together, these three categories accounted for 72% of 

variation, or $3,364 of the spending difference between the highest and lowest-spending 

quintiles of hospitals.

At the hospital level, 90-day readmissions rates varied from 7% at the lowest-spending 

hospitals to 17% at the highest-spending hospitals (p<.001), after accounting for hospital 

characteristics, procedure choice, and patient characteristics (Table 4). Hospital-level 

utilization of post-acute care also varied widely, from 5% to 17% (p<.001). ED revisit rates 

and complication rates also varied with the quintile of hospital spending, but less widely 

than readmissions rates and institutional PAC utilization.

Discussion

In this study of Medicare patients undergoing bariatric surgery, we found significant 

variation in 90-day episode spending, with payments averaging $12,383 at the lowest-

spending quintile of hospitals and $16,705 in the highest-spending quintile. Nearly 80% 

of variation was driven by just three categories of spending: readmissions, post-acute 

care utilization, and physician fees from the index hospitalization. Emergency department 

utilization, DRG payments, outlier payments, and other professional/facility fees incurred 

in the 90-day episode contributed comparatively little to total episode spending. The 

lowest-spending hospitals had the lowest complication, ED visit, post-acute utilization, and 

readmission rates. Given the association between complication rates with ED visit and 

readmission rates, decreasing the rate of complications represents a promising target for 

bariatric programs aiming to achieve financial savings through BPCI-Advanced.

Though readmission rates after bariatric surgery have previously been estimated at 5–8% 

within 30 days,3,13–15 our study found that 90-day readmission rates vary from 7% to 17% 

between the lowest- and highest-spending hospitals. This differs from prior estimates for 

several reasons. First, as in BPCI Advanced, we used a 90-day episode definition, which 

captures more readmissions than the 30-day definition used in prior research. Second, we 

studied the Medicare population, which has a higher comorbidity burden and readmissions 

rate than the commercially insured population. Variation in readmissions rates explained 

44% of the difference between the lowest- and highest-spending quintiles of hospitals, 
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suggesting that readmissions will be a key target for bariatric surgery programs participating 

in BPCI-Advanced.

Our data also suggest that some readmissions may be avoidable at the highest 

spending-programs. For instance, at the lowest-spending hospitals, complication rates and 

readmissions rates at 90 days are similar (6% for complications, vs. 7% for readmissions). 

At these hospitals, the readmissions rate is approximately one-third of the ED revisit rate 

(20%). At the highest-spending hospitals, the readmissions rate exceeds the complication 

rate (17% vs. 14%, respectively), and the readmissions rate is approximately two-thirds the 

ED revisit rate (24%). This suggests that the highest-spending hospitals may be readmitting 

some patients who do not have severe complications and may have a lower threshold to 

admit patients who could have been treated in the emergency department.

Supporting the notion that a substantial share of readmissions and spending may be 

avoidable, we noted that complication rates varied more than twofold across quintiles of 

hospital spending, ranging from 6% of patients at the lowest-spending hospitals to 14% of 

patients at the highest-spending hospitals. This suggests that aggressive quality improvement 

efforts have the potential to reduce bariatric surgery episode spending. However, programs 

may also be able to reduce readmissions rates without reducing complications. According 

to prior research, the most common symptoms prompting ED utilization after bariatric 

surgery are abdominal pain, postoperative infection, dehydration, and vomiting.13 Some 

of these represent true surgical complications (e.g. postoperative infection), but others 

may simply represent inadequate symptom control and/or poor communication with one’s 

surgical team. Frequent communication between surgical programs and patients may 

avert unnecessary readmissions, by monitoring pain and hydration and intervening before 

readmission becomes necessary. Going forward, programs may also consider developing 

lower-cost models of care, such as outpatient infusion services or urgent care center 

bariatric treatment protocols, which are being introduced in the state of Michigan to reduce 

readmissions and ED utilization.16–18

The second leading component of episode spending variation in our study was post-acute 

care utilization, contributing to 4% of total spending but 19% of variation between the 

lowest- and highest-spending quintiles of hospitals. Though most hospitals spent under $500 

per patient on post-acute care, the highest-spending quintile of hospitals spent $1,011 per 

patient on post-acute care. Given that our episode spending estimates are adjusted for patient 

severity, this suggests that post-acute care utilization is often independent of patient factors. 

In orthopedic surgery, the utilization of post-acute care (e.g. skilled nursing facilities, 

rehabilitation, etc.) has been shown to be highly institution-specific and preference-sensitive. 

Our data suggest that ensuring the appropriateness of post-acute care may be a safe way to 

reduce episode spending in bariatric surgery as well.

The third leading component of episode spending variation identified was professional 

fees during the index hospitalization, contributing 15% to total episode spending and 10% 

to variation between the lowest- and highest-spending quintiles of hospitals. The study 

design accounted for differences in procedure choice, patient severity, and geographic or 

contractual differences in Medicare reimbursements for the same services. Thus, payments 
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to surgeons and anesthesiologists are unlikely to be the source of variation, since these 

will vary minimally across most facilities given the above adjustments. This variation is 

more likely to represent differences in the use of inpatient physician consultations, such 

as cardiology and endocrinology, which are routine in some programs but not others.19 

Programs seeking to minimize unnecessary index professional payments might limit their 

reliance on new inpatient consultations, instead establishing medical management plans (e.g. 

cardiovascular and endocrine care) on an outpatient basis prior to the surgical admission.

BPCI-Advanced participants aiming to earn reconciliation payments will need to keep 

90-day episode spending below their program-specific target price, which is based on a 

complex prediction model that incorporates historical spending, case mix, and peer group 

characteristics and spending trends. The 90-day spending prediction is discounted by 3%, so 

participants must spend 97% or less of their predicted amount in order to earn reconciliation 

payments.20 A 3% discount from the total 90-day payment would range from $350 to 

$500 for most hospitals in this analysis. As shown in Table 4, spending varies between the 

lowest- and highest-spending hospitals by over $500 within the categories of readmissions 

and post-acute care. This suggests that a promising strategy for high-spending hospitals to 

reduce 3% (or more) of their episode spending would be to focus on these two categories.

Though this analysis suggests that incentives in BPCI-Advanced are well-aligned with 

the clinical goal of providing efficient, high-quality care, we cannot be certain that 

the policy will avoid unintended consequences. Like other pay-for-performance efforts, 

BPCI-Advanced could encourage “cherry picking” healthier patients, or discourage riskier 

operations like gastric bypass or revisional surgery. The program’s target pricing methods 

account for patients’ comorbidities, recent healthcare utilization, and DRG assignment—

which address these concerns to some degree. The program also compares hospitals 

to a “peer group” with similar teaching, safety net, and urban/rural status. Bundled 

payment programs for other conditions such as lower extremity joint replacement have 

not been associated with significant cherry picking, suggesting that this is unlikely in 

bariatric bundles as well.2,21 Regarding procedure choice, though incentives to minimize 

complications may potentially bias hospitals against higher-risk procedures such as 

revisional surgery or gastric bypass compared to sleeve gastrectomy, existing data suggest 

that procedure choice is still largely driven by surgeons.22 As the surgeon-level RVU 

assignments and reimbursements for riskier procedures are not affected, it is unlikely that 

BPCI-A would result in a large shift towards sleeve gastrectomy above and beyond current 

secular trends. Finally, the use of observation status has risen in recent years and may have 

artificially decreased readmissions rates at some facilities more than others.23,24 However, 

Medicare spending on observation stays is still counted within the 90-day episode payment, 

so this is unlikely to be a promising strategy for gaming programs such as BPCI-A.

This study has several limitations. First, since the list of participants in BPCI-Advanced 

bariatric surgery bundles has not yet been released, we are unable to comment specifically 

on spending variation at those programs. Rather, our findings generalize to all acute care 

hospitals performing bariatric surgery with 10 or more Medicare cases over a seven-year 

period. Future studies should examine whether patterns of spending variation are different 

at BPCI-Advanced participating programs, and whether program participation is associated 
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with subsequent reductions in episode spending. Second, we studied administrative data: 

episode spending may be confounded by patient severity, practice patterns, or complications 

in a way that we could not observe using administrative claims. However, we used largely 

the same administrative data that will be used to determine target prices and reconciliation 

payments for BPCI-Advanced participants. Third, and related, our observational design does 

not allow causal inferences: increases in spending may only be associated with readmissions 

rates and other factors, without a true causal relationship.

Conclusions

In this study of Medicare patients undergoing bariatric surgery, we found wide variation in 

hospital 90-day episode spending patterns, particularly on readmissions, post-acute care, 

and professional fees during the index hospitalization. Given the relationship between 

spending and complication rates, BPCI-Advanced may potentially incentivize a reduction 

in complications and readmissions.

Supplementary Material
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Figure 1: Categories of Medicare Spending on Bariatric Surgery
NOTES: Boldface categories were analyzed as mutually exclusive categories of episode 

spending after price-standardization and inflation-adjustment. Spending within each 

category was risk-adjusted using the approach described in the Methods: Analysis 

subsection.
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Figure 2: Categories of Hospital-Level Medicare Spending Variation in Bariatric Surgery
NOTES: Quintiles were assigned at the hospital level and based on average spending 

adjusting for patient severity, demographics, year of surgery, procedure, and hospital 

characteristics. Differences between Quintile 1 and Quintile 5 spending within all categories 

were statistically significant with P<0.01 (see Table 3). DRG = Diagnosis-related group; ED 

= emergency department; PAC = post-acute care
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Table 2:

Hospital Characteristics, by Quintile of Hospital Average Episode Spending

Hospital Quintile

Overall 1 2 3 4 5 p

N=761 N=202 N=131 N=111 N=130 N=187

Hospital % Sleeve, mean (SD) 53.5 (29.4) 53.2 (31.1) 50.8 (28.5) 54.2 (28.4) 51.3 (28.1) 57.0 (29.3) 0.34

Beds, mean (SD) 370 (256.8) 328 (223.8) 396 (242.6) 398 (243.4) 409 (289.8) 353 (277.0) 0.018

Teaching Hospital 165 (21.7%) 22 (10.9%) 36 (27.5%) 34 (30.6%) 37 (28.5%) 36 (19.3%) <0.001

For Profit 139 (18.3%) 37 (18.3%) 17 (13.0%) 16 (14.4%) 24 (18.5%) 45 (24.1%) 0.10

Bariatric Center of Excellence 593 (77.9%) 144 (71.3%) 101 (77.1%) 98 (88.3%) 108 (83.1%) 142 (75.9%) 0.006

Urban 729 (95.8%) 188 (93.1%) 122 (93.1%) 110 (99.1%) 129 (99.2%) 180 (96.3%) 0.012

Proportion of Medicaid Days, mean 
(SD) 0.2 (0.10) 0.2 (0.11) 0.2 (0.10) 0.2 (0.09) 0.2 (0.10) 0.2 (0.10) 0.62

RN/Bed Ratio, mean (SD) 1.8 (0.61) 1.7 (0.58) 1.9 (0.58) 2.0 (0.66) 1.8 (0.62) 1.8 (0.62) 0.015

Region 0.92

Mid-west 167 (21.9%) 45 (22.3%) 31 (23.7%) 28 (25.2%) 30 (23.1%) 33 (17.6%)

North-East 181 (23.8%) 46 (22.8%) 33 (25.2%) 22 (19.8%) 35 (26.9%) 45 (24.1%)

South 298 (39.2%) 83 (41.1%) 46 (35.1%) 43 (38.7%) 47 (36.2%) 79 (42.2%)

West 115 (15.1%) 28 (13.9%) 21 (16.0%) 18 (16.2%) 18 (13.8%) 30 (16.0%)

NOTES: All continuous variables (% sleeve, bed size, Medicaid proportion, RN/Bed ratio) are presented as mean (SD). All other variables are 
binary and presented as n, %. Quintiles are based on hospital average episode spending, adjusted for case mix, inflation, and year.
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Table 3:

Components of Hospital-Level Spending Variation Across Bariatric Surgery Episodes

Hospital Quintile

Spending Category 1 5 % of Total % of 
Q5-Q1 Variation Q5-Q1 Difference p for Q5-Q1 difference

Total $12,220 $16,887 $4,667 <.001

Inpatient DRG $8,452 $8,772 59% 7% $320 <.001

Outlier $8 $422 1% 9% $414 0.01

Index Professional $1,807 $2,257 14% 10% $450 <.001

Emergency Department $217 $329 2% 2% $112 <.001

Post-Acute Care $140 $1,011 4% 19% $871 <.001

Readmissions $532 $2,575 11% 44% $2,043 <.001

Post-Discharge Professional $676 $909 5% 5% $233 <.001

Post-Discharge Facility $386 $612 3% 5% $226 0.00

NOTES: Quintiles are based on hospital average episode spending, adjusted for case mix, inflation, year, procedure choice, and hospital 
characteristics. % of total is calculated as an average across the lowest- and highest-spending quintiles. % of variation is calculated as the 
percent of the difference in total episode spending between Q5 and Q1 attributable to each category.
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Table 4:

Utilization and Clinical Outcomes Across Quintiles of Hospital Average Episode Spending

Hospital Quintile

1 2 3 4 5 p for Q1-Q5 difference

Total Episode Spending $12,220 $13,350 $13,914 $14,505 $16,887 <.001

Readmissions Rate 7% 10% 12% 14% 17% <.001

ED Revisit Rate 20% 20% 21% 23% 24% <.001

PAC Utilization Rate 5% 11% 10% 12% 17% <.001

Complication Rate 6% 10% 11% 12% 14% <.001

NOTES: Quintiles are based on hospital average episode spending, adjusted for case mix, inflation, year, procedure choice, and hospital 
characteristics. All outcomes (readmissions, ED revisits, PAC utilization, and complications) are measured within 90 days of surgery and averaged 
at the hospital level. Complications reflect those documented in the inpatient setting within 90 days of surgery. ED = emergency department; PAC = 
post-acute care
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