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Comprehensive Care for Joint Replacement (CJR) Model Description 

The CJR program uses powerful incentives, providing opportunities for substantial increased revenues while also 
placing providers at significant downside risk.  The program closely emulates the Bundled Payments for Care 
Improvement (BPCI) program, which was itself modeled on the Acute Care Episodes (ACE) demonstration project.5  
In BPCI, participants selected which medical or surgical conditions to bundle, as well as whether the bundles would 
include hospital care only (Model 1), both hospital care and PAC (Model 2), or PAC only (Model 3).  In CJR, based 
on BPCI Model 2, episode spending is computed based on payment under the usual FFS rules and procedures, 
beginning with the admission to a participating hospital under a covered diagnosis related group (DRG) and ending 
90 days after discharge.  Quality is measured using hospital complications including surgical site infections and 
bleeding, vascular events such as acute myocardial infarction and pulmonary embolism, pneumonia, or 
complications of the prosthetic implant, as well as a patient experience measure.13  Complications that result in 
emergency room visits or readmissions affect both quality and episode spending.  Financial savings or losses are 
computed per episode, comparing actual CMS spending to a pre-determined target price set on an annual basis.  
Savings result in an additional ‘bonus’ payment to the hospital while losses require the hospital to repay Medicare 
for a portion of the episode spending.  Actual distributions of savings and losses are gated by quality, meaning that 
higher quality scores will result in higher bonuses or lower repayments for a given level of episode spending. 

One important feature of CJR, also true of BPCI’s model 2, is that health systems have the opportunity to save both 
by cutting internal hospital costs and by reducing episode spending. In contrast, ACE participants could earn 
bonuses only by reducing costs for the hospital stay.3,5  In CJR, the two components are computed separately to 
prevent double counting.  Hospitals receive a fixed fee for the hospital stay, inclusive of hospital and physician fees, 
which they are required to give at a discount in the range of two to three percent.  When computing episode savings, 
however, CMS counts the entire hospital stay payment against the episode spending, regardless of true internal 
costs.  This structure means hospitals can only achieve episode savings for Medicare by reducing ‘out of hospital’ 
costs, though they may make profits by cutting internal hospital stay costs as well.  It also means that analyzing 
Medicare claims data only sheds light on a portion of the savings opportunity for participants. 
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Table S3: Total and Within-category Hospital and Post-Acute Care Savings during ACE and BPCI under MS-DRGs 469 and 470† 

*Abbreviations: MS-DRG, Medicare Severity Diagnosis-Related Group; ACE, Acute Care Episodes bundled payment program by Medicare; BPCI, Bundled Payments for Care
Improvement program by Medicare; IRF, Inpatient Rehabilitation Facility; SNF, Skilled Nursing Facility; LTC, Long-term Care facility. 
† MS-DRG 469 - Major joint replacement or reattachment of lower extremity with major complications or comorbidities; MS-DRG 470 -Major joint replacement or reattachment 
of lower extremity without major complications or comorbidities. 

‡ The seven hospital cost components were: (1) implant costs - costs of orthopedic implants and related materials, (2) OR costs - operating room staffing and equipment), (3) room 
and board costs - room and board from in-patient days, (4) supply costs - hospital supplies and equipment excluding implants, (5) Rx costs - medications and pharmacy staffing, 
(6) blood costs - costs associated with blood products and transfusion , and (7) ICU costs - costs from admission to the intensive care unit. 

§ The nine post-acute care spending categories were: 1) professional spending  -physician fees ; 2) DME spending - durable medical equipment, 3) OP Spending - outpatient visits,
4) ER spending - emergency room visits, 5) readmission spending; 6) SNF spending - skilled nursing facilities, 7) IRF spending - inpatient rehabilitation facilities, 8) HH spending
-home health agencies, and 9) LTAC spending - long term acute care providers. Baseline post-acute care spending in the ACE Program is based on ACE Year 1. 

ACE Program BPCI Program

 Baseline Cost ($)   ACE Year 3 Cost ($)  Baseline Cost ($) BPCI Year 2 Cost ($)
Component (7/2008 ‐ 12/2008) (7/2011 ‐ 6/2012) (7/2011 ‐ 6/2012) (7/2014 ‐ 6/2015)
Internal hospital costs‡

implant 6636.42 5021.22 46.3 80.5 24.3 5021.22 4715.74 33.2 9.8 6.1
room and board 1240.98 963.16 8.7 13.8 22.4 963.16 829.43 6.4 4.3 13.9
supply 1226.94 694.05 8.6 26.6 43.4 694.05 498.46 4.6 6.3 28.2
OR 1190.38 1707.30 8.3 ‐25.8 ‐43.4 1707.30 1691.23 11.3 0.5 0.9
Rx 604.67 561.47 4.2 2.2 7.1 561.47 636.99 3.7 ‐2.4 ‐13.5
ICU 134.33 104.70 0.9 1.5 22.1 104.70 59.41 0.7 1.5 43.3
blood 80.55 56.16 0.6 1.2 30.3 56.16 1.69 0.4 1.7 97.0
other 3208.93 6028.90 22.4 6028.90 6242.25 39.8
Total 14323.20 15136.96 15136.96 14675.19

Post‐acute care spending§

IRF 2339.68 2600.87 ‐13.0 ‐11.2 2600.87 1184.99 28.3 45.4 54.4
SNF 2798.63 2476.14 16.1 11.5 2476.14 1874.89 26.9 19.3 24.3
HH 2139.44 2045.66 4.7 4.4 2045.66 2233.63 22.2 ‐6.0 ‐9.2
Professional 883.32 802.08 4.0 9.2 802.08 653.75 8.7 4.8 18.5
Readmission 506.19 712.04 ‐10.3 ‐40.7 712.04 388.00 7.7 10.4 45.5
DME 295.19 299.55 ‐0.2 ‐1.5 299.55 277.60 3.3 0.7 7.3
LTAC 202.45 135.37 3.3 33.1 135.37 6.90 1.5 4.1 94.9
OP 132.23 131.78 0.0 0.3 111.40 106.45 1.2 0.2 4.4
ER 21.48 20.37 0.1 5.2 20.37 34.15 0.2 ‐0.4 ‐67.6

Percent of Total 
Savings in ACE  (%)

Percent of Savings 
within 
Component  (%)

Percent of Total 
Savings in BPCI 
(%)

Percent of Savings 
within 
Component (%)

Percent of Total 
Baseline Cost (%)

Percent of Total  
Baseline Cost (%)

Percent of Total  
Baseline PAC 
Spending (%)
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Description of Component Savings  

Table 2 and Supplementary Table provide detailed data on savings across internal hospital cost and PAC spending.  
In addition to the detail given in the main text, we also note the following details: 

Internal hospital cost savings: Supply costs and room and board costs savings were the next two biggest savings 
areas after implant costs.  Supply costs per episode declined 60% from $1226.94 in 2008 to $498.46 in 2015 (P < 
0.001), accounting for 26.6% of total savings in ACE Year 3 and an additional 6.3% in BPCI Year 2. Room and 
board costs declined 34% from $1240.98 to $829.43 (P < 0.001), accounting for 13.8% of total savings in ACE 
Year 3 and 4.3% in BPCI Year 2.   

PAC savings: There were minor savings in Outpatient spending, a 35% drop from $132.23 to $106.45 per episode 
(P = 0.09), and 0.2% of total savings.    
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Description of Component Savings 

In this supplemental appendix section, we describe technical details of our statistical analysis that were not able to 
be included in the main text. 

Outliers - While CMS adjusted outlier episodes by censoring the spending for 393 episodes (10% of sample), we 
did not remove or adjust extreme values. 

Risk Adjustment - Because CMS did not risk-adjust episode payments during ACE and BPCI, we did not perform 
risk-adjustment in our analyses.2,3   

Transition period between ACE and BPCI -  From the 3rd quarter of 2012 to the 3rd quarter of 2013 BHS was 
transitioning between the ACE and BPCI programs and was not paid under bundle payment arrangements.  Do deal 
with this discontinuity, we fit piece-wise models that allowed for different intercepts and slopes for each time period 
(ACE, the transition period, and BPCI).  We then tested for significance of each slope (from 0) and for equality of 
slopes between ACE and BPCI.  
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Figure S4: Proportion of Post-Acute Spending by Category 

This figure shows post-acute care spending divided into its nine components in ACE Year 3 (2009-2010), BPCI 
Year 1 (2013-2014), and BPCI Year 2 (2014-2015).  This graph shows that IRF and SNF spending decreased 
substantially with a smaller decrease in readmission spending.  In contrast, home health (HH) spending increased. 

Abbreviations: ACE, acute care episodes Medicare demonstration project; BPCI, bundled payments for care 
improvement Medicare demonstration project; ER, emergency room; OP, outpatient visits; IRF, inpatient 
rehabilitation facility; DME, durable medical equipment; HH, home health agency; LTAC, long-term acute care 
facility; SNF, skilled nursing facility. 
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Figure S5: Proportion of Episodes by Discharge Destination 

This figure shows the total number of discharges divided into six discharge destinations in ACE Year 3 (2009-
2010), BPCI Year 1 (2013-2014), and BPCI Year 2 (2014-2015).  This graph shows that the share of IRF and SNF 
discharges decreased substantially.  In contrast, home health (HH) discharges increased in share.   

Abbreviations: ACE, acute care episodes Medicare demonstration project; BPCI, bundled payments for care 
improvement Medicare demonstration project; ER, emergency room; OP, outpatient visits; IRF, inpatient 
rehabilitation facility; DME, durable medical equipment; HH, home health agency; LTAC, long-term acute care 
facility; SNF, skilled nursing facility. 
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Figure S6: Average Number of Home Health, IRF, and SNF Days per Episode 

This figure shows the average number of days per episode for home health, IRF, and SNF in the post-acute care 
period in ACE Year 3 (2009-2010), BPCI Year 1 (2013-2014), and BPCI Year 2 (2014-2015).  This graph shows 
that home health (HH) days increased while IRF and SNF decreased.  The gap represents a transition period during 
which BHS was preparing for BPCI. 

Abbreviations: ACE, acute care episodes Medicare demonstration project; BPCI, bundled payments for care 
improvement Medicare demonstration project; ER, emergency room; OP, outpatient visits; IRF, inpatient 
rehabilitation facility; DME, durable medical equipment; HH, home health agency; LTAC, long-term acute care 
facility; SNF, skilled nursing facility. 
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Figure S7: Number of Days Conditional on Discharge to Home Health, IRF, or SNF 

This figure shows the average number of days per episode, conditional on discharge to home health, IRF, and SNF 
in the post-acute care period in ACE Year 3 (2009-2010), BPCI Year 1 (2013-2014), and BPCI Year 2 (2014-2015).  
This graph shows when a patient was discharged to home health (HH), IRF, or SNF the number of days used did not 
seem to change.  The gap represents a transition period during which BHS was preparing for BPCI. 

Abbreviations: ACE, acute care episodes Medicare demonstration project; BPCI, bundled payments for care 
improvement Medicare demonstration project; ER, emergency room; OP, outpatient visits; IRF, inpatient 
rehabilitation facility; DME, durable medical equipment; HH, home health agency; LTAC, long-term acute care 
facility; SNF, skilled nursing facility. 
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