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Abstract (493 words, written by editor)

Importance: Bundled payments are an increasingly common alternative payment model for

Medicare, yet there is limited evidence regarding their effectiveness.

Objective: To report interim outcomes from the first-year of implementation of a bundled

payment model for lower extremity joint replacement (LEJR).

Design, Setting and Participants: As part of a five-year, mandatory participation randomized
trial designed by the Centers for Medicare and Medicaid Services (CMS), eligible metropolitan
statistical areas (MSAs) were randomized to the Comprehensive Care for Joint Replacement
(CJR) bundled payment model for LEJR episodes, or to a control group. In the first performance
year, hospitals received bonus payments if spending for LEJR episodes for Medicare
beneficiaries was below the target price and hospitals met quality standards. This interim
analysis reports data from the first performance year, analyzing LEJR episodes that began

between April 1, 2016 and September 15, 2016, and ended no later than December 31, 2016.

Exposure: Randomization of MSAs into the CJR bundled payment model group (75 assigned,
67 included) or to the control group without the CJR model (121 assigned, 121 included).
Instrumental variable analysis was used to evaluate the relationship between inclusion of MSAs

in the CJR model and outcomes.

Main Outcomes and Measures: Primary outcome was share of LEJR admissions discharged to
institutional post-acute care, defined as skilled nursing facilities, long-term care facilities, and
inpatient rehabilitation facilities. Secondary outcomes included the number of days in
institutional post-acute care, discharges to other locations, Medicare spending during the episode
(overall and for institutional post-acute care), net Medicare spending during the episode, LEJR

patient volume and patient case mix, and quality of care measures.

Results: Among the 196 MSAs and 1,633 hospitals, a total of 131,285 eligible LEJR procedures
were performed during the study period (mean volume, 110 LEJR episodes per hospital) among
130,343 patients (mean [SD] age 72.5 [0.91] years, 65% women, 90% white). The mean

proportion of LEJR admissions discharged to institutional post-acute care was 33.7% (standard



deviation 11.2) in the control group, and was 2.9 percentage points lower (95% CI, -4.95 to -
0.90) in the CJR group, a significant difference. Mean Medicare spending for institutional post-
acute care per LEJR episode was $3,871 (SD, $1,394) in the control group, and $307 lower in
the CJR group (95% CI -587 to -27; p=0.04). Mean overall Medicare spending per LEJR episode
was $22,872 (standard deviation: $3,619) in the control group, and was $453 lower (95% CI -
909 to 3) in the CJR group, a statistically non-significant difference. None of the other

secondary outcomes differed significantly between groups.

Conclusions and Relevance: In this interim analysis of the first year of the CJR bundled
payment model for LEJR episodes among Medicare beneficiaries, MSAs that were covered by
the CJR model, compared with those that were not, had a significantly lower proportion of
patient discharges to institutional post-acute care, but no significant difference in total Medicare
spending per LEJR episode. Further evaluation is needed as the program is more fully

implemented over time.

Trial Registration. clinicaltrials.gov (NCT03407885;
https://clinicaltrials.gov/ct2/show/NCT03407885?term=NCT03407885&rank=1); American Economic
Association registry (AEARCTR-0002521; https://www.socialscienceregistry.org/trials/2521).




Key Points (124 words)

Question: What was the change in discharge to institutional post-acute care after lower
extremity joint replacement episodes among Medicare beneficiaries following implementation of

the Comprehensive Care for Joint Replacement (CJR) bundled payments in 2016?

Findings: In this interim analysis of the first year of a five-year randomized trial of 75
metropolitan statistical areas (MSAs) that were assigned the bundled payment model and 121
control MSAs that were not, the mean proportion of patient discharges to institutional post-acute
care was 33.7% in the control group and was 2.9 percentage points lower in MSAs covered by

the CJR model, a significant difference.

Meaning: These interim findings suggest that CJR may reduce institutional post-acute care
following lower extremity joint replacement episodes among Medicare beneficiaries, although

further evaluation is needed as the program is fully implemented over time.



Introduction (Word Count: 3,371)

The shift toward alternative payment models in Medicare is an important trend in U.S.
healthcare. By 2016, 30% of Traditional Medicare reimbursement had been shifted from fee-for-
service (FFS) to alternative payment models'. Bundled payments are one of the leading
alternative payment models. Under bundled payments, health care organizations (such as
hospitals, physician groups, and post-acute care providers) receive a single “bundled” payment
for all services related to a specific treatment (e.g., hip replacement). By holding multiple parties
jointly accountable for quality and costs, bundled payments may encourage coordination of care
and reduce unnecessary utilization. However, because these parties are paid a fixed amount
irrespective of the volume of services, they may also respond by reducing necessary care, or by
trying to treat only healthier patients with lower expected costs?.

Bundled payments have been widely touted for their potential to have a substantial,
positive effect on healthcare delivery®~’, yet there is limited rigorous evidence on their effects.
Most studies of bundled payments have been observational, focusing on the experience of a
small number of hospitals that voluntarily participated. These studies have tended to find large
savings®!2, but voluntary participation makes separating treatment from selection effects
difficult'®, and the small number of participating hospitals raises concerns about generalizability.

To address these gaps in scientific knowledge, this study took advantage of CMS’s
random assignment of some metropolitan statistical areas (MSAs) to a Medicare bundled
payment model for lower extremity joint replacement (LEJR) — i.e. hip and knee replacement. In
2014, there were 486,249 LEJR procedures, accounting for $6.2 billion of Medicare inpatient
spending (4.52% of all inpatient Medicare spending)'*!>. CMS designed, and randomly assigned

the five-year, nationwide bundled payment program for LEJR, known as Comprehensive Care



for Joint Replacement (CJR), which began on April 1, 2016. Unlike previous bundled payment
programs, participation was mandatory for all covered hospitals. The purpose of this study was
to analyze results from an interim analysis of the first performance year of this five-year
program.

Methods

The primary objective of this study was to evaluate interim outcomes during the first-year
of implementation of a bundled payment model for LEJR, focusing on discharge to institutional
post-acute care health care following joint replacement hospitalization episodes.

IRB exemption was obtained from MIT’s Committee on the Use of Humans as
Experimental Subjects (COUHES #1710117275) and IRB approval for Medicare data analysis
from Dartmouth’s IRB (15475). CMS did not require informed consent for patients in CJR; both
IRBs waived informed consent for the analysis of the Medicare claims data.

Study Design

In July 2015, CMS publicly announced in the Federal Register its exclusion criteria and
randomization procedure for selecting the 196 eligible MSAs!'®; MSA were excluded primarily
due to low LEJR discharge volume. Within eligible MSAs randomized to CJR, hospitals were
required to participate in CJR if they were paid under prospective payment and not already
participating in Model 1 or Phase 2 (Models 2 or 4) of the Bundled Payments for Care
Improvement Initiative (BPCI), a pre-existing Medicare voluntary bundled payments model for
LEJR.

Within eligible hospitals, the patient inclusion criteria included Medicare Part A and Part
B coverage, no readmission during the episode for LEJR, and no death during the episode.

Applying the hospital and patient exclusion criteria to all Medicare FFS LEJR episodes in



eligible MSAs in 2016, we estimated that 75% of episodes would be covered by CJR if the MSA
was selected for treatment; the Supplement (Section 1 and Table 1) provides more detail on the
eligibility criteria and this estimate.

The 196 eligible MSAs were divided into eight strata, based on quartile of historical
LEJR payments and above vs. below median MSA population. CMS set different treatment
probabilities (i.e. probability of selection for CJR) for MSAs by strata (ranging from 30% to
45%); MSAs with higher historical LEJR spending had higher treatment probabilities. CMS
performed the randomization in SAS, using the “PROC SURVEYSELECT” statement with
“METHOD=SRS.”

In July 2015, CMS publicly announced that, based on this randomization, 75 MSAs were
initially assigned to treatment, and 121 to control (Figure 1). Following prior independent

17.18 "we verified via simulation that

analyses of publicly-implemented randomization protocols
we could reproduce the randomization procedure to within statistical sampling error (see
Supplement Section 1 and Table 2).

In November 2015, CMS publicly updated the MSA exclusion criteria in response to
comments that their original criteria did not take into account hospitals and physician group
practices that entered into Phase 2 BPCI by October 1, 2015; as a result, 8 MSAs were excluded
from the treatment group, without a corresponding set of MSAs excluded from the control
group'?.

Intervention
CJR is a Medicare bundled payment model for LEJR that holds acute care hospitals

financially responsible for Medicare spending over the entire episode of care. An episode begins

with a hospital stay with a discharge in one of two included DRGs (MS-DRG 469 and 470), and



ends 90 days after discharge. CJR was introduced in April 2016 and designed to last for five
years.

Under CJR, hospitals face financial incentives to reduce Medicare FFS spending and to
maintain or raise quality. At the end of each year, hospitals that (1) have per episode Medicare
FFS spending below the target price (set by CMS based on historical hospital and regional
episode spending and the reason for admission) and (2) have met a minimum quality standard (5
out of 20 on a composite quality score), receive “shared savings” from CMS for the difference
between the target price and spending, up to a stop-gain amount (i.e. maximum bonus payment
to the hospital) , with higher scores making them eligible for greater savings.

Hospitals that have FFS spending of more than the target price are responsible for paying
the difference, up to a stop-loss amount. The upside and downside risks increase over time. In
the first year, the stop gain was +5% and there was no downside risk; by the fifth year, the stop-
gain and stop-loss (i.e. maximum financial penalty to the hospital) were each scheduled to be
20% of the target price.!®?°

The use of random assignment by a government agency such as CMS is rare but not
unprecedented, and can be valuable for scientific research. For example, the state of Oregon used
a random lottery to expand Medicaid coverage, enabling academic research on the Oregon
Health Insurance Experiment!7:18:21-23,

Data and Outcome Measures
We studied the first performance year of CJR, which includes episodes that begin on or

after April 1, 2016, and end no later than December 31, 2016. Specifically, we analyzed

episodes starting between April 1 2016 and September 15, 2016; the end date was chosen so that



all episodes would fall within the performance year (given a mean length of stay for an LEJR
admission of 3.1 days for DRG 470 and 7.0 days for DRG 469)%*.

We used Medicare FFS claims data for 100% of enrollees from 2012-2014, and 2016 in
the 196 eligible MSAs. We limited the sample to episodes that would have been covered by CJR
if the MSA were included in the treatment group. We omitted data from 2015 since treatment
MSAs were announced mid-way through 2015 and behavior was potentially affected during that
year. We also used Hospital Compare data® to construct an estimate of the targeted quality
measure, and data on hospital-specific end-of-year reconciliation payments®’. Section 2 of the
Supplement provides more detail on data and outcomes.

The primary outcome was the share of LEJR admissions discharged to institutional post-
acute care (PAC) — these are skilled nursing facilities, long-term care facilities, and inpatient

rehabilitation facilities. Existing observational studies!!-1?

suggested that this would be the
primary margin of adjustment, and this was a margin where power calculations suggested we
could detect reasonably sized effects (see Supplement Section 3).

Secondary outcomes included the number of days in institutional PAC during the
episode, discharges to other locations, Medicare FFS spending during the episode (both overall
and for institutional PAC) and net Medicare spending during the episode, which adds to
Medicare FFS spending any reconciliation payments made to a treatment hospital under CJR.

Other secondary outcomes included LEJR patient volume and patient severity and several
quality measures. Patient severity was measured by the Elixhauser Comorbidity Index, which is
the sum of 31 different comorbidity indicators.?®?” The targeted quality measure was a modified

composite quality score (CQS), derveid from meaures of total hip/knee anthropolasty

compliation rates and patient experience ratings (see Supplement Section 2 for more detail). The



score ranges from 0 to 18 (with higher numbers indicating better quality). Because the score in
the first year was based almost entirely on data from prior to the introduction of CJR,?° we did
not expect it to be affected?®. We therefore also examined non-targeted quality measures: 90-day
ER visit rate — a quality measure used in prior analyses of voluntary bundled payments for LEJR
11.29. 90-day all-cause readmission rate — a standard quality measure, previously used for LEJR
1130 and the 90-day complication rate for total hip and total knee arthroplasty — a part of the
targeted quality measure which we could observe for admissions during the study period.
Statistical Analyses

The analyses were conducted at the MSA level. Not all randomly assigned MSAs were
included in CJR (see Figure 1). As pre-specified (see Supplement Section 3), we therefore used a
standard instrumental variable (IV) approach?! to evaluate the relationship between inclusion in
CJR and the outcomes; in the first stage regression, assignment to CJR was used as an instrument
for inclusion in CJR, and in the second stage regression, inclusion in CJR was related to
outcomes. As pre-specified, all regressions included strata fixed effects because treatment
probabilities varied by strata, and controlled for two years of lags of the dependent variable
(specifically, 2013 and 2014) to improve statistical power. Based on historical data, we estimated
we had power to detect a 2 percentage point reduction in the primary outcome (2-sided
size=0.05, power = 0.8). All analyses in Tables 2-4 were pre-specified (prior to obtaining post-
intervention data), other than analysis of the Elixhauser Comorbidity Index which was requested
during the review process and the specific breakdown of discharges to non-institutional PAC,
which was done for ease of exposition. Because of the strata sampling design, comparison of raw
means of the treatment and control MSAs was not appropriate; instead values for the control

MSAs and the estimated differences (using the IV approach) between bundled payment and



control MSAs are reported in Tables 2-4. Raw comparisons of means between original bundled
payment and control MSAs - separately by strata - are presented in the supplement (see Section
2). Because we did not adjust for multiple testing of secondary outcomes, secondary outcome
analyses should be considered exploratory.
A number of sensitivity and additional analyses were performed. Results were analyzed without
controlling for the lags of the dependent variable, and intent to treat analyses were conducted to
compare outcomes for the 75 MSAs assigned to treatment to the 121 control MSAs. Additional
detailed analyses of the number and type of patients were also reported. Section 2 of the
Supplement provides more detail.

All statistical analyses were conducted using STATA version 15.1, with two-tailed tests

with a significance threshold of 0.05.

Results
Study Population

Of the 196 eligible MSAs, 75 were initially assigned to treatment, and 121 to control; 8 of the
75 were subsequently excluded from CJR, so that 67 MSAs were covered by CJR. See Supplement
Figure 1 for the geographic distribution. Assignment to CJR thus increased the chance of being
included in CJR by 89.1 percentage points (95% CI 81.8 to 96.4, p <0.001).

In 2016, 167 hospitals were excluded from treatment or control MSAs due to pre-existing
BPCI participation, leaving 1,647 eligible hospitals; 1,633 of these hospitals had an eligible episode.
Table 1 describes the CJR-eligible study population at the MSA level. On average among
eligible MSAs, patient study population was 90% white, 65% female, with a mean age of 72.5
(standard deviation 0.91 years) and a mean Elixhauser Comorbidity Index of 2.4 (standard

deviation 0.29). Eligible hospitals had a mean of 289.1 beds and performed a mean of 20.4 CJR-



eligible LEJR procedures per month over the study period (April to September 2016); 25.3%
were for-profit and 9.3% were teaching hospitals. Among eligible MSAs, the mean number of
acute care hospitals was 14.8 and the mean number of institutional PAC providers was 50.9.
Balance

Prior to randomization, characteristics were balanced across control and treatment MSAs.
Table 2 shows balance at baseline (2014) for the outcome variables; an F-test failed to reject
equality of all of the outcomes (p=0.54). Supplement Table 3 shows balance on MSA
demographics and Supplement Tables 4 and 5 show raw means for each stratum.

Healthcare Use and Spending

Table 3 shows results of the instrumental variable (IV) analysis of the relationship
between inclusion of MSAs in the CJR model and healthcare use and Medicare spending. For the
primary outcome, the mean proportion of LEJR admissions discharged to institutional PAC was
33.7% (standard deviation 11.2%) in the control group, and was 2.9 percentage points lower
(95% CI, -4.95 to -0.90, p=0.005) in the CJR group, a significant difference.

The remainder of Table 3 shows secondary outcomes. The mean proportion of LEJR
admission discharged to home without home health care was 32.2% (standard deviation 23.3%)
in the control group, and was 2.6 percentage points higher (95% CI, -0.79 to 5.90, p=0.14) in the
CJR group, a statistically non-significant difference. There was no statistically significant
relationship between inclusion in CJR and discharges to other destinations.

Medicare spending on institional PAC was $3,871 (standard deviation $1,394) in the
control group, and was $307 lower (95% CI -587 to -27, p=0.04) in the CRJ group, a statistically
significant difference. There was no statistically significant relationship between inclusion in

CJR and total Medicare FFS spending per episode, either gross or net of CJR reconciliation



payments. Mean total Medicare spending per LEJR episode was $22,872 (standard deviation
$3,619) in the control group. Excluding reconciliation payments, total Medicare spending per
LEJR episode was $453 lower (95% CI -909 to 3, p=0.06) in the CJR group, and inclusive of
reconciliation payments total Medicare spending per LEJR episode was $234 higher (95% CI -
214 to 683) in the CJR group, a non-significant difference.
Healthcare Quality and Volume

Table 4 shows no statistically significant or substantively meaningful relationship
between inclusion in CJR and any of the targeted quality or non-targeted quality measures. For
example, the 90-day ER visit rate was 20.1% (standard deviation: 2.9%) for the control group,
and was 0.25 percentage points higher (95% CI -0.44 to 0.93, p=0.48) in the CJR group, a
statistically non-significant difference.

Table 4 also shows no statistically significant relationship between inclusion in CJR and
patient volume or case mix. For example, the mean number of CJR-eligible admissions per 1,000
enrollees was 7.2 (standard deviation 3.5) in the control group, and was 0.05 higher (95% CI
0.032 to 0.42, p=0.80) in the CJR group; the mean Elixhauser Comorbidity Index was 2.3
(standard deviation 0.27) in the control group, and was 0.01 lower (95% CI -0.07 to 0.05;
p=0.73) in the CJR group. Supplement Tables 6 and 7 further show no statistically significant
relationship between inclusion in CJR and patient admissions under the various exclusion criteria
(such as readmitted for LEJR or death) and other measures of case mix (such as age or the
number of Charlson comorbidities®’3?).
Supplement Table 8 shows that not controlling for lags of the dependent variable reduced

precision but did not substantively change the results. Supplement Tables 9 to 10 show intent-to-



treat analysis of the relationship between original assignment to CRJ and the outcomes, and
Supplement Table 11 and 12 show raw means for the outcome data by strata.
Discussion

In an instrumental variable (IV) analysis of the first year of the CJR bundled payment
model, MSAs that were covered by the CJR model, compared with those that were not, had a
significantly lower proportion of patient discharges to institutional PAC and significantly lower
spending on institional PAC, but no significant change in overall Medicare expenditures,
particularly after accounting for the reconciliation (i.e. bonus) payments. These results are
consistent with previous work suggesting that reductions in post-acute care are the first-line
response of health systems to the introduction of alternative payment mechanisms??. There was
no significant relationship between inclusion in CJR and targeted quality or non-targeted
measures of the quality of care, nor did hospitals appear to change their rates of admissions for
covered patients, or strategically admit patients with lower illness severity, as some observers
had feared.

The relationship between CJR and healthcare use and spending was smaller than those
from prior observational studies of Medicare bundled payment programs. A difference-in-
differences analysis of the associations of BPCI for LEJR found a 4% decline in Medicare
spending'?; a pre-post analysis of BPCI for LEJR in one health system found a 21% decline, and

received considerable attention in the media!!-34

. In addition, a matched-control study of
Medicare’s Heart Bypass Center Demonstration Project estimated net savings of 14% per

episode® and was cited as reason to expect substantial savings from subsequent bundled payment

programs?.



There are several possible reasons the findings from the current study of a randomized,
mandatory bundled payments program contrast with prior studies of voluntary bundled payment
models for LEJR. One reason is selection on expected costs: Estimates from voluntary programs
may be upward biased if hospitals with lower expected spending are more likely to sign up; fully
controlling for this can be challenging.!® A second reason is selection on treatment effects®>: The
effect of bundled payment on the sub-sample of hospitals that select into the voluntary program
may not be representative of the average effect across all hospitals.

A third reason is the size of the incentives: In the first year of CJR, financial incentives
were about one-fourth the size of those in the voluntary BPCI model and had no downside risk;
by years 4 and 5, CJR incentives will be the same as those in BPCI. An examination of the
effects of CJR in subsequent years will be important, as the phase-in of downside risk and larger
incentives may reduce Medicare spending (holding hospital behavior fixed) and may cause larger
changes in hospital behavior. However, a comprehensive analysis of the CJR program as initially
designed will not be possible. In December 2017, CMS modified CJR to be voluntary for 33 of
the 67 included MSAs, starting in performance year 3. This means that starting in performance
year 3, the treatment versus control analysis performed here can only be implemented for the
remaining 34 MSAs where enrollment is mandatory.®
Limitations

This study has several limitations. First, this study only evaluated outcomes during the
first year following implementation of the bundled payment program, when the maximum stop-
gain and stop-loss incentives have not yet been implemented. Second, the analysis was powered
to detect differences in discharges to institutional PAC, but not the corresponding difference in

total episode Medicare spending. Third, the analysis did not explore heterogeneity in effects of



bundled payments across patients or hospitals, which might shed light on potential mechanisms;
in this spirit, early work has compared characteristics of hospitals that did and did not achieve
shared savings in the first year.’” Fourth, potentially important health outcomes such as pain or
functional limitations were not analyzed. Fifth, analysis of the relationship between bundled
payments and the targeted quality measure is not yet meaningful, given that in the first year it
was almost entirely measured prior to the start of CJR. Sixth, the analysis only pertained to
healthcare use in the bundle during the covered episode; as more data become available, it will
be of interest to see what happens to healthcare use and spending over longer horizons, and
healthcare use outside of the bundle (such as prescription pain medication covered by Medicare
Part D).

Conclusions

In this interim analysis of the first year of the CJR bundled payment model for LEJR episodes
among Medicare beneficiaries, MSAs that were covered by the CJR model, compared with those
that were not, had a significantly lower proportion of patient discharges to institutional post-
acute care, but no significant difference in total Medicare spending per LEJR episode. Further

evaluation is needed as the program is more fully implemented over time.
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Figure 1: MSA Eligibility and Randomization as Conducted by CMS
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Final Treatment MSAs
(N=67)

Y Original Eligibility Criteria were (1) had at least 400 LEJR episodes in the baseline period
between July 1, 2013 and June 30, 2014, (2) had at least 400 non-BPCI LEJR in the baseline
period, (3) at least 50% of LEJR episodes in the baseline period were non-BPCI, and (4) at least
50% of otherwise eligible LEJR episodes were not in Maryland hospitals. For eligibility criterion
(2), BPCI participation was defined as hospitals participating in BPCI Model 1, and Phase 2 of



BPCI Models 2 or 4 as of July 1, 2015. For eligibility criterion (3), BPCI participation was
defined in two steps: first, fewer than 50 percent of potentially eligible LEJR episodes were in
hospitals participating in Phase 2 of BPCI Models 2 or 4 as of July 1, 2015; second, fewer than
50 percent of LEJR referrals to SNF or HHA services were made up by SNF and HHA
participating in BPCI Model 3 as of July 1, 2015.

%% Stratification and Randomization: The 196 eligible MSAs were divided into eight strata, based
on the full interaction of (1) average wage-adjusted historical LEJR episode payment, grouped
into quartiles and (2) MSA population size, grouped into above and below median.
Randomization occurred within strata. Treatment probabilities varied within the payment
quartiles: they were 30% in the first quartile (lowest payment), 35% in the second, 40% in the
third, and 45% in the fourth (highest payment).

%3 Revised Eligibility Criteria: After the randomization took place, CMS received comments that
the original eligibility criteria did not take into account providers that entered into Phase 2 of
BPCI by October 1, 2015, which was the final quarter a Phase 1 BPCI participant could
transition into Phase 2. CMS therefore revised the definition of BPCI participation in the original
eligibility criteria (2) and (3). The revised eligibility criterion (2) defined BPCI participation
hospitals participants as of October 1, 2015, instead of as July 1, 2015, and also included
episodes associated with a physician who was in a Physician Group Practice (PGP) in Phase 2 of
BPCI Model 2 as of October 1, 2015. Similarly, the revised eligibility criterion (3) defined BPCI
participation based on the list of BPCI-participating hospitals, SNF, and HHA as of October 1,
2015, instead of July 1, 2015. The revised eligibility criteria resulted in the exclusion of 8 MSAs
from treatment, resulting in the final list of 67 treatment MSAs. CMS did not announce which
MSAs would have been excluded from the control group based on the revised criteria.

Supplement Table 1 provides more details on the eligibility criteria and randomization process.



Table 1: Characteristics of the Study Population (all Eligible MSAs)

Percentiles

Mean (SD) 25t 5ot 75t
(1) (2) (3) (4)

Characteristics of Eligible LEJR patients
Age,y 72.5 +/-  0.91 71.8 72.5 73.0
White, % 90.0 +/- 0.07 86.3 92.2 95.1
Female, % 64.8 +/- 0.03 62.7 64.9 67.0
Disabled, % 17.2 +/- 0.06 13.1 16.0 20.2
Also on Medicaid, % 11.7 +/- 0.06 7.9 10.8 14.3
Elixhauser Comorbidity Index, No® 2.4 +/- 0.29 2.2 2.4 2.5
Characteristics of Eligible Hospitals
CJR-Eligible LEJR Volume per Hospital per Month, No% 20.4 +/- 116 12.8 17.5 23.8
For-Profit Hospitals, %" 25.3 +/- 25.8 0 25.0 50.0
Teaching Hospitals, %" 9.3 +/- 16.1 0 0 13.7
Number of Hospital Beds, No* 289.1 +/- 1409 205.0 258.1 332.8
Characteristics of Eligible MSAs
Number of Acute Care Hospitals, No™* 14.8 +/- 16.0 6.0 9.0 18.0
Number of Institutional Post-Acute Care Facilities, No™* 50.9 +/- 53.3 20.0 32.0 58.0
Number of Home Health Agencies, No™ 57.8  +/- 1171 13.0 24.0 59.0

Notes: Table reports characteristics of CJR-eligible patients with Medicare who underwent LEJR (N=131,285 episodes), CJR-eligible
hospitals (N=1,633 hospitals), and CJR-eligible MSAs (N=196 MSAs). All statistics are at the MSA level. Means for characteristics of
eligible LEJR patients and eligible hospitals are taken first within MSAs and then across MSAs. In each row column (1) reports the
mean and standard deviation across eligible MSAs; columns (2), (3), and (4) report the 25th, 50th, and 75th percentiles,
respectively. Unless otherwise noted, all statistics are based on the 2016 Medicare claims data; episodes starting between April 1,
2016 and September 15, 2016 are included. At the patient level, the mean (SD) [N] age is 72.6 (8.5) [130,343] and Elixhauser

Comorbidity Index is 2.4 (1.7) [130,343].

$The Elixhauser Comorbidity Index is a comorbidity measure based on ICD-9 CM or ICD-10 diagnosis codes. Binary indicators were
created for a list of 31 comorbidities; the index was created by the summing over these 31 indicators. A index of 0 means no
comorbidities were present for the episode, and a higher index means more comorbidities. The range of this measure is 0 to 31.

%The mean number of CJR-eligible LEJR episodes across hospitals in each MSA.

“Based on the 2014 American Hospital Association (AHA) data
**Based on the 2016 Medicare Provider of Services (POS) file



Table 2: Balance of Study Population by Group Prior to Implementation of CJIR (2014)

Mean (+/- SD) Value Difference (95% Cl) between

in Control MSAs original bundled payment and P-
(N=121) control MSAs Value
(1) (2) (3)

Discharge Destination, %

Discharged to Institutional Post Acute Care® 41.0 +/- 131 04 ( -17 to 084 ) 0.51

Discharged to Home Health Agency” 31.3 +/- 17.0 14 ( -008 to 29 ) 0.07

Discharged Home (w/o Home Health Agency)" 25.1 +/- 216 07 ( -22 to 067 ) 0.31

Discharged to Other$®" 2.5 +/- 44 003 ( -041 to 034 ) 0.88
Number of Days in Institutional PAC, d®¢ 104  +/- 2.9 004 ( -041 to 048 ) 0.88
Medicare Episode Spending in Institutional PAC, $ 4,719 +/- 1,410 24 ( -136 to 185 ) 0.77
Total Medicare Episode Spending, $ 24,160 +/- 3,465 29 ( -300 to 243 ) 0.84
Complication Rate, %" 1.4 +/-  0.69 001 ( -018 to 0.21 ) 0.89
90-Day ER Visit During Episode, % 20.1 +/- 3.1 056 ( -020 to 13 ) 0.15
90-day All Cause Readmission Rate, %" 10.9 +/- 2.2 -008 ( -069 to 054 ) 0.81
LEJR Admissions (per 1,000 enrollees), No 8.3 +/- 43 013 ( -0.09 to 034 ) 0.26
CJR-eligible LEJR Admissions (per 1,000 enrollees),

EETY

No 6.9 +/- 3.2 006 ( -023 to 036 ) 0.69
Elixhauser Comorbidity Index, No*" 2.4 +/- 028 001 ( -004 to 0.09 ) 0.75

Notes: Table reports MSA-level average characteristics of CJR-eligible LEJR episodes in 2014. Column (1) reports means for
the control MSAs. Plus-minus values are means +/- SD. Column (2) reports the estimated difference between the 121 control
MSAs and the original 75 treatment MSAs from an ordinary least squares regression of the outcome on an indicator variable
for original treatment status, and controls for strata and for two lags of the dependent variable (measured in 2012 and
2013); 95% confidence intervals are reported in parentheses Column (3) reports the p-value of the difference, with
heteroskedasticity robust standard errors. An f-test of the hypothesis that all of the outcomes are jointly zero yields an f-
statistic of 1.05 and a p-value of 0.54. N = 196 MSAs. All measures are based on the 2014 Medicare claims data; episodes
starting between April 1, 2014 and September 15, 2014 are included.

% Institutional post-acute care (PAC) includes skilled nursing facilities (SNF), long-term care hospitals (LTCH), and inpatient
rehabilitation facilities (IRF)

% This includes Medicare-approved swing beds, inpatient care at another acute care hospital, an intermediate care facility,
and other less common destinations such as psychiatric hospital, hospice, and federal hospital.

% Sum of days in SNF, LTCH and IRF. This measure is averaged across all episodes, not just episodes with institutional post
acute care use.

* Complication rate is the share of CJR-eligible patients who have at least one of the eight underlying complications that go
into the total hip arthroplasty / total knee arthroplasty 90-day complication measure used in the targeted quality score;
unlike the input into the targeted quality score, the complication measure here is not risk-standardized and is measured for
admissions during the study period, rather than as a 3-year moving average. The sample for this measure includes those
who were readmitted for LEJR and those who died within the episode, both of whom would otherwise be excluded from the
CJR sample based on the patient eligibility criteria.

™ The sample for this measure includes those who were readmitted for LEJR, who would otherwise be excluded from the
CJR sample based on the patient eligibility criteria.

*** Some hospitals and some LEJR patients are excluded from CJR. All other analyses in the paper are limited to CJR-eligible
admissions unless otherwise specified.

¥ The Elixhauser Comorbidity Index is a comorbidity measure based on ICD-9 CM or ICD-10 diagnosis codes. Binary indicators
were created for a list of 31 comorbidities; the index was created by the summing over these 31 indicators. A index of 0
means no comorbidities were present for the episode, and a higher index means more comorbidities. The range of this
measure is 0 to 31.

" Outcome not pre-specified in analysis plan.






Table 3: Healthcare Use and Spending During First Year of CJR (2016)

Mean (+/- SD) Value Difference in means (95% Cl)

in Control MSAs between bundled payment and
(N=121) control MSAs P-Value
(1) (2) (3)
Discharge Destination, %
Discharged to Institutional Post Acute Care® 33.7 +/- 11.2 29 ( -495 to -0.90 ) 0.005
Discharged to Home Health Agency” 322 +/- 19.4 1.3 ( -1.73 to 434 ) 0.40
Discharged Home (w/o Home Health Agency)" 32.2 +/- 23.3 2.6 ( -079 to 590 ) 0.14
Discharged to Other” 1.9 +/- 3.0 -040 ( -0.84 to 0.05 ) 0.08
Number of Days in Institutional PAC, d 8.2 +/- 2.7 -048 ( -1.06 to 0.11 ) 0.12
Medicare Episode Spending in Institutional PAC, $ 3,871 +/- 1,394 -307 ( -587 to 27 ) 0.04
Total Medicare Episode Spending, $ 22,872 +/- 3,619 -453  ( -909 to 3 ) 0.06
Medicare Spending Net of Reconciliation Payment, $* 22,872 +/- 3,619 234 ( -214 to 683 ) 0.31

Notes: Plus-minus values are means +/- SD. Change with bundled payment was estimated with the use of two-stage least-squares
instrumental variable regression, with random assignment to CJR used as an instrument for inclusion in CJR. All regressions include
indicators for strata, and control for two lags of the dependent variable; p-values and confidence intervals are based on
heteroskedasticity-robust standard errors. All outcomes measured during the episode. All measures are based on the 2016
Medicare claims data unless otherwise noted; episodes starting between April 1, 2016 and September 15, 2016 are included; lags
of the dependent variable are based on the corresponding period in 2013 and 2014. N=196 MSAs. See Table 2 (Balance) for
variable definitions.

$ Primary outcome.

"In the pre-analysis plan (available at https://clinicaltrials.gov/ct2/show/NCT03407885) we specified that we would combine
discharges to Home Health Agency with Institutional PAC rather than analyzing Home Health Agency separately, and we did not
specify looking at the remaining categories. The changes are non-substantive and designed for ease of exposition.

" Medicare spending Net of Reconciliation Payment equals Total Medicare Episode Spending (previous row) plus any reconciliation
payments made by Medicare. Data on reconciliation payment was downloaded from https://innovation.cms.gov/Files/x/cjr-
pylreconpym.xisx. Since reconciliation payment did not exist prior to 2016, analyses were instead controlled for lags of total
Medicare Episode Spending.



Table 4: Quality and Patient Case Mix During First Year of CJR (2016)

Mean (+/ SD)

Value in Control Difference in means (95% Cl)
MSAs between bundled payment and
(N=121) control MSAs P-value
(1) (2) (3)

Quality Measures
Targeted Measure: Composite Quality Score® 93 +/- 28 072 ( -0.12 to 155 ) 0.10
Non-targeted Quality Measures, 90-day %

Complication Rate 1.2 +/- 071 -0.002 ( -0.21 to 0.21 ) 0.99

ER Visit Rate 201 +/- 2.9 0.25 ( -0.44 to 093 ) 0.48

All Cause Readmission Rate 101 +/- 2.0 0.01 ( -055 to 0.58 ) 0.97
Admissions and Patient Case Mix
LEJR Admissions (per 1,000 enrollees), No 9.0 +/- 48 -0.14 ( -042 to 014 ) 0.34
CJR-eligible LEJR Admissions (per 1,000 enrollees), No 7.2 +/- 3.5 0.05 ( -0.32 to 042 ) 0.80
Elixhauser Comorbidity Index, No%®" 23 +/- 027 -001 ( -007 to 005 ) 0.73

Notes: Plus-minus values are means +/- SD. Change with bundled payment was estimated with the use of two-stage least-
squares instrumental variable regression, with random assignment to CJR used as an instrument for inclusion in CJR. All
regressions include indicators for strata, and control for two lags of the dependent variable; p-values and confidence intervals
are based on heteroskedasticity-robust standard errors. All outcomes based on the 2016 Medicare claims data unless otherwise
noted; episodes starting between April 1, 2016 and September 15, 2016 are included. N=196 MSAs.

$ This measure ranges from 0 to 18, with higher numbers indicate higher quality. The instrumental variable estimate does not
include lags of the dependent variable since it involves 3-year moving averages. As discussed in the text, this measure was not
expected to be affected because the score for the first year was based almost entirely on data prior to the introduction of CJR.
$9See footnote to Elixhauser Comorbidity index in Table 1.

" Outcome not pre-specified in analysis plan.



