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Abstract

Background: The Center for Medicare and Medicaid Innovation (CMMI) launched the Bundled
Payments for Care Initiative (BPCI) in 2013. Its effect on payments and outcomes for
percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) is
unknown.

Methods and Results: We used Medicare inpatient files to identify index admissions for PCI
and CABG from 2013 through 2016 at BPCI hospitals and matched control hospitals, and
difference in differences (DID) models to compare the two groups. Our primary outcome was the
change in standardized Medicare allowed payments per 90-day episode. Secondary outcomes
included changes in patient selection, discharge to post-acute care (PAC), length of stay (LOS),
emergency department use, readmissions, and mortality. 42 hospitals joined BPCI for PCI and 46
for CABG. There were no differential changes in patient selection between BPCI and control
hospitals. Baseline Medicare payments per episode for PCI were $20,164 at BPCI hospitals, and
$19,955 at control hospitals. For PCI, payments increased at both BPCI and control hospitals
during the intervention period, such that there was no significant difference-in-difference (BPCI
hospitals + $673, p=0.048; control hospitals + $551, p=0.022; DID $122, p=0.768). For CABG,
payments at both BPCI and control hospitals decreased during the intervention period (BPCI
baseline, $36,925, change —$2,918, p<0.001; control baseline, $36,877, change -$2,618, p<0.001;
DID, $300; p=0.730). For both PCI and CABG, BPCI participation was not associated with
changes in mortality, readmissions, or LOS. Among BPCI hospitals, ED use differentially
increased for patients undergoing PCI and decreased for patients undergoing CABG.

Conclusions: Participation in episode-based payment for PCI and CABG was not associated
with changes in patient selection, payments, LOS, or clinical outcomes.

Correspondence: Karen E. Joynt Maddox, Washington University School of Medicine, Department of Medicine, Cardiovascular
Division, 660 S Euclid Ave, Saint Louis MO 63110, (314) 273-2715, kjoyntmaddox@wustl.edu.
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Health care delivery is often fragmented and poorly coordinated, contributing to
unnecessarily high spending and adverse clinical outcomes. In 2013, the Center for
Medicare and Medicaid Innovation (CMMI) launched the Bundled Payments for Care
Initiative (BPCI) in an effort to use a novel payment model to incentivize improvements in
care.l In contrast to the traditional fee-for-service model, which reimburses each provided
service independently, in bundled payments, hospitals assume the financial responsibility for
an entire “episode” of care, from admission through post-acute care. The BPCI program had
four tracks; in Model 2, the topic of this analysis, the episode of care included the inpatient
hospital stay plus all related services 30-, 60-, or 90 days after discharge. Enrolling hospitals
selected to participate in one or more of 48 different clinical episodes. Total payments for
the given care episode were then compared to target prices determined by the CMMI. Target
prices are determined based on based historical data and risk adjustment models of patients
and hospital peers.1:2 If the actual payments were below target payments, hospitals were able
to keep a portion of the savings; if hospitals exceeded targets, they were required to
reimburse Medicare for some of the difference.

Bundled payment models continue to expand. BPCI Advanced, which is a related bundled
payments model encompassing both inpatient and outpatient care, began in October, 2018,
and will run through October, 2023; 1299 participating hospitals and physician groups have
already signed up for BPCI Advanced.? Despite growing prevalence of these care models,
there remains a paucity of information regarding their ability to reduce costs or whether they
lead to any unintended consequences, such as compensatory increases in procedural
volumes, restrictions in care for patients with high levels of comorbidity, or worsening
clinical outcomes. The few completed studies have shown inconsistent results. For example,
in studies of lower extremity joint replacement, bundled payments were associated with
reduced payments without any apparent adverse outcomes.3~/ However, a prior study of the
5 most common medical conditions requiring hospitalization in Medicare patients (acute
myocardial infarction, congestive heart failure, pneumonia, sepsis, and chronic obstructive
pulmonary disease) demonstrated no association between participation in bundled payments

for these conditions and reduced payments, readmission, mortality, or other major outcomes.
8

Organizations participating in bundling may find it easier to alter clinical pathways for
patients receiving procedures than for patients with medical problems. In this study we
focused on percutaneous coronary intervention (PCI) and coronary bypass graft (CABG)
surgery, two very common procedures. Cardiac procedures are not as elective as major joint
replacement, but they are often planned, scheduled events that might be amenable to care
redesign. While annual federal reports produced under contract with CMS have examined all
conditions in the BPCI,3-8 to our knowledge there is nothing in the peer-reviewed literature
examining changes in Medicare payments and clinical outcomes for cardiac procedures
under BPCI.
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Our goal was to evaluate the association of hospital participation in BPCI for percutaneous
coronary intervention (PCI) and coronary artery bypass grafting (CABG) with changes in 1)
patient selection for these procedures; 2) mean Medicare allowed payments per episode; and
3) clinical outcomes including length of stay, emergency department (ED) visits, mortality,
readmission, and discharge to institutional post-acute care.

METHODS

The National Heart, Lung, and Blood Institute of the National Institutes of Health, which
provided funding for the study, had no role in its design or conduct; the collection,
management, analysis, or interpretation of the data; the preparation, review, or approval of
the manuscript; or the decision to submit the manuscript for publication. The requirement
for informed consent was waived because the data were deidentified. The study was
approved by the Human Research Protection Office at Washington University School of
Medicine. Due to the sensitive nature of the data for this study, the authors are not
authorized to share the data. Requests to access Medicare data must be requested at
resdac.org

Data

We obtained publicly available lists of participating hospitals in Model 2 of BPCI from
CMMI, which provided their start date for financial incentives, and the date they planned to
terminate participation. From these lists, we identified hospitals enrolled by July 1, 2016, in
bundles for PCl and CABG. These data were linked both to hospital characteristics, obtained
from the 2014 American Hospital Association file, and to market characteristics such as
availability of post—acute care services and median income levels, obtained from the Area
Resource File. For each hospital, market share was calculated as the proportion of all
admissions in the county for the condition of interest. Market competitiveness was
calculated using the Herfindahl-Hirschman Index, which consists of the sum of squares of
each hospital’s market share such that an HHI of zero represents a perfectly competitive
market and an HHI of one represents a monopoly.®

Using propensity scores based on market and hospital characteristics, as well as trends in
baseline rates of discharge to skilled nursing facilities and of readmissions, each hospital
participating in BPCI was matched without replacement with up to three control hospitals
whose log-odds propensity scores were within 0.515 of the log-odds propensity score for the
BPCI hospital. We chose this difference of 0.515 to be consistent with the previous work in
this area, which is based on the pooled standard deviation of our log-odds propensity scores
multiplied by 0.2. Hospitals were excluded from consideration for the control group if they
were not paid through the inpatient prospective-payment system (e.g. critical access
hospitals) or if they participated in BPCI for any other condition, in case there was care
redesign spillover.

We used Medicare inpatient files to identify index admissions for PCI (Medicare Severity
Diagnosis-Related Groups [MS-DRGs] 246, 247, 248, 249, 250, 251, 273, 274) and CABG
(MS-DRGs 231, 232, 233, 234, 235, 236) from January 1, 2013, through September 30,
2016 at participating hospitals and matched control hospitals. We included only beneficiaries
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who were continuously enrolled in Medicare Parts A and B during their episode of care and
excluded those with Medicare eligibility because of end-stage renal disease. Claims
contained demographic characteristics, principal discharge diagnoses, coexisting conditions,
and service use.

For each index hospitalization, standardized Medicare-allowed payments for episodes of
care (defined as the hospitalization plus 90 days after discharge) were calculated using 100%
files for inpatient care, skilled nursing facility care, home health agency services, and
durable medical equipment. These payments comprise approximately 85% of all payments
including institutional post-acute care, which has been found to be most sensitive to the
incentives in bundling.8: 10 Physician services and other outpatient care are not included as
Medicare makes claims available for only a 20% sample of patients. Standardized payments
specified by the Centers for Medicare and Medicaid Services (CMS) reflect a process that
removes differences in payment according to a wage index, as well as differences with
respect to payments for indirect costs of medical education, payments to disproportionate-
share hospitals (i.e., hospitals providing a disproportionate share of care to Medicaid
beneficiaries and uninsured patients), and other special payments. Total payments were
Winsorized at the 95th percentile of national episode payments and adjusted for inflation to
prices in 2015. Because fewer than 5% of hospitals chose 30- or 60-day episodes, we
analyzed only 90-day episodes, which is consistent with prior evaluations.3-8: 11,12

We considered the baseline period to be 9 months to 3 months (a 6-month period) before
each hospital’s start date, with the intervention period starting immediately after the start
date. The length of the intervention period ranged according to the enrollment date. For
example, hospitals that started in January 2015 had a 2-year intervention period; those that
started in April 2016 had only a 6-month intervention period. The mean intervention period
was 16 months in our main analyses. Hospitals were included in this “intent-to-treat”
analysis regardless of whether they elected to drop out of the program after enroliment.

Our primary outcome was the change in standardized allowed Medicare payments per
episode. Secondary outcomes included changes in hospital case mix (based on the mean
Chronic Conditions Warehouse score [a Medicare-provided comorbidity index that ranges
from 0 to 27, with higher scores indicating more coexisting conditions]), discharge to post-
acute care, per-hospital case volume, proportion of patients dually enrolled in Medicare and
Medicaid (as an indicator of poverty), proportion of patients with disabling conditions,
changes in the individual components of payment), and changes in length of stay, emergency
department use, readmissions, and mortality.

Hospital and market characteristics were compared between BPCI hospitals and matched
control hospitals with the use of chi-square and t-tests, as appropriate. We used a difference-
in-differences approach to examine changes in each outcome from the baseline period to the
intervention period, and then to compare these changes between BPCI hospitals and
controls. For each control hospital, the time periods were identical to those of the matched
BPCI hospital. Analyses were run at the patient level, with each outcome in a separate
model. Time was the primary predictor, coded as a binary variable for baseline versus
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intervention periods, along with BPCI status, and the interaction term between these
indicators. The significance of the interaction term determined whether there had been a
greater change in any outcome in patients at BPCI hospitals than in patients at control
hospitals. Marginal models that use generalized estimating equations (PROC GLIMMIX in
SAS) were used to account for correlation among patients within hospitals, and a match
group fixed effect was included in all models to account for other unobserved differences.
We risk-adjusted all models by including indicator variables for DRGs and individual
Chronic Conditions Warehouse scores to control for coexisting conditions. For our primary
outcome (total Medicare payments for each condition), we considered p<0.05 to be
significant. Secondary endpoints and analyses should be considered exploratory.

Hospital Characteristics

A total of 42 hospitals participated in the program for PCI and 46 for CABG (Table 1). As
compared with the sample of all eligible U.S. hospitals, BPCI hospitals for both PCI and
CABG were more likely to be a teaching facility, have a larger number of beds, have higher
median household incomes in their market and be located in the Northeast region. BPCI
hospitals participating in PCI bundles were also more likely to be for-profit in ownership.
Matched control hospitals were similar to BPCI hospitals on each of these elements,
however. BPCI hospitals had higher mortality, higher readmission rates, and higher
Medicare payments for PCI in 2013 than both controls and the broader all-hospital group.
These parameters were more similar across BPCI, control, and all hospitals for CABG.
However, slopes for the 15-month period before the intervention between BPCI hospitals
and control hospitals were similar for Medicare payments and clinical outcomes for both
BPCI and CABG, as these were a key part of the matching algorithm for our difference-in-
differences approach (Supplemental Tables 1, 2, and 3).

Patient Selection

For PCI, there were 2,054 patients (episodes) in BPCI hospitals and 4,339 in control
hospitals during the baseline period. During the intervention period for PCI, there were
3,799 patients (episodes) in BPCI hospitals and 8,657 in control hospitals (Table 2). There
were no differential changes in procedural volume for PCI in BPCI hospitals versus matched
control hospitals during the study period (decrease of 3.9 procedures per quarter versus
decrease of 3.7 procedures per quarter, difference in differences [DID] 0.3, p=0.957, Table
2). There were also no differential changes over time for patients in BPCI hospitals
undergoing PCI versus matched comparison hospitals with respect to demographics or
measures of clinical risk.

For CABG, there were 1,245 patients (episodes) in BPCI hospitals and 2,254 in control
hospitals during the baseline period. During the intervention period for CABG, there were
3,898 patients (episodes) in BPCI hospitals and 7,744 in control hospitals (Table 3). For
CABG, there were similarly no differential changes in procedural volume, and no significant
differential changes in patient characteristics in BPCI hospitals vs. comparison hospitals
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with the exception that BPCI hospitals saw a greater increase over time in the proportion of
patients who qualified for Medicare on the basis of a disability (Table 3).

Medicare Payments per Episode

At baseline, the mean Medicare payment per episode in PCI for BPCI hospitals was
$20,164, which increased during the intervention period (+$673; p= 0.048). Control
hospitals for PCI had a mean Medicare payment of $19,955 per episode at baseline, which
also increased during the intervention period (+$551; p=0.022, DID $122, p=0.768, Figure 1
and Table 4). Changes in individual components of Medicare payments, including payments
for the index hospitalization, long-term care hospitals, readmissions, skilled nursing
facilities, inpatient rehabilitation, and home health care, did not differ significantly between
BPCI and control hospitals.

For CABG, the mean Medicare payment for BPCI hospitals was $36,925, which decreased
to $34,007 during the intervention period (-$2,918, p<0.001). Control hospitals for CABG
had a mean Medicare payment of $36,877, which also decreased during the intervention
period (change —$2,618, p<0.001; DID, $300, p=0.730, Figure 1 and Table 4). The decline
in payments was mostly driven by the index admission, however, there were significant
reductions in payments for SNF as well as home health agencies in both BPCI and control
hospitals. The decline in payments for index admissions was largely driven by a decline in
both index and outlier payments (payments for exceedingly costly cases) among the costliest
hospitalizations for both BPCI and control hospitals (Supplemental Table 4). Histograms of
hospital-level changes in total payments are shown in Supplemental Figure 1.

Clinical Outcomes

In PCI, there were no differential changes between BPCI hospitals and controls in 30 and
90-day mortality, readmissions, length of stay, or discharge to institutional post-acute care.
In BPCI hospitals, there were significant increases in both 30 and 90 day ED use in
comparison to controls (Table 5).

In CABG, there were no significant differential changes between BPCI hospitals and
controls in 30 and 90-day mortality, readmissions, or length of stay (Table 5). There were
differential reductions in ED use over time, with BPCI hospitals decreasing 30- and 90-day
ED use more than controls.

DISCUSSION

We found that hospital participation in BPCI for PCI and CABG was not associated with
significant changes in total or component Medicare payments, patient characteristics, or
outcomes such as readmission, mortality or length of stay. In CABG, BPCI participation was
associated with reductions in ED use, while after PCI, BPCI participation was associated
with increases in ED use. Prior studies have shown that hospital participation in BPCI for
any of the 5 most common medical conditions requiring hospitalization among Medicare
patients was not associated with changes in payments or in clinical outcomes,® while many
have found reduced payments, without adverse outcomes, in hospitals participating in BPCI
for joint replacement.3-7- 11 We had hypothesized that since both PCI and CABG are
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procedural, they might follow a pattern more like joint replacement, but we did not find this
to be the case.

One potential reason for the differences between total joint replacement and cardiac
procedures may be due to the nature of the procedures themselves. In most cases, joint
replacement is an elective surgery. It is possible that planned, elective procedures or
procedures with highly variable use of costly post-acute resources, such as rehab services,
may be more amenable to cost reductions under episode-based payment models than urgent
or emergent procedures such as PCI or CABG. For instance, in joint replacement, up to 92%
of the variation in post-discharge spending is due to differences in PAC spending.
Unsurprisingly, the reduction in payments with joint replacement in the BPCI program was
largely driven by lower utilization of PAC.10 This is in contrast to inpatient PCI, which
contains a large proportion of unplanned procedures that occur in the setting of an acute
coronary syndrome (55% of our cohort). In this population, it has previously been found that
readmissions account for the majority of hospital variation in payments.13 14 Despite
tremendous resources expended under the Hospital Readmissions Reduction Program, it has
struggled to meaningfully impact readmission rates.1> Accordingly, it was not surprising to
us that we failed to see a change in readmissions among BPCI participating hospitals. Also
in comparison with total joint replacement, where the index hospitalization comprises
around 48-50% of total payments, in both PCI and CABG, the index hospitalization
accounted for at least 67% of total payments. As payments for inpatient stays are
predominantly based on a standard DRG scale, it is possible there is less ability to reduce
payments for this phase of care, rather than post-acute care (e.g. readmissions, rehabilitation
services, etc.), given the variability in the use of these services.

Why BPCI participation was associated with increased ED use after PCI but the opposite
after CABG is not readily apparent. There were no other consistent signals of harm for BPCI
participation for PCI. The baseline ED use during the run-in period was lower in BPCI
hospitals participating for PCI, so it is possible this amplified the differences observed
between participating and control hospitals during the intervention period. For CABG, there
were similar observations in the control hospitals, which may have led to the opposite result
we observed.

Notably, we observed a significant decline in total Medicare payments in CABG for both
BPCI and control hospitals. This decline was largely driven by a reduction in index and
outlier payments among the costliest patients undergoing CABG for both BPCI and control
hospitals during the study period. The factors driving this decline are unclear, but may be
related to care improvements in both groups leading to reductions in complications and their
associated extended hospitalizations, or in differential patient selection in ways that were not
picked up in our models. There were also significant declines in payments for skilled
nursing facilities for both BPCI and control hospitals after CABG. This is consistent with
the decline in discharge to PAC we observed for BPCI participating hospitals. This is also in
line with prior data which observed similar findings after total joint replacement, suggesting
that hospitals may be changing behavior in regard to SNF utilization after a variety of
surgeries.’
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This study should be interpreted in the context of other work on bundled payments for
cardiac procedures. One prior study looked at differences between hospitals that joined
BPCI for cardiac bundles more broadly versus those that did not (finding that participants
were higher-volume and provided higher-level cardiac services like PCI and cardiac
transplant),16 but did not examine changes in costs or outcomes under the program. As noted
above, federal reports from the Lewin Group, produced under contract with CMS, have been
released annually, and examine all conditions within the program;3-8 our findings are
qualitatively similar to those reported in their Year 5 report, in that they also find no
significant differential change in 90-day episode payments made by Medicare for BPCI
hospitals compared to controls for either condition. Minor differences in matching
approaches and outpatient data availability likely explain quantitative differences. The Lewin
report differs from our findings in some of the secondary outcomes, including mortality;
they note an increase in CABG mortality for BPCI hospitals relative to controls, however,
this finding did not remain robust after further sensitivity analysis using a matching strategy
more similar to ours.3

Our study has a number of limitations. First, BPCI is a voluntary program, so
generalizability to mandatory models is uncertain. Second, as with any administrative data
research, there are unmeasured variables and confounders, which in this study, could have
biased the results toward the null. Third, it is important to remember that this is a study of
inpatients only, and so does not apply to outpatient PCI, which is becoming increasingly
common. Fourth, we used a relatively short baseline period due to data availability, during
which hospitals were likely aware they would soon be entering the bundled payments
program and have already been preparing to redesign care; this could have biased us to the
null. Fifth, we had a relatively short follow-up period and longer follow-up may be
necessary to see if differences would develop between intervention and control hospitals.’
Sixth, there were a relatively small number of hospitals that participated in BPCI for PCI
and CABG, and it is possible this biased us toward the null as well. Seventh, we were unable
to control for whether hospitals were concurrently participating in other alternative payment
models including bundled payment programs in the private setting. Eighth, we had no data
on spending targets, penalties, or bonuses under the program. Therefore, our findings
represent the effect of the program on Medicare payments, but we cannot estimate its impact
on financial performance, nor whether hospitals that received penalties or bonuses had
differential changes in outcomes over time.

In summary, we found that participation in episode-based payment for PCl and CABG was
not associated with changes in patient selection, payments, LOS, or improved outcomes
such as mortality or readmission. Bundled payments have demonstrated an ability to reduce
payments for joint replacement, but our findings suggest their efficacy may not generalize
across all procedures. As BPCI-Advanced is rolled out for a number of inpatient and
outpatient diagnoses and procedures, continued monitoring will be important to ensure that
the program is effective and does not have unintended consequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known:

. The Bundled Payments for Care Improvement (BPCI) initiative has shown
mixed results, with success in reducing costs for joint replacement, but not for
common medical conditions including myocardial infarction and heart failure.

What this study adds:

. For PCI episodes, payments increased at both BPCI and control hospitals
during the intervention period, such that there was no significant differential
change between the groups.

. For CABG episodes, payments at both BPCI and control hospitals decreased
during the intervention period, again indicating no differential change
between the groups.

. For both PCI and CABG, BPCI participation was not associated with
differential changes in clinical outcomes such as mortality or readmissions.

. Bundled payments may not be as successful for cardiac procedures as they
have been for orthopedic ones.
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Total Medicare Payments, BPCI versus Control
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Figure 1: Total Medicare Payments, BPCI versus Control
PCI — Percutaneous coronary intervention; CABG — Coronary Artery Bypass Grafting
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