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oincrease value and address substantial cost and quality

variation in care, CMS has rapidly expanded orthopedic

bundled payment initiatives. By receiving a single “bundled”
amount for an entire episode of care, hospitals and physicians
are accountable for quality and costs under bundled payment.

After early success bundling acute care among a small group of
providers in the voluntary Acute Care Episode (ACE) demonstra-
tion,! CMS extended its focus across the care continuum. In 2012,
it launched the Bundled Payments for Care Improvement (BPCI)
initiative,’ alarge national program through which many hospitals
voluntarily accept bundled payment for joint replacement episodes
encompassing acute and postacute care (PAC). More recently, in April
2016, CMS used the BPCI framework to initiate the Comprehensive
Care for Joint Replacement model,® a mandatory program that
initially held approximately 800 hospitals in 67 metropolitan
areas financially accountable for the costs and quality of episodes
spanning hospitalization through 90 days of PAC.

Early evidence from BPCI suggests that bundled payment can
reduce episode costs and produce savings for both CMS and hospitals
while possibly increasing quality.** Because physician practice style
contributes to large variation in hospital and postacute spending for
surgeries such as hip replacement,® variation reduction is frequently
championed in bundle payment strategy.”® However, there is little
empirical evidence about whether organizational strategies must
reduce physician practice variation in order to succeed.

In this study, we describe physician practice variation at Baptist
Health System (BHS), a continuous participant in Medicare joint
replacement bundles since 2009. BHS achieved high performance—
demonstrating notable reductions in total episode payments and
hospital savings during a period when joint replacement expenditures
rose nationwide>*—by engaging physicians to reduce surgical implant
costsand postdischarge utilization of institutional PAC providers.>° We
evaluate the extent of and longitudinal changes in physician practice
variation with respect to implant costs, institutional PAC provider
utilization, and total episode payments, as well as the associations
among physician volume and quality and these 3 outcomes.

ABSTRACT

OBJECTIVES: To describe the extent of and longitudinal
changes in physician practice variation with respect to
implant costs, institutional postacute care (PAC) provider
utilization, and total episode payments, as well as to
evaluate the association between physician volume and
quality and these outcomes.

STUDY DESIGN: Observational study.

METHODS: We combined claims and internal hospital cost
data for 34 physicians responsible for 3614 joint replacement
episodes under bundled payment at Baptist Health System
(BHS). Multilevel multivariable generalized linear models
were employed and the intraclass correlation (ICC) was used
to quantify between-physician variation.

RESULTS: There was significant between-physician
variation in implant costs, institutional PAC provider
utilization, and total episode payments not explained by
observable variables (P <.001 for all). Over 5 years, the ICC
decreased from 0.26 to 0.06, 0.15 to 0.13, and 0.12 to 0.10 for
implant costs, institutional PAC provider utilization, and total
episode payments, respectively, but differences were not
statistically significant. Both higher physician case volume
and quality were associated with decreased total episode
payments and institutional PAC provider utilization, but not
with changes in implant costs.

CONCLUSIONS: Considerable physician practice variation
was observed under bundled payment at BHS and decreased
to a greater degree for implant costs than institutional PAC
provider utilization or total episode payments. Institutional
PAC provider utilization and total episode payments were
associated with physician volume and quality. Although some
organizational strategies achieve gains by reducing physician
practice variation, variation reduction is not an absolute
requisite for success under bundled payment.
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TAKEAWAY POINTS

Amid the proliferation of orthopedic bundles, organizations can benefit from understanding
whether strategies must reduce physician practice variation in order to succeed. Analyzing the
experience of a long-standing participant in Medicare orthopedic joint replacement bundles,
we found that although some strategies achieve gains by reducing physician practice variation,
variation reduction is not an absolute requisite for success under bundled payment.

» There was significant physician practice variation in implant costs, institutional postacute

care (PAC) provider utilization, and total episode payments.

» Overtime, physician practice variation decreased to a greater degree for implant costs than

for institutional PAC provider utilization or total episode payments.

the Elixhauser Comorbidity Score."® Medicare
data were also used to calculate 2 quality
of care measures, 30-day readmission and
emergency department (ED) visit rates, based
on CMS demonstration project specifications.**
Characteristics of operating physicians (gender,
years of experience, allopathic vs osteopathic
degree, graduation from US or non-US medical
school, and board certification status) were
obtained from publicly available information

METHODS
Study Period

The study was divided into 4 periods. The first was the baseline period
(July 2008-December 2008), when BHS received nonbundled fee-for-
service payments prior to ACE participation. The second was the ACE
period (July 2009-June 2012), during which BHS implemented joint
replacement bundles foracute hospitalization. The ACE period consisted
of3years: ACE year 1 (July 2009-June 2010), ACE year 2 (July 2010-June
2011), and ACE year 3 (July 2011-June 2012). The third was the transition
period (July 2012-September 2013), when BHS prepared to transition
to BPCI Model 2 and did not receive bundled payment. The fourth was
the BPCI period (October 2013-June 2015), in which BHS implemented
joint replacement bundles for episodes spanning acute hospitaliza-
tion through 30 days of PAC. The BPCI period consisted of 2 years: BPCI
year 1 (October 2013-June 2014) and BPCI year 2 (July 2014-June 2015).

Data Sources

We obtained both Medicare claims and internal hospital cost data
directly from BHS.> Using Medicare data, we constructed care episodes
that were consistent with the health system’s BPCI arrangement with
CMS and encompassed acute hospitalization plus 30 days of PAC.>
Data were not available during the transition period between ACE
and BPCI when BHS was not paid by CMS under bundled payment.

Study Population

Our analytic sample consisted of 3614 patient episodes from a
panel of 34 physicians who performed at least 1joint replacement
surgery in both the ACE and BPCI periods. Overall, 51 orthopedic
surgeons affiliated with BHS performed a combined total of 3725 joint
replacement surgeries on Medicare beneficiaries under Medicare
Severity Diagnosis Related Group 470, Major joint replacement or
reattachment of lower extremity without major complications or
comorbidities. We excluded physicians who performed surgeries
only in the ACE period (n =9) or BPCI period (n = 8).

Variables and Outcomes

Patient demographics and clinical data were calculated from
Medicare claims, and patient illness severity was estimated using

on consumer websites.

We evaluated variation in 3 outcomes of interest: implant costs,
total episode payments, and institutional PAC provider utilization.
Internal hospital cost data were used to quantify the costs of
orthopedic implants (implant costs), while BHS used a time-driven
activity-based costing approach® to quantify other nonsupply
hospital costs. Medicare data were used to calculate the sum of all
Medicare payments for an episode of care (total episode payments)
by combining claims for all acute hospital facility payments,
physician fees during hospitalization, and total PAC payments
through 30 days post discharge. Total PAC payments consisted of
those corresponding to outpatient visits, ED visits, readmissions,
physician fees, durable medical equipment, and utilization of
PAC providers, such as skilled nursing facilities (SNFs), inpatient
rehabilitation facilities (IRFs), and home health agencies (HHAS).

We used Medicare data to define a dichotomous variable (insti-
tutional PAC provider utilization) as discharge from hospitalization
to either SNFs or IRFs as institutional PAC providers, compared
with discharge home or home with HHA services. Patients were
discharged to 1 of 4 destinations in nearly all (99.4%) episodes.

Finally, we defined several variables to evaluate associations
between physician practice characteristics and our outcomes. We
assessed practice quality by calculating the proportion of episodes
for each physician with prolonged length of stay (PLOS), a validated
measure of complications of orthopedic lower extremity joint
replacement.'®”” PLOS evaluates the pattern of patient discharges as
a function of length of stay (ie, number of days in the hospital) and
identifies a point at which discharge is less likely than continued
hospitalization, representing a complication. We assess practice
volume using total case volume over the study period. Due to data
skewness, we analyzed volume as a continuous variable, as well
as a dichotomous variable with the top 10 physicians by volume
(each with more than 100 cases and representing more than 70%
of total cases) defined as high-volume physicians.

Statistical Analysis

Descriptive statistics were reported using means and SDs for
continuous variables and percentages for categorical variables.
Multilevel generalized linear models, adjusted for study year and
patient and physician characteristics, were employed to evaluate
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the extent of physician variation in the 3 outcomes of interest.
Models were clustered at the physician level and included a physi-
cian random effect. To account for multiple patients per operating
physician and heteroscedasticity, all models utilized clustered
standard errors with the Huber-White correction.

We utilized linear random effects models with a log link and
gamma distribution for the outcomes of implant cost and total
episode spending.” To evaluate institutional PAC provider utilization,
we used a random effects model with a logit link and binominal
distribution to estimate the logit of the probability of discharge to
institutional PAC providers as a linear function of covariates and
operating physician random effect.”

The significance of between-physician variation was determined
by testing whether the variance of the physician random effect
differed significantly from 0 and was reported using the intraclass
correlation (ICC). The ICC is a measure that reflects the proportion of
overall variance explained by variation between, rather than within,
clusters of individual observations. In this study, the calculated ICC
corresponds to the proportion of variation explained by differences
in practice patterns among physicians (ie, between-physician
variation), as opposed to among cases for individual physicians (ie,
within-physician variation). A linear threshold method was used to
calculate ICC for institutional PAC provider utilization.?* To compare
changes in the ICC across the study period, we used bootstrapping to
calculate standard errors for ICCs in ACE year 1and BPCl year 2 before
using the z statistic and pairwise tests for each outcome to evaluate
whether there were significant differences between the 2 years.

Random effects models were also used to calculate and compare
between-physician variation and ICC for implant costs and total
episode payments across our study period (ACE year 1 vs BPCI
year 2). Because bundle definitions did not include PAC until the
BPCI program period, we compared between-physician variation
and ICC for PAC provider utilization among ACE year 1, ACE year 3,
and BPCI year 2.

Separately, we used random effects models to test the associations
among physician quality and case volume and our 3 outcomes of
interest. All cost and spending figures were adjusted for inflation and
reported in 2015 US$ equivalents. Implant cost data were aggregated
at the level of individual physician per quarter and weighted by
episode volume. Analyses were conducted using SAS version 9.4 (SAS
Institute; Cary, North Carolina). All tests of significance were 2-tailed
and considered statistically significantatan a of .05. The University
of Pennsylvania Institutional Review Board approved the study.

RESULTS

The overall patient and program characteristics across the BHS
bundled payment program have been described previously.’ From
that sample, we included 34 physicians in this analysis, 97% of whom
were male, 100% whom had obtained allopathic medical degrees,

Physician Variation Under Orthopedic Bundles

91% of whom had graduated from US medical schools, and 82% of
whom were board certified (Table). On average, physicians in this
cohort had 26 years of experience and a total volume of 106 cases
across our study period, ACE year 1to BPCI year 2.

The mean age of patients cared for by these physicians was
72 years. They were predominantly female, and the mean Elixhauser
Comorbidity Score was 1.1, with the 5 most common coexisting
clinical conditions being hypertension (76%), diabetes (21%),
hypothyroidism (21%), obesity (19%), chronic obstructive pulmonary
disease (16%), and depression (10%). Readmissions and ED visits
occurred in 5% and 6% of cases, respectively.

Implant Costs

Overall, mean implant costs decreased 5.8% across the study
period, from $5026 in the first year of bundled payment (ACE year
1) to $4732 through 5 years (BPCI year 2). There was also an overall
downward shift in distribution of implant costs among physicians.
Compared with ACE year 1, for example, more physicians in BPCI
year 2 had average implant costs between $4500 and $5000 (22 vs 9)
and fewer physicians had average implant costs of $5550 or greater
(1vs 10) (Figure 1).

Afteraccounting for patient and physician characteristics, higher
implant cost was associated with younger patient age and earlier
study year. There was a decline in between-physician variation
across study year and program period (eAppendix Figures 1and 2
[eAppendix available at ajmc.com]), from an ICC of 0.26 in ACE
year 1to 0.06 in BPCI year 2, a difference that was not statistically
significant on pairwise testing (P = .26). Adjusted random effects
analysis demonstrated statistically significant between-physician
variation in implant costs (overall ICC = 0.11) unexplained by
observable variables (P <.001) (eAppendix Table 1).

Institutional PAC Provider Utilization

The proportion of patients discharged to institutional PAC providers

remained relatively steady during ACE: 42% in ACE year 1and 40%
in ACE year 3 when PAC was not included in bundled payment.
When PAC was included in bundles under BPCI, however, discharge

to institutional PAC providers decreased to 31% in BPCI year 1 and

to 25% in BPCI year 2. Across the ACE program period, most physi-
cians discharged at least half of their patients to institutional PAC

providers (Figure 2). In comparison, by BPCI year 2, most physicians

discharged at least half of their patients to home or HHAs (80% of
physicians in BPCI year 2 compared with 38% and 42% in ACE year
3 and ACE year 1, respectively).

After multivariable adjustment, higher institutional PAC provider
utilization was associated with earlier study year, female patient
sex, younger patient age, higher Elixhauser Comorbidity score, and
readmissions. Between-physician variance in institutional PAC
provider utilization decreased over the study period from 0.59 in
ACE year 1 to 0.48 by BPCI year 2, with ICCs of 0.15, 0.14, and 0.13
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TABLE. Physician and Patient Characteristics in Final Sample

Overall

ACE Year 1

ACE Year 2 ACE Year 3 BPClYear 1 BPCI Year 2

Physician Characteristics (n = 34)

Physicians, n 26 28 32 33 30
Male, n (%) 97 25 (96%) 27 (96%) 31(97%) 32 (97%) 29 (97%)
Years of experience, mean (SD) 26 (10) 27 (10) 25 (10) 25 (10) 25 (10) 25(10)
Total case volume, mean (SD) 106 (133) 26 (32) 25 (34) 22 (27) 18 (17) 31(32)
Allopathic medical degree, % 100 100 100 100 100 100
US medical graduate, n (%) 91 24.(92%) 25 (89%) 29 (91%) 30(91%) 27 (90%)
Board certification, n (%) 82 22 (85%) 23 (82%) 27 (84%) 27 (82%) 25 (83%)
Patient Characteristics (n = 3614)
Age, mean (SD) 72 (8.1) 73 (8.1) 72 (8.2) 72 (8.6) 72 (7.6) 72 (8.0)
Male, % 34 32 34 34 34 37
Coexisting clinical conditions, %
Hypertension 76 76 80 78 77 73
Diabetes 21 21 23 22 23 19
Hypothyroidism 21 21 18 19 22 22
Obesity 19 13 17 22 21 20
Chronic obstructive pulmonary disease 16 16 17 15 15 14
Depression 10 8 9 1 12 12
Elixhauser Comorbidity score, mean (SD) 1.1(4.5) 1.1(4.0) 1.1(4.3) 1.0 (4.7) 1.1(4.6) 1.1(4.7)
Cases with readmissions, % 5.2 4.3 5.9 6.2 5.7 4.2
Cases with ED visits, % 6.3 6.1 6.5 6.1 7.2 6.0
Discharge location, %
Home/self-care 5.5 9.8 4.8 4.2 5.1 4.2
Home with HHA services 59 47 56 56 64 71
SNF 25 25 21 23 23 19
IRF 13 16 17 17 8 6
Other® 0.5 1.6 0.6 0.3 0.5 0.1

ACE indicates Acute Care Episode; BPCI, Bundled Payments for Care Improvement; ED, emergency department; HHA, home health agency; IRF, inpatient

rehabilitation facility; SNF, skilled nursing facility.

20ther includes patients discharged to long-term care hospitals, intermediate care facilities, other short-term general hospitals, hospital-based swing beds,

and hospice, as well as those who left against medical advice.

in ACE year 1, ACE year 3, and BPCI year 2, respectively, without a
statistically significant overall change (P = .86). Overall, the extent
of between-physician variation (overall ICC = 0.09) unexplained
by observable variables was also statistically significant (P <.001)
(eAppendix Table 2).

Total Episode Payments

Over the 5 years of the study, mean total episode payments decreased
21% from $23,634 in ACE year 1to $18,699 in BPCl year 2. Compared
with ACE year 1, there was an overall narrowing and downward shift
in distribution of total episode payments among physicians. For
example, the number of physicians with total episode payments less
than $20,000 increased from 6 to 21 and there were fewer physicians
with total episode payments greater than $27,500 (9 vs 2) (Figure 3).

Afteraccounting for readmissions and ED visits, as well as patient
and physician characteristics, higher total episode payment was
associated with younger patient age and earlier study year.

Between-physician variance in total episode payments increased
slightly over time (eAppendix Figures 3 and 4), and the ICC decreased
by a statistically nonsignificant amount, from 0.12 in ACE year 1
to 0.10 in BPCI year 2 (P = .81). The extent of between-physician
variation (overall ICC = 0.07) unexplained by observable variables
was also statistically significant (P <.001) (eAppendix Table 3).

Association Between Physician Practice
Characteristics and Outcomes of Interest

In multivariable analyses, increasing physician clinical practice
volume was associated with small but significant decreases in total
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episode payments (coefficient, -0.00022; P <.001) and institutional
PAC provider utilization (coefficient, —0.00020; P <.001), but not
changes in implant costs (coefficient, 0.00015; P = .32). Results
from analysis using a dichotomized volume indicator did not yield
qualitatively different results. Similarly, lower practice quality,
defined as increasing proportion of episodes with PLOS, was associ-
ated with increased total episode payments (0.2086; P = .002) and
increased institutional PAC provider utilization (2.2347; P = .001)
but not changes in implant costs (0.1695; P = .19).

DISCUSSION

This study demonstrates that bundled payment strategy can reduce
costs and generate savings by decreasing variation in some practices
but not others. Three conclusions are particularly notable.

First, our analysis demonstrates the presence of and change in
physician practice variation in implant costs, institutional PAC
provider utilization, and total episode payments. In ACE year 1,
practice variation between physicians accounted for 15% to 26%
of overall variation in these outcomes. The decreases in between-
physician variation by BPCI year 2 demonstrate the role of practice
variation reduction in decreasing costs and utilization.

This observation is illustrated by the downward shift and narrowing
indistributions of our outcomes: Over time, more physicians achieved
lower mean implant costs and total episode payments, and fewer
physicians discharged a significant portion of patients to institutional
PAC providers. Furthermore, the presence of statistically significant
physician variation across the study period that was unexplained by
observable variables suggests that attention to individual physician
practice patterns may help other organizations identify cost and
utilization reduction strategies under bundled payment.

Second, this study suggests that reducing physician practice
variation may not be an absolute requisite for succeeding in joint
replacement bundles. Although physician practice variation only
accounted fora portion of overall implant costs and differences in
ICC were not statistically significant, we nonetheless observed a
steady decrease in between-physician variation over time. In the first
year of the bundled payment program, BHS leaders used quality and
cost data transparency to leverage physician engagement and lower
implant costs program-wide over several rounds of negotiations.!
The observed trend in physician variation reflects the result of this
strategy: more consistent pricing across available implant options
and systematic cost reductions across physicians.

Conversely, despite the fact that physician practice patterns also
accounted for approximately 10% of variation in PAC provider utilization,
there was a 40% decrease in institutional PAC provider utilization
without substantial reductions in between-physician variation over
time. Unlike efforts to reduce implant costs beginning in 2009, BHS
was not incentivized to address postdischarge utilization until it was
included in bundles in late 2013 under BPCI. In turn, despite a clear

Physician Variation Under Orthopedic Bundles

FIGURE 1. Distribution of Implant Costs Among Physicians

in the BHS Bundled Payment Program (by program year)
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Payments for Care Improvement.

FIGURE 2. Distribution of Institutional PAC Utilization

Among Physicians in the BHS Bundled Payment Program
(by program year)
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FIGURE 3. Distribution of Total Episode Payments Among

Physicians in the BHS Bundled Payment Program (by
program year)
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ACE indicates Acute Care Episode; BHS, Baptist Health System; BPCI, Bundled
Payments for Care Improvement.

shiftaway from institutional PAC provider utilization under the health
system’s BPCI “appropriate discharge location” program, some degree
of variation persisted through its first 2 years. These findings suggest
thatorganizations may be able to significantly reduce overutilization
even in the early stages of some variation reduction efforts.

Similarly, between-physician variation did not declineamid a 21%
decrease in total episode payments. As an outcome, total episode
payment reflects the entire array of redesign efforts implemented
across a bundle over time. For example, beyond its long-standing
implant cost strategy and emerging PAC provider utilization program,
BHS also interspersed initiatives to standardize hospital care,
increase patient engagement in discharge planning, and implement
a postdischarge transitional care management program. The health
system’s ability to achieve total episode payment reductions amid
multiple initiatives underscores the ability to control episode costs
even as physician practice variation persists in some specific processes.

Together, these dynamics may provide insight into the relation-
ships among physician quality and volume with study outcomes.
The lack of association between physician quality or volume and
implant costs is consistent with organizational strategy designed
to drive down variation across high-/low-volume and high-/low-
quality physicians. In contrast, the finding that physician volume
and quality were associated with PAC provider utilization and
total episode payments amid stable between-physician variation
suggests that certain physician characteristics may contribute to
the effectiveness of other variation reduction strategies.

Third, our findings emphasize the opportunity to preserve clinical
appropriateness amid efforts to drive down costs and unwarranted
physician variation. As stated previously, a central element of
the BHS approach to orthopedic bundles was the preservation of
physician choice and patient well-being. For example, physicians
were able to seek approval and use implants beyond those on the
standard approved list if clinically indicated.!” They were also
able to deviate from standardized care pathways when needed to
prioritize patient needs. Our results suggest that retaining clinical
flexibility amid variation reduction efforts does not impede success
under bundled payment.

Limitations

Our analysis possesses several limitations. First, it is descriptive and
not designed for causal inference. Second, our study describes the
experience of a single institution and therefore may not be generaliz-
able to all organizational and market environments. However, as
the first analysis to quantify physician practice variation in both
internal hospital costs and Medicare payments under bundled
payment, it provides important information for a growing number
of organizations considering or entering into similar bundling
arrangements. Additionally, this analysis provides insight into
potential mechanisms underlying the previously described impressive
cost savings BHS achieved compared with other hospitals and BPCI
participants nationwide.** Third, our results must be contextualized
within unresolved questions about bundled payment, including
whether it induces hospitals to perform more procedures and/
or select healthier patients, thereby undercutting any touted cost
savings. However, although further work is needed in this area,
volume increases may represent improved value and do not by
themselves represent policy failure.?>? Finally, our analytic approach
was unable to account for changes in implant technology or other
concurrent nonbundled payment policies over the study period.

CONCLUSIONS

Significant physician practice variation was observed under
bundled payment at BHS. Over time, variation decreased by varying
amounts for all 3 outcomes of interest, although differences were
not statistically significant. Additionally, physician volume and
quality were associated with institutional PAC provider utilization
and total episode payments, but not implant costs. These findings
demonstrate that although some organizational strategies achieve
gains by reducing physician practice patterns, variation reduction
among physicians is not an absolute requisite for success under
bundled payment. B
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eAppendix Table 1. Random Effects Analysis of Implant Costs®

Estimate SE P

Year

ACE year 1 0.06262 0.01656 .0002

ACE year 2 0.07069 0.01623 <.0001

ACE year 3 0.05688 0.01599 .0004

BPCI year 1 0.1004 0.01658 <.0001

BPCI year 2 Reference — —
Patient characteristics®

Age —0.00343 0.001614 .0343

Sex¢ 0.02892 0.03043 3426

Elixhauser Comorbidity Score —0.00496 0.002774 .0743
Physician characteristics
Sex¢ —0.02779 0.1082 7975
Years of experience —0.00092 0.002187 .6747
US vs non-US medical school graduate 0.05578 0.09999 5773
Board certification —0.08315 0.07754 2842
Medical degree type? 0 — —
Within-physician variation 0.08708 0.006068
Between-physician variation 0.01036 0.003194 <.0001¢

ACE indicates Acute Care Episode; BPCI, Bundled Payments for Care Improvement; SE,
standard error.

?Physician-level analysis.

PGrouped within physician.

‘Male as referent.

4All physicians had MD degrees.

°Based on the residual pseudo-likelihood y? test.



eAppendix Table 2. Random Effects Analysis of PAC Utilization?

Estimate SE P
Year
ACE year 1 0.8364 0.126 <.0001
ACE year 2 0.7335 0.1243 <.0001
ACE year 3 0.7905 0.1226 <.0001
BPCI year 1 0.2404 0.1295 .0635
BPCI year 2 Reference
Patient characteristics
Age 0.08968 0.005609 <.0001
SexP 0.6747 0.08669 <.0001
Elixhauser Comorbidity Score 0.05128 0.009105 <.0001
Number of readmissions 0.6886 0.1613 <.0001
Number of ED visits —0.2593 0.14 .064
Physician characteristics
SexP 0.3749 0.6059 5361
Years of experience —0.01301 0.01282 3103
US vs non-US medical school graduate —0.8698 0.5893 14
Board certification —0.1459 0.4564 7491
Medical degree type© 0 — —
Within-physician variation?
Between-physician variation 0.3067 0.1097 <.0001°¢

ACE indicates Acute Care Episode; BPCI, Bundled Payments for Care Improvement; ED,
emergency department; PAC, post acute care; SE, standard error.

2Patient-level analysis.

PMale as referent.

¢All physicians had MD degrees.

dCalculated using the linear threshold method.

°Based on the residual pseudo-likelihood y? test.



eAppendix Table 3. Random Effects Analysis of Total Episode Payments®

Estimate SE P
Year
ACE year 1 0.2237 0.01226 <.0001
ACE year 2 0.2275 0.01204 <.0001
ACE year 3 0.2012 0.01188 <.0001
BPCI year 1 0.01765 0.01238 154
BPCI year 2 Reference — —
Patient characteristics
Age 0.009169 0.000498 <.0001
SexP 0.07339 0.008257 <.0001
Elixhauser Comorbidity Score 0.008678 0.000903 <.0001
Number of readmissions 0.4085 0.01582 <.0001
Number of ED visits 0.01969 0.01318 1353
Physician characteristics
SexP 0.1024 0.06823 1336
Years of experience —0.00182 0.001416 .1995
US vs non-US medical school graduate —0.1059 0.06538 .1053
Board certification —0.05341 0.05053 .2905
Medical degree type© 0 — —
Within-physician variation 0.05479 0.001296
Between-physician variation 0.003986 0.001332 <.0001¢

ACE indicates Acute Care Episode; BPCI, Bundled Payments for Care Improvement; ED,

emergency department; SE, standard error.
2Patient-level analysis.

PMale as referent.

¢All physicians had MD degrees.

9Based on the residual pseudo-likelihood y? test.




eAppendix Figure 1. Physician Variation in Mean Implant Costs (by year)
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eAppendix Figure 2. Physician Variation in Mean Implant Costs (by program period)

Physician variation in mean implant costs
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eAppendix Figure 3. Physician Variation in Mean Total Episode Payments (by year)
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eAppendix Figure 4. Physician Variation in Mean Total Episode Payments (by program period)
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