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ABSTRACT

BACKGROUND: The Medicare Bundled Payments for
Care Improvement (BPCI) program reimburses 90-day
care episodes post-hospitalization. COPD is a leading
cause of early readmissions making it a target for value-
based payment reform.

OBJECTIVE: Evaluate the financial impact of a COPD
BPCI program.

DESIGN, PARTICIPANTS, INTERVENTIONS: A sin-
gle-site retrospective observational study evaluated
the impact of an evidence-based transitions of care
program on episode costs and readmission rates, com-
paring patients hospitalized for COPD exacerbations
who received versus those who did not receive the
intervention.

MAIN MEASURES: Mean episode costs and
readmissions.

KEY RESULTS: Between October 2015 and September
2018, 132 received and 161 did not receive the program,
respectively. Mean episode costs were below target for
six out of eleven quarters for the intervention group, as
opposed to only one out of twelve quarters for the control
group. Overall, there were non-significant mean savings
of $2551 (95% CI: —$811 to $5795) in episode costs rela-
tive to target costs for the intervention group, though
results varied by index admission diagnosis-related
group (DRG); there were additional costs of $4184 per
episode for the least-complicated cohort (DRG 192), but
savings of $1897 and $1753 for the most complicated
index admissions (DRGs 191 and 190, respectively).
A significant mean decrease of 0.24 readmissions per
episode was observed in 90-day readmission rates for
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intervention relative to control. Readmissions and hos-
pital discharges to skilled nursing facilities were factors
of higher costs (mean increases of $9098 and $17,095
per episode respectively).

CONCLUSIONS: Our COPD BPCI program had a non-
significant cost-saving effect, although sample size lim-
ited study power. The differential impact of the inter-
vention by DRG suggests that targeting interventions
to more clinically complex patients could increase the
financial impact of the program. Further evaluations are
needed to determine if our BPCI program decreased care
variation and improved quality of care.

PRIMARY SOURCE OF FUNDING: This research was
supported by NIH NIA grant #5T35AG029795-12.

KEY WORDS: chronic obstructive pulmonary disease; readmissions;
quality of health care; bundled Payment Care Initiative; medicare
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INTRODUCTION

Approximately 16 million Americans have chronic obstruc-
tive pulmonary disease (COPD).! Among individuals hos-
pitalized for acute exacerbations of COPD (AECOPD),
only one-third of patients receive care in accordance with
guidelines from the American College of Physicians and
the American College of Chest Physicians.” Furthermore,
approximately 20% of Medicare patients hospitalized for
AECOPD are readmitted within 30 days post-discharge.’
Large geographic variations in this readmission rate led the
Centers for Medicare and Medicaid Services (CMS) to clas-
sify many of these readmissions as preventable.* Therefore,
in 2014, CMS identified COPD as a condition with potential
cost-savings and added this diagnosis to conditions assessed
for financial penalties in the Hospital Readmissions Reduc-
tion Program (HRRP).? In addition, CMS pursued efforts
to innovate care through the Bundled Payments for Care
Improvement (BPCI) program.® BPCI aims to increase the
quality and value of care by stipulating that Medicare will
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reimburse for care episodes rather than individual fee-for-
service claims,® such that hospitals bear all post-acute care
costs, regardless of where care is provided.

To address the HRRP penalty, in 2014, The Univer-
sity of Chicago Medicine (UCM) launched a pilot 30-day
readmissions reduction program for patients admitted with
AECOPD.” When UCM began participating in model 2 of
BPCI for COPD in 2015,% the UCM COPD readmissions
reduction program was extended from 30 to 90 days to align
with BPCI episode duration and improve care coordination.
This 3-year BPCI program sought to provide evidence-based
transitions of care interventions including the inpatient and
outpatient settings using an interprofessional team-based
approach including®'® advanced practice nurse(s) (APN)
providing in-hospital consults and post-discharge follow-up
ambulatory visits to standardize guideline-recommended
care, nurse care manager(s) providing 48-h post-discharge
care transition phone calls, pharmacy-led medication rec-
onciliation,'"'? teach-to-goal inhaler education,'*™> and a
“Meds to Beds” program providing prescribed medications
prior to discharge (see Appendix A for more intervention
details).'®!” The study objective was to evaluate effective-
ness of the UCM COPD BPCI program at bringing episodic
costs of care below the CMS-defined target price and at
decreasing readmission rates relative to rates for patients
during the same period who did not receive the program.

METHODS
Study Design and Subjects

This was a retrospective observational study evaluating the
impact of the UCM COPD BPCI program on episode costs
compared to CMS-determined target costs. The primary out-
come was costs per episode, with a secondary outcome of
readmission rates at 30, 60, and 90 days. A BPCI episode
is defined as the index hospitalization through the 90-day
post-discharge period for a given patient. Total episode costs
are those billed to Medicare via Part A and B insurance
claims within episodes, including claims for index hospital
admissions, post-acute care, related outpatient services, and
readmissions.® Episode costs were evaluated relative to the
CMS-determined target cost for each episode. Target costs
are calculated quarterly per diagnosis-related group (DRG)
by applying a 3% discount to 3 years of historical claims
data, risk-adjusted using the hierarchical condition category
framework.'® The population of interest was patients with
CMS-determined COPD BPCI episodes with index hospital-
izations of DRGs 190, 191, and 192 (COPD with major com-
plication/comorbidity [MCC], COPD with complication/
comorbidity [CC], COPD without CC/MCC, respectively).'’
The asthma/bronchitis DRGs (202 and 203) were excluded
from our study as the intervention focused on patients with
hospitalizations for AECOPD.* The study period was the

UCM COPD BPCI program period from October 2015 to
September 2018.2° This project was formally determined
to be quality improvement, not human subjects research,
and was therefore not overseen by the Institutional Review
Board, per institutional policy.

Patients were identified for enrollment into the program
daily (Monday through Friday) via electronic health record
(EHR) screens of admitted patients performed by a non-
clinical team member to identify inpatients likely admitted
with AECOPD. This process included looking for quali-
fying symptoms or medications used to treat AECOPD
among patients with diagnosed COPD. The clinical pro-
gram APN(s) reviewed the screening list for inclusion in
the program if their clinical assessment confirmed that the
patient was admitted with or likely admitted with AECOPD.
Upon completing the initial consult, the APN entered the
patient into the EHR’s COPD registry. The intention was
to treat all patients admitted for AECOPD; however, pro-
gram delivery was limited by APN availability and screening
process sensitivity. APN availability limitations were due to
one of two factors. First, our inpatient consult program was
limited to Monday through Friday, such that some patients
admitted around the weekend may not have been able to be
seen. Second, there were intermittent periods when there
was no APN on the service (due to departures). With regard
to screening process sensitivity, due to a lack of pathogno-
monic factors related to acute exacerbations of COPD, real-
time identification of patients relied on clinical indicators.
This process was imprecise such that some individuals were
not identified during the screening process. The interven-
tion and control populations were CMS-determined COPD
BPCI patients who received or did not receive the program,
as determined by presence/absence of APN inpatient con-
sult notes, respectively. Because the two groups were not
randomized, there is potential selection bias; as a robustness
check, we performed an analysis comparing the interven-
tion period (2015Q4-2018Q3) to a historical control period
(2013Q4-2014Q3). Hereafter, “control group” refers to the
contemporaneous comparison cohort while “historical con-
trol period” refers to the cohort in the control year.

Data Sources

The data sources, CMS episode- and claims-level data and
internal administrative data, were joined on full name since
no single unique identifier existed across datasets. Unique
patients with the same name (determined by encrypted ben-
eficiary ID [Medicare] or MRN [internal]) were excluded.
The Medicare dataset includes total payments for all care
during the episode and target costs for each episode; costs
were not adjusted for inflation. The internal administrative
data included demographics, smoking status, prescribed
medications, length of stay (LOS), and procedures per-
formed during index admission, lab values from index and
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Table 1 Summary Statistics (n = episode level)

Control Intervention P-value
n=161 n=132
Median age at admission 70 73 0.2%
(year)
Race, 1 (%) <0.017
Black 126 (78.26) 120 (90.91)
Other! 3 (1.86) 2(1.52)
White 32(19.88) 10 (7.58)
Gender, n (%) 0.7
Female 105 (65.22) 83 (62.88)
Index DRG, n (%) 0.6"
192 21 (13.04) 17 (12.88)
191 73 (45.34) 52 (39.39)
190 67 (41.61) 63 (47.73)
Smoking status, n (%) <0.017
Never 17 (10.56) 3(.27)
Quit 103 (63.98) 98 (74.24)
Yes (current) 31(19.25) 29 (21.97)
Not asked 10 (6.21) 2(1.52)
Year, n (%) <0.017
2015Q4 10 (6.21) 15 (11.36)
2016 59 (36.65) 55 (41.67)
2017 67 (41.61) 24 (18.18)
2018 Q1-Q3 25 (15.53) 38 (28.79) .
Weekend stay, n (%) <0.05%
No 153 (95.03) 131 (99.24)
Yes 8(4.97) 1(0.76)

P-value calculations were performed using *Wilcoxon rank-sum test,
Fisher’s exact test, *chi-squared test, and 1-sided Fisher’s exact
test. 'Race category of “Other” includes Asian, Hispanic, Other, and
Unknown. YIDRG codes: 192 is COPD W/O CC/MCC; 191 is COPD
W CC; 190 is COPD W MCC

readmissions, admitting diagnosis, discharge diagnosis, and
time to readmission.

Statistical Analysis

Data analyses were performed using Stata version 15.1
(StataCorp; College Station, TX). All the analyses were
exploratory due to potential existence of selection bias
between the groups and at episode level by assuming inde-
pendence in costs between episodes. Comparisons between
groups utilized Wilcoxon’s rank-sum test for continuous
data and Fisher’s exact or the chi-squared test for categori-
cal data. To adjust for potential confounders, logistic, linear,
and zero-inflated Poisson regressions were performed for
binary, continuous, and count (i.e., number of readmissions)
outcomes, respectively; independent variables were checked
for multicollinearity. Potential confounding variables were
preselected based on factors with a plausible relationship
to the outcome variables and based on the limitations of
our available datasets. Although it would have been ideal
to include patient-level clinical history such as prior COPD
exacerbations or hospitalization, these data were not avail-
able to us without performing a chart review, which was
deemed to be infeasible for this analysis. Due to skewed cost
data, the mean difference in costs and the linear regression

model were bootstrapped, each with 20,000 replications,
to estimate a 95% confidence interval (CI).?! All two-sided
p-values < 0.05 were determined to be statistically signifi-
cant. See Appendix B for more details.

RESULTS

There were 132 COPD episodes (101 unique patients) in the
intervention group (received intervention), and 161 COPD
episodes (144 unique patients) in the control group (did
not receive intervention). The episode-level demographics
were not significantly different in age, gender, or index DRG
between the control and intervention groups. The groups
were statistically different in race, smoking status, index
admission year, and proportion of weekend stays (Table 1).
We therefore adjusted for potential confounding effects of
race, smoking status, and linear monthly time trends in our
regression models.

Cost Outcomes

The total episode costs were below total target costs for
6/11 versus 1/12 quarters for the intervention versus con-
trol groups (Table 2; Fig. 1). Median episode costs were
below target every quarter for the intervention group
versus 10/12 quarters for the control group. Overall, the
control group had $2550.71 higher mean cost difference
(net episode payment minus target cost) than the interven-
tion group. The 95% confidence interval (by bootstrap-
ping mean cost difference) was — $810.71 to $5795.14.
In a bootstrapped linear regression model (Table 3), sig-
nificant predictors of the difference between net episode
payment and target cost were discharged home with home
health (HH) or to a skilled nursing facility (SNF) and more
readmissions (all of which correlated with fewer savings
relative to target). Discharge to SNF was associated with
a mean increase in episode cost of $17,095 relative to
self-care; home health was associated with an increase of
$2380 per episode. Each readmission was associated with
a mean increased cost of $9098. For the reference index
DRG of 192 (least complicated cohort), the intervention
added a non-significant average cost of $4184 per episode
relative to control episodes. However, relative to control
episodes with DRGs of 191 or 190 (more clinically com-
plex hospital courses), the intervention saved on average
$1897 and $1753 per episode for index admissions with
DRGs of 191 or 190, respectively.

When comparing our historical control period to the
intervention period, there was not a significant difference
in episode costs relative to target costs (see Appendix C).
Similar to the main analysis, readmissions and hospital
discharges to SNFs were associated with higher episode
costs. DRG was not an effect modifier of the intervention’s
impact on episode cost in the secondary analysis.
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Table 2 Episode Costs Relative to Target Cost, By Quarter

Quarter Control Intervention

Mean episode Median episode Episodes (1) Mean episode Median episode Episodes (1)

costA ($) costA ($) costA ($) costA ($)
2015Q4 1824.78 —3061.55 10 —1106.89 —3722.38 15
2016Q1 4406.32 —2970.84 18 —2444.01 —6156.50 13
2016Q2 3557.89 —2764.76 21 —2496.23 —6651.26 4
2016Q3 3273.93 —8573.30 11 —1932.50 —7348.57 17
2016Q4 1446.23 479.93 9 —55.79 —6520.07 21
2017Q1 5627.08 —1725.71 25 0
2017Q2 298.90 —4937.07 23 —17048.47 —7661.11 4
2017Q3 1577.21 —1788.45 13 2388.46 -6916.96 11
2017Q4 —2167.45 —7693.62 6 4362.69 —2529.74 9
2018Q1 756.77 —1037.46 11 2508.43 —2748.06 12
2018Q2 327.70 —802.68 7 3405.71 —5766.68 13
2018Q3 10,305.08 7204.44 7 1568.20 —723.56 13

Mean and median differences between net episode payment and target cost, by quarter. Cost delta is the episode cost minus the target cost. A nega-
tive value reflects an episode cost below target (black); a positive value reflects an episode cost above target (red). Episode costs are those billed to
Medicare within a patient’s 90-day care episode, including claims for the index admission, post-acute care and related services, and any readmis-
sions. Target cost is calculated by CMS on a DRG- and quarterly basis by applying a 3% discount to 3 years of historical claims data, risk-adjusted

using the hierarchical condition category framework

Clinical Outcomes (Table 4)

The median length of index hospital stay for both the
intervention and control groups was 3 days. Overall, there
was not a difference in post-discharge setting. However,
there was a 51% higher rate of discharge to home with
HH services for the intervention versus control group.
The mean number of all-cause readmissions per episode
(hereafter, “readmission rate””) within 90 days of index
discharge was 0.52 versus 0.76 for the intervention versus
control group, respectively (95% CI of incidence rate ratio
(IRR): 0.46, 0.99). The intervention group demonstrated
a significant decrease of 0.24 readmissions per episode.
The 0-30-, 31-60-, and 61-90-day readmission rates
were 0.08, 0.08, and 0.09 lower, respectively, for the
intervention versus control group (95% CI of IRR:
0.41-1.21, 0.41-1.19, 0.33—1.18, respectively). When
comparing the intervention period to the historical control
period, 90-day readmission rates were non-significantly
lower by 0.12; 0-30-day readmission rates were 0.09 lower
in the intervention period, while 31-60- and 61-90-day
readmission rates were similar across periods (95% CI of
IRR: 0.43-1.17, 0.57-1.79, 0.46-1.65, respectively).

We also performed a Kaplan—Meier analysis of time to
first readmission for the control and intervention groups, in
which the first readmission within an episode was consid-
ered a failure event (Fig. 2). While a log-rank test showed
no significant difference between the two groups (p =0.1),
the intervention group curve is persistently above the con-
trol group curve, although 95% Cls are overlapping.

DISCUSSION

To our knowledge, this is the first multi-year study of an
entire COPD BPCI program. With respect to cost outcomes,
overall, we did not find a statistically significant change in
episode cost relative to target cost with the implementation
of the UCM COPD program. The mean savings among inter-
vention group episodes during the study period do represent
absolute net savings to our hospital system. Episode costs
were maintained below target significantly more often for
the intervention group than for the control group. In addi-
tion, we found that index DRG was an effect modifier for
the cost impact of the intervention: while the intervention
increased episode costs for index admissions with the refer-
ence DRG of 192, it saved approximately $2000 per episode
relative to control episodes for index admissions with DRGs
of 190 and 191. Although these differences were not statis-
tically significant within our small sample, the effect sizes
are promising. These findings suggest that by targeting the
intervention to more complex episodes, the impact of the
program could be increased. Ongoing efforts exist to develop
effective predictive models for identifying high-risk patients
with the most potential to benefit from readmission reduc-
tion interventions.?? In our additional analysis comparing
the intervention period to the historical control period, we
found similar cost results and qualitatively similar 90-day
readmission results, although the decrease in readmissions
was non-significant.

The most significant cost drivers were being discharged
to SNFs and number of readmissions within episodes. In
terms of readmissions, the intervention group demonstrated
a significant decrease of about a quarter of a readmission
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Figure 1 Episode costs by quarter. Legend: median (1A) and mean (1B) episode costs for AECOPD relative to BPCI target costs by quar-
ter. Episode costs are those billed to Medicare within a patient’s 90-day care episode, including claims for the index admission, post-acute
care and related services, and any readmissions. The target cost, calculated by CMS on a DRG- and quarterly basis, is shown as a weighted
average based on the number of episodes in each DRG so as to show only one target line for each group per quarter. 1C shows the cost

delta (mean episode cost minus the target cost) by

per episode. This reduction was sustained across the 0-30-,
31-60-, and 61-90-day periods, suggesting a long-lasting
treatment effect rather than simply a delay of readmission.
We also observed an increased number of episodes dis-
charged to HH among the intervention group.

Our finding that readmissions are a significant driver of
overall episode cost raises the question of what proportion
of COPD readmissions are actually preventable, and whether
hospitals participating in BPCI can be held responsible for
that prevention.?>2° One review that quantified what percent
of readmissions were deemed avoidable found a median of
27%.%° Multiple studies have found that readmission rates
are more closely correlated with case mix and the socio-
economic mix of a hospital’s patient population than with
hospital quality, and that teaching and safety-net hospitals
are therefore more likely to have higher baseline readmission
rates, as well as to face disproportionate penalties.>’ " In

quarter for the control and BPCI (intervention) groups.

fact, in 2019, the HRRP began to adjust penalties for safety
net hospitals by benchmarking performance against hospitals
with similar proportions of patients dually enrolled in Medi-
care and Medicaid;’ perhaps a similar approach is needed for
BPCI. The goal of bundled care payment structures is to cre-
ate more integration across post-acute care processes over-
all, but if unpreventable readmissions are preventing BPCI
participants from realizing savings, they may disincentivize
participants from investing at all in improving the value or
coordination of post-acute care.

Our results are similar to those described in an analysis
of a COPD BPCI intervention at the University of Alabama
Birmingham hospital.* That study did not have a sufficiently
large sample size to detect a clinically significant decrease in
readmission rates; the authors note that with the numbers of
patients admitted to most tertiary care centers for AECOPD,
it would be difficult for any single center to demonstrate
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Table 3 Regression Analyses

90-day readmit count

Episode target delta

Intervention
Month
Readmissions
Index DRG
190 (with MCC)
191 (with CC)
Interactions
Intervention x DRG 190
Intervention x DRG 191
Intervention x Readmissions
Age at admit
Race
Other
White
Female
Smoking status
Not asked
Quit
Yes (current)
Ist post-discharge setting
HH
Other
SNF
Weekend stay
N 293

0.77 (0.25, 2.40)

4183.87 (- 67, 9389)
49.88 (- 61, 158)
9098.247 (7142, 11,812)

861.47 (—2587, 4539)
104.76 (—2910, 3235)

—5936.64* (— 12,185, —261)
—6080.75% (— 12,227, — 415)
1069.18 (—2335, 4215)
—66.52 (- 177, 43)

—1473.15 (—=7296, 5832)
2680.72 (— 838, 6437)
505.16 (- 1808, 2957)

—4704.04 (- 12,009, 2674)
—1298.83 (- 5765, 2736)
—2612.38 (—7421, 1897)

2380.40* (112, 4670)
2225.20 (—3558, 9022)
17,094.88" (12,163, 22,192)
4761.02 (- 1880, 12,284)
293

Regressions of various outcomes to adjust for potential confounders

*p<0.05, )p<0.01; 95% confidence intervals are in parentheses

90-day readmit count: a zero-inflated Poisson regression was used for the total number of readmissions each episode within a 90-day post-index-
discharge period; the coefficient is an incidence rate ratio, i.e., a value of 1 implies no effect

Episode target delta: a linear regression was used to estimate those coefficients. A coefficient value of 0 implies no effect. Episode target delta is
calculated in dollars as (net episode payment minus target amount) for each episode

95% confidence intervals for episode target delta were estimated using bootstrapping with 20,000 replications (bias corrected and accelerated
method); confidence intervals for 90-day readmit count are robust to heteroskedasticity

The reference groups are control group, index DRG of 192, Black, male, never-smoker, and first post-discharge setting of self-care

[Tt}

Interaction terms (denoted by “x

) with intervention/control group were included for index DRG, and for number of Readmissions for the episode

target delta regression, because the intervention could conceivably affect the outcomes in consideration differently depending on clinical severity
(which DRG is a proxy for) and number of readmissions. Interactions were also analyzed for intervention/control group with first post-discharge
setting and with smoking status but were non-significant and are not shown. A month term was included to look for time trends independent of the
intervention. Readmissions is the total number of readmissions per episode

a significant improvement in either readmission rates or
costs.?! At a national level, it is not clear whether BPCI can
be unequivocally successful for chronic diseases such as
COPD. Although BPCI has been shown to reduce Medi-
care payments for total joint replacements, a study of BPCI
participant vs. matched control hospitals for the five most
common medical BPCI conditions (COPD, congestive heart
failure, pneumonia, sepsis, and acute myocardial infarction)
found no significant change in Medicare payments.>? It is
possible that for medical rather than surgical episodes, con-
trolling costs above the median-priced episode is much more
difficult due to the unpredictability and clinical complexity
of the conditions. Furthermore, in a study of AECOPD care
quality across US hospitals, changes in care quality were not
associated with implementation of CMS’ HRRP penalty.*?
Limitations of our study include lack of randomization.
The lack of randomization was due to a system-level effort

to provide evidence-based transition of care interventions
to all patients identified as being hospitalized for AECOPD
with the aim of reducing recurrent acute care utilization for
the entire population. Randomization was not a logistically
feasible option in this regard. Another theoretical concern
of randomizing patients is an ethical concern related to
intentionally providing some patients with evidence-based
interventions and not others. However, it is important to
note that a study using randomization to test transition of
care interventions for patients with COPD published after
our BPCI program found higher 6-month revisit rates for
the intervention, indicating that equipoise can exist in these
situations.** An additional limitation is in regard to incon-
sistent staffing of the program by the APN, as is common in
real-world clinical interventions. For instance, in 2016Q2,
there was only inpatient coverage (inpatient consults) and
no ambulatory visits due to temporary staffing changes, and
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Table 4 Clinical Outcomes

Control Intervention 95% CI of P-value
n=161  n=132 IRR
LOS (days) 0.92, 1.23%
Min 0 0
Median 3 3
Max 15 17
First post-discharge setting, 0.1°
n (%)
HH 38 (23.6) 47 (35.61)
Other 3(1.86) 3(2.27)
SNF 19 (11.8) 18 (13.64)
Self-care 101 (62.73) 64 (48.48)
# Readmissions, n events (mean # per episode)
0-90 days 122 (0.76) 68 (0.52) 0.46, 0.99*
0-30days 43 (0.27)  25(0.19) 0.41, 1.21*
31-60 days 42 (0.26) 24 (0.18) 0.41, 1.19*
61-90 days 37 (0.24) 19 (0.14) 0.33, 1.18*

IRR, incidence rate ratio

Clinical outcomes of the control and intervention groups. n’s are on
the episode level. HH is home health, SNF is skilled nursing facility,
and other includes hospice, inpatient psychiatry, and long-term care.
Number of readmissions is the total number of all-cause readmis-
sions within each time period (inclusive), where days is the number of
days from the index discharge date. 95% confidence interval of IRRs
(intervention compared to control) and p-value calculations were per-
formed using (a) univariate negative binomial regressions and (b)
Fisher’s exact test

in 2017Q1 there was no APN available due to another tem-
porary staffing change. A historical control period analysis
done to address these concerns did not alter the directionality
of our main findings. While reassuring that this secondary
analysis did not alter the findings, it is important to note
an additional limitation related to this approach, namely
that validity of these findings could be affected by ecologic
effects from implementation of CMS’ HRRP beyond the
BPCl intervention. One potential systemic bias is that higher
health care (especially inpatient) utilization may have made
enrollment into the UCM COPD program more likely, due to
problem lists clearly identifying COPD as a prior diagnosis.
COPD lacks a pathognomonic identifier such as an abnor-
mal laboratory value or vital sign and is therefore, known
to be under- and over-diagnosed, often without guideline-
recommended spirometry. This could have led to a higher
proportion of patients with greater acuity or fewer resources
in the intervention group. However, we found no significant
difference in DRG breakdown between the intervention and
control groups; furthermore, we mitigated this limitation
by controlling for selected confounders using regressions.
We note that this selection bias would attenuate rather than
contribute to our finding that the intervention group had
lower costs on average than the control group. Second, due
to limited patient-level clinical data beyond demographics
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Figure 2 Kaplan—-Meier curves of time to first readmission. Legend: a Kaplan—-Meier analysis of readmissions within the control and
intervention group episodes, where the first readmission after index discharge constituted a failure event.
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within our available datasets, we did not include a measure
of comorbidity burden, nor of clinical history such as past
COPD exacerbations. This limitation is lessened by the fact
that we compared costs on an episode-level to a target price
that is DRG-specific; DRGs are stratified by clinical sever-
ity, and the target prices therefore already adjust somewhat
for clinical complexity. Third, while we have total inpatient
and outpatient costs for each episode, our data sources did
not include costs of running the intervention itself; therefore,
we could not perform a return on investment analysis of the
intervention. With the exception of a dedicated APN team
member (who could bill for care and partially recover salary
costs), most of the intervention components utilized existing
hospital resources and were considered part of usual care.
Another important limitation is that this study focused on
the CMS BPCI program related to patient episode costs and
whether the program was below or above target. Program-
related costs were not included in the analysis. It is important
to note that in providing the clinical care through the pro-
gram additional costs were incurred by the health system.
Future work should include a full cost-effectiveness analy-
sis and a chart review to capture more patient-level clinical
descriptors. Finally, given the COVID-19 pandemic occurred
after the study period, it will be critical for future research
to evaluate the effect the pandemic had on existing COPD
transition of care programs.

Overall, for participants of the UCM COPD program,
median episode costs remained below the CMS target price,
and mean episode cost differences were $2551 lower for
the intervention versus control group, although non-signif-
icantly. The cost impact of the intervention was stratified
by DRG, suggesting a way to target the intervention in the
future to maximize its impact. We found that 90-day read-
missions, a primary driver of costs, decreased significantly
by 0.24 readmissions per episode. Future work includes con-
ducting full cost-effectiveness analyses, and incorporating
more clinical data obtained through chart review.
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