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Background: COPD accounts for the highest rate of hospital admissions among major chronic
diseases. COPD hospitalizations are associated with impaired quality of life, high health care
utilization, and poor prognosis and result in an economic and a social burden that is both sub-
stantial and increasing.

Aim: The aim of this study is to determine the efficacy of a comprehensive case management
program (CCMP) in reducing length of stay (LOS) and risk of hospital admissions and readmis-
sions in patients with COPD.

Materials and methodology: We retrospectively compared outcomes across five large
hospitals in Vancouver, BC, Canada, following the implementation of a systems approach to
the management of COPD patients who were identified in the hospital and followed up in the
community for 90 days. We compared numbers, rates, and intervals of readmission and LOS dur-
ing 2 years of active program delivery compared to 1 year prior to program implementation.
Results: A total of 1,564 patients with a clinical diagnosis of COPD were identified from 2,719
hospital admissions during the 3 years of study. The disease management program reduced
COPD-related hospitalizations by 30% and hospitalizations for all causes by 13.6%. Similarly,
the rate of readmission for all causes showed a significant decline, with hazard ratios (HRs)
of 0.55 (year 1) and 0.51 (year 2) of intervention (P<<0.001). In addition, patients’ mean LOS
(days) for COPD-related admissions declined significantly from 10.8 to 6.8 (P<<0.05).
Conclusion: A comprehensive disease management program for COPD patients, including
education, case management, and follow-up, was associated with significant reduction in hospital
admissions and LOS.
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Introduction

COPD is a leading cause of morbidity and mortality worldwide and the third leading
cause of death in the US. COPD results in an economic and a social burden that
is both substantial and increasing.'? A recent report from the CIHI showed that
AECOPD is the number one cause of medical hospital admissions and readmissions
in Canada.* AECOPD hospitalizations are associated with an impaired HRQL, high
health care utilization, and worse prognosis.** Hospitalizations due to AECOPD
account for the greatest portion of the economic costs for this disease.”* We have
previously shown in an audit of the inpatient management of COPD that there were
significant care gaps particularly with discharge planning and appropriate maintenance
treatment in the community for these patients.!® There was also a lack of follow-up
within the community and poor adherence with regard to prescribed medications.
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As a result, a special COPD case management program
was implemented, consisting of teams recruited to identify,
follow, and develop comprehensive care plans for all COPD
patients admitted to Vancouver’s main hospitals. The objec-
tive of the present study was to retrospectively analyze a
cohort of COPD patients and compare outcomes during the
year prior to the program (April 1, 2011, to March 31, 2012)
with those during the 2 years of the program (April 1, 2012,
to March 31, 2014). The specific objectives were to determine
whether implementation of a CCMP for patients with COPD
was associated with a reduced rate of readmission and shorter
LOS for any subsequent admission and to identify potential
factors contributing to unplanned readmission despite the
implementation of this case management program.

Materials and methodology

Design and subjects

This was a retrospective study of all COPD patients admit-
ted to all five hospitals in Vancouver, Canada, between
April 1, 2011, and March 31, 2014. Consecutive patients
from each of the participating hospitals were identified by
multidisciplinary case management teams, usually compris-
ing at least one or more respiratory therapist, nurse, and a
nurse practitioner. These teams were based at five hospitals,
including two large academic teaching hospitals and three
community hospitals. All subjects had a previous physician
diagnosis of COPD; the study protocol was approved by
the ethics committees of the participating hospitals and the
University of British Columbia’s Clinical Ethics Committee
(Vancouver Coastal Health [VCHRI/VCHA], UBC CREB#
H12-00183, and Providence Health Care, UBC-PHC REB#
H11-00786). No individual consent was required by the
ethic committees as this was a retrospective administrative
data-based driven study.

Methods

All identified patients were followed up in the community for
up to 90 days. Follow-up included visiting patients at home
within a week of hospital discharge date (or phone follow-up
if patient declined a home visit). Home visits aimed at clini-
cal assessment, review of medications and inhaler technique,
education, and multidisciplinary support.

We collected data related to patient demographics, dates of
hospital admission, discharge, readmission, ED visits, length of
hospitalization, comorbidities, most responsible doctor service,
consultation services, and RIW. Patients’ outcomes during the
program period were compared to those during the year prior
to the program being initiated (Supplementary materials).

Statistical analysis

Outcome variables

The main outcome variables were the rate of hospital
readmissions for an AECOPD and the LOS during the
2-year period after program implementation (fiscal years
2012/13-2013/14) compared to the year prior to the program
(fiscal year 2011/12), especially readmission rates during the
90-day follow-up window.

Descriptive and inferential analysis

All hospital visits among our patient cohort were identified
from available inpatient and ED data across the five hospitals
during April 2011 to March 2014. Details of descriptive
and inferential analysis are provided in the Supplementary
material.!'13

Results

In total, 1,564 unique individuals were identified in our data-
set. These individuals contributed 2,719 admissions, 99.1% of
which were from five hospitals participating in the program.
Individual patients (n=4) and admissions (n=33) not related
to these five facilities were excluded from further analyses.
Overall, 54.4% of patients were male, and the average age
(£SD) was 72.9 (+12.5) years for males and 75.0 (+11.8) years
for females. Roughly, half of patients (49.3%, n=769/1,560)
were readmitted at some point during the study period
(all causes, inpatient only), with COPD being the primary
diagnosis in 67.5% (n=519/769) of readmitted cases. The
overall proportion of patients who were readmitted or had an
ED visit was 59.6% (n=930/1,560). Over the 3 years of study,
average age and gender ratio remained generally constant.

Readmission rate

Progressively fewer COPD patients and COPD-related
admissions were observed over the 3 years of study (Table 1).
The greatest decline occurred in the first year following
implementation of the case management program, with 18%
fewer patients and 13% fewer admissions overall compared
to the year prior to the program. Moreover, in the year pre-
ceding the program, 80.7% of all admissions in the cohort
were COPD related, whereas this declined to 62.8% by the
second year of the program (Table 1). Similar patterns as
mentioned previously were observed when inpatient and ED
visits were combined (Table 2).

The proportion of patients readmitted within 90 days of
their index COPD admission declined, both for all-cause
readmissions (from 34.6% to 21.8% to 20.5%) and for
COPD-related readmissions (from 28.4% to 14.0% to 11.4%).
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Table | Admission rates for the COPD cohort during selected periods before and after program implementation (inpatients only)

Period Total patients Patients admitted Total Admissions with
admitted with primary dx COPD (%) admissions primary dx COPD (%)

Preprogram 594 585 (98.5) 980 791 (80.7)

Program year | 485 428 (88.2) 857 621 (72.5)

Program year 2 468 367 (78.4) 882 554 (62.8)

Abbreviation: dx, diagnosis.

Indeed, the overall distributions for numbers of readmissions
within 90 days were significantly different before and after
implementation of the program (Figure 1), for both all-cause
admissions (K-S test, D=0.14, P<<0.01) and COPD admis-
sions only (K-S test, D=0.16, P<<0.01). The most striking
change was the increased proportion of patients not read-
mitted within 90 days, which rose from ~65% prior to the
program to 80% after the program (all causes).

Examining shorter follow-up windows revealed similar
results. The proportion of patients readmitted for all-causes
declined from preprogram through program years 1 and 2
(within 60 days: 30.2% to 18.9% to 15.7%; within 30 days:
16.3% to 14.9% to 12.9%). Rates of COPD-related readmis-
sion declined consistently across program years for a 60-day
window (26.9% to 11.4% to 8.9%) but not for a 30-day
window (6.5% to 3.8% to 8.2%).

Readmission times and intervals

Considering patients with at least one readmission, median
time to readmission for all causes increased from 33 days for
patients admitted prior to the program to 40 days for patients
admitted during year 1 of the program. Similarly, median time
to readmission for COPD increased from 41.5 days for patients
admitted prior to the program to 55 days for patients admitted
during year 1 of the program. Note some patients admitted
during year 2 of the program are not included here due to
incomplete follow-up (<1 year) for some individuals.

Regression analyses of readmission rates
All causes

Regression modeling with recurrent events showed that
readmission rates for all causes were lower among patients

admitted in the years following program delivery (Figure 2)
compared to patients admitted prior to program implemen-
tation (program year effect, P<<0.001; Table 3). HRs for
probability of readmission were 0.55 (program year 1) and
0.51 (program year 2) relative to the year prior to the program
(Table S1). Probability of readmission increased with the
number of previous admissions (HR 2.61-23.97), and there
were significant differences between facilities, fiscal years,
and by RIW but not by age or between males and females
(Table 3; Table S1).

COPD related

Similar to all-cause admissions, readmission rates for COPD
were lower among patients with an index admission during
the years of program delivery (Figure 3) compared to patients
with an index admission prior to program implementation
(significant program year effect, Table 4). HRs for prob-
ability of readmission were 0.74 (program year 1) and 0.72
(program year 2) relative to the year prior to the program
(Table S2). Probability of readmission increased substantially
with the number of previous admissions (HR 3.0-39.3), and
there were significant differences between fiscal years and
by age and RIW but not among facilities or between males
and females (Table 4 and Table S2).

LOS

LOS for COPD-related admissions declined significantly
after implementation of the program, with an average stay
of 10.8 days prior to the program, 8.3 days during pro-
gram year 1, and 6.8 days by program year 2 (Table S3).
Between preprogram and program year 2, the change in
average LOS corresponds to a 37% decrease (P<<0.05).

Table 2 Admission rates for the COPD cohort during selected periods before and after program implementation (inpatients and

ED visits)

Period Total patients Patients with Total ED ED visits with
admitted/ED visit primary dx COPD (%) visits primary dx COPD (%)

Preprogram 597 586 (98.2) 333 69 (20.7)

Program year | 527 450 (85.4) 562 126 (22.4)

Program year 2 542 404 (74.5) 882 203 (23)

Abbreviation: dx, diagnosis.
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Figure | Distribution of numbers of readmissions (all causes and COPD only) within 90 days for patients with an index COPD admission prior to, or during years | and 2,

of the program.

Regression modeling confirmed that the effect of the program
on LOS remained significant after accounting for variation
among facilities, by age, gender, and RIWs (Table 5). A
similar trend was observed for all-cause admissions as well
(data not shown).

Discussion

The global burden and high costs of COPD are well
recognized. Hospitalizations account for more than half
of COPD-related costs.'*!> Multiple studies have evalu-
ated rehospitalization risk in COPD patients and reported
that >60% of patients were readmitted within 1 year.!*!3
Unplanned readmissions have a great impact on the patient
and health care costs. In our study, the unplanned readmis-
sion rate was ~50% during the 3 years of study period. The

program was associated with a significant decline in the rate

All-cause admissions

20

5 /

1.0-

_..//

0.5

Mean cumulative number
of readmissions

0.0

o

200 400 600
Days since index COPD admission

Figure 2 Mean cumulative number of all-cause readmissions relative to days since
index COPD admission (inpatients only), based on Cox regression model.

Notes: Solid lines represent cohort means and colored bands represent 95% confi-
dence intervals. Red = preprogram; green = program year |; blue = program year 2.

of COPD-related hospitalizations, hospital bed days, ED
visits, and most importantly the number of readmissions.
Several observational studies and RCTs of COPD inter-
ventional programs have provided inconsistent results.!*2¢
Our findings, however, confirm reports from previous trials
of disease-specific management with comparable set of inter-
ventions and study population.?*2¢ In particular, it confirms
the results of Bourbeau et al in a real-world setting and show
that these results can be replicated across a range of health
care facilities including academic and community hospitals.
Bourbeau et al* conducted an RCT in Quebec and compared
the effect of a disease self-management program specific to
COPD on the use of hospital services and health status among
patients with moderate to severe disease. In comparison to
usual care, disease-specific self-management intervention
was associated with a 39.8% reduction in hospitalizations in
the intervention group, as well as a 57.1% reduction in admis-
sions for other diagnoses, a 41.0% reduction in ED visits, and
a 58.9% reduction in unscheduled physician visits. Similarly,
in another RCT by Rice et al,?* disease management program
reduced hospitalizations for cardiac or pulmonary conditions
other than COPD by 49%, hospitalizations for all causes by
28%, and ED visits for all causes by 27% (P<<0.05 for all).

Table 3 Cox regression model statistics for all-cause readmissions

Effect df Chi-square P-value
Gender | 0.034 0.854
Facility 4 27312 <0.001
Age I 3.146 0.076
Program year 2 32.830 <0.001
Fiscal year 2 67.356 <0.001
Readmissions 6 1,088.647 <0.001
Resource intensity wt | 14.765 <0.001

Abbreviation: wt, weight.
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Figure 3 Mean cumulative number of readmissions with primary diagnosis of COPD
relative to days since index COPD admission (inpatients only), based on Cox regr-
ession model.

Notes: Solid lines represent cohort means and colored bands represent 95% confi-
dence intervals. Red = preprogram; green = program year |; blue = program year 2.

In contrast, Fan et al® reported that a comprehensive care
management program in patients with severe COPD had not
decreased COPD-related hospitalizations and was associated
with unanticipated higher mortality in an RCT comparing
care management program with guideline-based usual care.
However, limitations of the study cast some doubt on the
results as it was stopped prematurely and did not include
comparative scores for body mass index and exercise toler-
ance between the two groups.

Despite the controversy of using the 30 days readmission
rate as a reflection of health care quality,” it remains of par-
ticular importance especially in the US due to the potential
financial penalties by the US CMS. We have observed a
reduction in readmission rates at 30, 60, and 90 days for
both all-cause and COPD-related admissions. However,
our failure to show a benefit in COPD-related readmission
at 30 days admissions is consistent with other studies that
have shown a similar readmission rate at this time point.?®**
One potential factor is that as we reduce the LOS, there is

Table 4 Cox regression model statistics for COPD related
readmissions

Effect df Chi-square P-value
Gender | 0.072 0.789
Facility 4 9.316 0.054
Age | 9.683 0.002
Program year 2 6.782 0.034
Fiscal year 2 19.942 <0.001
Readmissions 6 873.196 <0.001
Resource intensity wt | 10.639 0.001

Abbreviation: wt, weight.

Table 5 Regression model statistics for length of stay analysis
among inpatients with primary diagnosis of COPD

Source df Chi-square P-value
Age | 14.85 <0.001
Gender | 2.55 0.11
Facility 4 21.85 <0.001
Fiscal year 2 7.60 0.02
Resource intensity wt | 34.68 <0.001
Program year 2 8.25 0.02
Gender X fiscal year 2 737 0.03
Resource intensity X gender | 10.01 <0.001

Abbreviation: wt, weight.

a risk of premature discharge of subjects who even with
intensive community supports fail to transition to a stable
clinical state at home. More importantly, the median time for
COPD-related readmissions prior to the program in our study
was 41.5 days, which would make examining intervention
effect at longer follow-up periods more relevant.

We have previously identified significant care gaps in the
management of COPD patients.'**° Poor quality of inpatient
care including inadequate discharge planning was suggested
as a possible factor influencing future readmissions.'%3%3!
The comprehensive program described in the current study
aimed at improving the COPD health care system by filling
these gaps and by developing and incorporating multiple
interventions like increased disease knowledge, treatment
adherence, and early follow-up and management of COPD
exacerbations that have been found to be associated with
improved quality of life and faster recovery, in addition to
reduced hospital admissions.?3!-3

The results of this study extend the findings of previ-
ous research reporting a strong association between post-
discharge care including early follow-up with lower risk
of readmission.?*3¢3° Sharma et al* reported that early
follow-up visits with patient’s PCP significantly reduced
risk of ED visits and readmissions within 30 days following
acute hospitalization. A follow-up visit was associated with a
protective effect against emergency readmissions in the study
by Sin et al,*” which showed a 23% reduction in risk of emer-
gency readmissions. On the other hand, lack of follow-up is
a significant risk factor for early rehospitalization.*-*® Gavish
et al®® reported that the lack of'a follow-up visit was associated
with a significant increased risk of rehospitalization within
90 days of discharge (OR, 2.91; 95% CI, 1.06-8.01).

It is reasonable to assume that early detection and prompt
treatment of an exacerbation hastens recovery and failure
to seek medical attention may have consequences for both
patients and the health care system. Results from several
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observational studies showed that more than one-half of
COPD exacerbations were not reported to health care
providers and that these had significant impact on health
status.**** Wilkinson et al** found that failure to report
exacerbations was associated with an increased risk of hos-
pitalization, while earlier treatment of COPD exacerbation
accelerates recovery time. In addition, patients with COPD
who receive adequate medical education have better quality
of life and maintain significant reductions in hospitalization
and ED visits.? These findings support the results of the cur-
rent study and potentiate the importance of disease-specific
management programs.

We examined the role of previous hospitalization in
the risk for COPD readmission. The present finding that
the probability of readmission increased substantially
with the number of previous hospitalizations may not be
surprising as recurrent exacerbations and previous hospital-
izations are associated with greater decline in lung function
and higher risk for future admissions.'®!7#"~** More than any
other element of COPD health care, hospitalizations account
for a major portion of the economic costs for this disease.**+
We observed changes in readmission patterns following
program implementation, with fewer COPD patients and
admissions overall, but proportionately more with longer
readmission intervals (eg, >90 days) and shorter LOS. Based
on these findings, it seems logical that the program could
significantly improve the quality of life and reduce the high
cost of hospitalization and rehospitalization in patients with
advanced COPD.

Approximately two-thirds (67%) of the admissions dur-
ing the study period were COPD related. Thus, the fact that
one-third of readmissions were not primarily related to COPD
highlights the importance of managing patient comorbidities
and identifying predictors for hospital readmission.!74647
In support to initial reports suggesting that the beneficial
effects of disease-specific management interventions may
extend beyond those related to COPD,!'"* the number of
hospital readmissions was also reduced for other health
problems, proving that CCMP provided better overall long-
term management of COPD.

The study by Mittmann et al*® was the first study to pro-
spectively examine the economic burden of moderate and
severe COPD exacerbations from a Canadian perspective. By
using data from the RUSIC study,* they conservatively esti-
mated the total cost of COPD exacerbations in Canada between
$646 and $736 million a year. They also reported the average
length of COPD hospitalization at 10 days with a total cost of
~$10,000 per stay. Our study suggests that CCMP is associated

with reduction in LOS from 2.5 to 4 days (23%—37%). Thus, in
addition to the clinical benefits of lowered LOS and readmis-
sion rates, our findings suggest that CCMP could significantly
reduce costs of care of COPD patients.

Limitations and reasons for efficacy
Limitations of this study include its retrospective design with
no control group/hospital, the lack of medical history and
pulmonary function data as an assessment of severity, and
the lack of risk factor/exposure information (eg, smoking
status) for individuals. In addition, we could not evaluate the
potential impact of a change in medication prescribed postint-
ervention. We were also unable to systematically assess for
mortality in the follow-up period. Despite these limitations,
we feel the results are of importance and valid. The number
of subjects included in the study and the duration of follow-up
exceed that of any previous randomized controlled trial in
this area. Our qualitative feedback from our intervention
teams highlighted the presence of multiple inhalers, often
containing overlapping formulations in the homes of study
subjects and an associated poor level of inhaler technique.
COPD patients do not easily engage in self-management pro-
grams due to many factors,*® and because of these challenges,
intensive longer follow-up than in our study is required. In
addition, given the known cognitive impairment and reduced
levels of health literacy in this patient population,>-** it is not
hard to imagine that an intensive and sustained humanomics-
based intervention would be effective.*

Conclusion

Our study demonstrates the effectiveness of a CCMP in
reducing number and length of hospitalizations, ED visits,
and health care utilization in COPD patients.

Abbreviations

AECOPD, acute exacerbations of COPD; CCMP, Com-
prehensive Case Management Program; CMS, Centers for
Medicare and Medicaid Services; CI, confidence interval;
CIHI, Canadian Institute for Health Information; ED, emer-
gency department; HR, hazard ratio; HRQL, health-related
quality of life; LOS, length of stay; MR Dx COPD, primary
diagnosis of COPD; OR, odds ratio; PCP, Primary Care
Physician; RIW, resource intensity weight.
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Descriptive analysis

All hospital visits among our patient cohort were identified
from available inpatient and emergency department (ED) data
across the five hospitals during April 2011 to March 2014.
Given the need for multidisciplinary teams to be recruited,
the case management program was not implemented at
the same time in all facilities (start dates varied between
September 2011 and February 2012), we identified for each
hospital a “preprogram” period and matched “program year 1”’
and “program year 2” periods of equal length. For a facility
beginning program delivery on February 1, 2012, for exam-
ple, the preprogram, year 1, and year 2 periods were defined
as April 2011 to January 2012, April 2012 to January 2013,
and April 2013 to January 2014, respectively. In this way,
each period for a facility was comparable both in terms of
duration and time of the year. These three periods were used
to calculate and compare basic descriptive statistics on the
numbers and proportions of patients and admissions and on
the lengths of stay, before, and after implementation of the
program. Our analyses focus on inpatient admissions with a
primary diagnosis of COPD (ICD-10 codes J440, J441, J448,
and J449), although we also considered patterns for “all-cause
admissions” as well as in ED visits where discharge diagnosis
contained the phrase “chronic obstructive”.

Inferential analysis

Recurrent events regression modeling was used to assess
changes in readmission rates in relation to the program.' For
this analysis, each patient’s earliest hospital admission for
COPD in our dataset was used as the starting point (time =0)
or “index admission”, for tracking through the entire study
period. Time-at-risk (days) was accumulated for each patient
using their discharge-to-readmission intervals (ie, not includ-
ing duration of hospital stays) starting from the discharge date
of their index admission. The final at-risk interval for each
individual runs from their last documented discharge to end
of study (March 31, 2014), with individuals being censored
after their last discharge. Time-at-risk was calculated both for
all-cause readmissions and for readmissions with a primary
diagnosis of COPD only. The model analyzed the readmission
rates for patients according to their index admission (before
program implementation, during year 1 of program delivery,
or beyond year 1) and included as covariates gender, hospital,
age, number of previous readmissions (1, 2, 3,4, 5, and >5),
fiscal year, and resource intensity weight (RIW, a relative
measure of a patient’s total resource use, used here as a proxy
for severity of illness).? This “counting process” model, an

extension of the Cox regression model, estimates hazard
ratios (HR) and cumulative mean readmissions by index
COPD period adjusted for covariates.® Standard errors were
calculated using the robust sandwich variance estimator to
account for the nonindependence of multiple readmissions
by a single individual. Linear regression modeling was used
to compare average length of stay (LOS) for COPD read-
missions in relation to the program. Log-transformed LOS
was regressed against covariates age, gender, hospital, RIW,
and fiscal year, and the best-fit model was selected using
backward stepwise elimination of nonsignificant interaction
terms. The nonindependence of observations on individuals
was accounted for using generalized estimating equations
(GEE) model fitting.

Intervention

Home visit aimed at assessing patients’ vitals, symptoms,
review of medications, inhaler technique, immunization
status, review of self-management information including
deep breathing, relaxation exercises, effective cough tech-
nique, and smoking cessation counseling. Moreover, patients
were also provided with teaching sessions regarding COPD
management with emphasis on early detection of a flare up
and encouragement to discuss with their family physician
and to obtain prescriptions for antibiotics and prednisone.
Written information was provided in patient’s language
(when available). If no written plan and/or prescriptions
had been previously provided by the family physician,
the patient encouraged to make appointment and discuss
with family physician an alternate plan of action for future
exacerbations. Support and education for family members,
caregivers, facility, and home support care staff were also
provided.

COPD teams proactively informed primary care physi-
cians via faxed letter (usual) or phone call (if more urgent
matter), regarding the disposition of their patients, respiratory
status, and any outstanding issues from home visit, and pro-
vided with suggestions for treatment or changes to treatment
based on COPD guidelines including referral for outpatient
spirometry if it had not been done previously or if it needed
repeating, as well as referral for pulmonary rehabilitation or
specialist respiratory consultations if indicated.

Community support services were provided if ongoing
chronic disease management needed beyond 3 months
(respiratory therapy, physiotherapy, occupational therapy,
social worker, home support, meal delivery service, etc.). After
discharge from formal follow-up in program, patient encour-
aged to contact team for any future questions or issues.
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Table S| Parameter estimates from Cox regression model for all-cause readmissions

Parameter Estimate SE Chi-square P-value Hazard ratio
Gender male -0.011 0.061 0.034 0.854 0.989
Facility A —0.092 0.077 1.436 0.231 0912
Facility B —0.250 0.094 7.009 0.008 0.779
Facility C —-0.171 0.078 4.788 0.029 0.843
Facility D 0.152 0.075 4.131 0.042 1.164
Age —0.005 0.003 3.146 0.076 0.995
Program year | —0.602 0.105 32.809 <0.001 0.548
Program year 2 —0.683 0.154 19.571 <0.001 0.505
Fiscal year 2012/13 0.842 0.108 61.296 <0.001 2.321
Fiscal year 2013/14 1.095 0.148 54.791 <0.001 2.988
Readmissions =I 0.962 0.068 202.381 <0.001 2617
Readmissions =2 1.451 0.090 258.780 <0.001 4.269
Readmissions =3 2.130 0.111 371.394 <0.001 8417
Readmissions =4 2.088 0.131 254.700 <0.001 8.072
Readmissions =5 2.563 0.165 240.134 <0.001 12.976
Readmissions >5 3.177 0.136 542.089 <0.001 23.974
Resource intensity wt —0.089 0.023 14.765 0.000 0915

Notes: Estimates and hazard ratios relative to reference categories for gender (females), facilities (reference hospital), index COPD fiscal year (preprogram), fiscal
year (2011/12), and number of readmissions (0).
Abbreviations: SE, standard error; wt, weight.

Table S2 Parameter estimates and hazard ratios from Cox regression model for MR Dx COPD readmissions

Parameter Estimate SE Chi-square P-value Hazard ratio
Gender male 0.022 0.082 0.072 0.789 1.022
Facility A —0.195 0.099 3.869 0.049 0.823
Facility B —0.249 0.119 4.350 0.037 0.780
Facility C —-0.173 0.104 2.741 0.098 0.841
Facility D —0.004 0.107 0.002 0.968 0.996
Age —-0.010 0.003 9.683 0.002 0.990
Program year | —-0.301 0.116 6.766 0.009 0.740
Program year 2 —-0.332 0.184 3.253 0.071 0.717
Fiscal year 2012/13 0.546 0.129 17.892 <0.001 1.727
Fiscal year 2013/14 0.721 0.187 14.808 <0.001 2.056
Readmissions =1 1.095 0.087 158.958 <0.001 2.989
Readmissions =2 1.809 0.121 222215 <0.001 6.105
Readmissions =3 2310 0.150 238.241 <0.001 10.079
Readmissions =4 2.299 0.192 143.789 <0.001 9.966
Readmissions =5 3.046 0.225 183.508 <0.001 21.026
Readmissions >5 3.671 0.248 218.270 <0.001 39.279
Resource intensity wt -0.112 0.034 10.639 0.001 0.894

Notes: Estimates and hazard ratios relative to reference categories for gender (females), facilities (reference facility), index COPD fiscal year (preprogram), fiscal
year (2011/12), and number of readmissions (0).
Abbreviations: SE, standard error; wt, weight; MR Dx COPD, primary diagnosis of COPD.

Table S3 Mean LOS in days among inpatients with primary diag-

nosis of COPD during selected periods before and after program

implementation

Program

LOS (95% Cl)

Preprogram
Program year |
Program year 2

10.81% (7.31-1431)
8.32° (6.67-9.97)
6.80° (5.56-8.03)

Notes: Letters indicate significant differences between program years at P<<0.05;
*Program year | vs preprogram, "Program year 2 vs preprogram.

Abbreviations: Cl, confidence interval; LOS, length of stay.
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