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Abstract

PURPOSE—To evaluate the relationship between the 6-minute walk distance (6MWD) and
survival in a cohort of patients with severe end-stage chronic obstructive pulmonary disease
(COPD) who received inpatient pulmonary rehabilitation (IPR) from 1995 to 2007.

METHODS—We retrospectively analyzed 815 patients with severe end-stage COPD who
received IPR. 6MWDs before and after IPR (pre-6MWD, post-6MWD) were compared to assess
whether 6MWD was significantly changed after IPR. The Kaplan-Meier survival curves were
constructed to show the relationship between survival and 6MWD. The age- and or comorbidities-
adjusted Cox proportional hazard model was applied to assess association between the survival
and the pre-6MWD, post-6MWD, or difference in 6MWD from the pre-6MWD to post-6MWD
(ABMWD).

RESULTS—Baseline demographics demonstrated a median age 74.0 years, mostly women
(60.1%), and white (89.9%) patients with significant comorbid diseases who were most recently
hospitalized in acute care facilities (95.1%). IPR significantly increased the 6MWD (mean
distance change: 86.4 m; 95% confidence interval [Cl], 81.5-91.3 m). Pre-6MWD was not
significantly associated with survival. However, post-6MWD was significantly associated with
age- and comorbidity-adjusted survival (post-6MWD hazard ratio = 1.336; 95% CI, 1.232-1.449
[post-6MWD x m relative to post-6MWD 2x m]), and A6MWD was also significantly associated
with age-, omorbidities-, and pre-6MWD-adjusted survival (A6MWD hazard ratio = 1.337; 95%
Cl, 1.227-1.457 [A6MWD x m relative to AGMWD 2x m]).

CONCLUSIONS—In patients with severe end-stage COPD, IPR significantly improved 6MWD,
and the post-6MWD and A6MWD were positively associated with the length of survival.
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Chronic obstructive pulmonary disease (COPD) is currently the fourth leading cause of
morbidity and mortality in the United States.! COPD is characterized by irreversible airflow
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obstruction and dyspnea, 2~ and patients with severe end-stage COPD usually develop
recurrent exacerbations, peripheral muscle dysfunction,6=8 and significant exercise
limitation.3:” Even though COPD is considered irreversible, several studies have identified
values for improving functional parameters including dyspnea and exercise capacity
measured by walk distance,®11 and dyspnea and exercise capacity are now considered
independent predictors of clinical outcomes in COPD.12:13

Previously the 6-minute walk test has been demonstrated as a reliable assessment of
functional exercise capacity to predict outcomes in patients with COPD.14~17 However, its
role in the assessment of patients with severe end-stage COPD has not been well-defined.
We proposed to demonstrate that the 6-minute walk distance (6MWD) is significantly
associated with survival over time among patients with severe end-stage COPD who
complete inpatient pulmonary rehabilitation (IPR). The investigation was a retrospective
review of a cohort with available outcomes data over a span of 12 years.

METHODS

A retrospective analysis was conducted using data from the pulmonary rehabilitation
program at HealthSouth Rehabilitation Hospital of Virginia (HSRHV) located in Richmond.
The ethics committees of the University of Virginia and the HSRHV approved the study
protocol. HealthSouth personnel managed data entry, and de-identified data were transferred
to the University of Virginia for analyses without links and codes.

All patients who participated in the pulmonary rehabilitation program from January 1995 to
March 2007 were captured, and demographic and clinical outcomes data of patients who
completed IPR were entered into Microsoft Access Database (Microsoft Corp, Redmond,
Washington). COPD was defined by the history of International Classification of Diseases,
Ninth Revision (ICD-9) diagnosis (491 or 492) at the time of consultation for pulmonary
rehabilitation. When patients were initially referred for pulmonary rehabilitation, complete
pulmonary function test results and referring physician notes were reviewed to confirm a
diagnosis of COPD in all patients. Admission criteria to IPR included (1) exercise
intolerance defined as inability to walk 150 ft in 2 minutes without oxygen desaturation or to
perform activities of daily living without severe dyspnea or oxygen desaturation; (2)
existence of identifiable rehabilitation goals; (3) ability to participate in IPR; (4) readiness to
undergo the rehabilitation program medically, cognitively, and emotionally; and (4)
abstinence from smoking at the time of admission and during IPR. Approximately 80% of
patients referred to the program were admitted. The remaining 20% were not for a variety of
reasons including patient refusal or failure to meet the admission criteria. Among all entries,
patients were excluded from our analyses if they did not carry a diagnosis of COPD on
admission, or if 6MWD or mortality data were incomplete (Figure 1).

Pulmonary Rehabilitation Program

The IPR program was designed for patients requiring inpatient 24 hours/day nursing care as
well as daily medical evaluation and intervention by a board-certified rehabilitation
physician. Each patient was required to be able to participate in rehabilitation for 3 hours
each day, 5 days a week. Typically patients received equal time with physical therapy and
occupational therapy. Speech language pathology was added for voice therapy, cognitive
therapy, or dysphagia. Exercise regimens with physical therapy focused on ambulation,
transfers, stair climbing, and increasing exercise tolerance. Occupational therapy focused on
breathing techniques, energy conservation, activities-of-daily-living performance, adaptive
equipment for home, and basic homemaking tasks. Patients also received nutritional
intervention from certified dietitians focusing on dietary supplements and lifestyle
modification. The decision to discharge a patient was determined by standard inpatient
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rehabilitation discharge criteria: (1) no longer need 24-hour nursing care, (2) physician
decision, (3) patient deemed able to physically access home safely, (4) family/patient
capable of managing care needs at home, and/or (5) patient determined to have reached
maximum benefit from therapy.

Collection of Data and Outcomes Definitions

Patients were followed through the entire length of participation in pulmonary rehabilitation.
On the day of admission, patients were oriented to the program. During the orientation
period, patients were asked to complete a baseline 6-Minute Walk Test, which was repeated
within 24 hours before discharge. Primary outcomes for effectiveness of pulmonary
rehabilitation were the 6MWD and overall mortality after IPR. 6MWD was measured
according to the American Thoracic Society guidelines.1® Mortality data were retrieved
from US Social Security Death Index. All data entries were censored as of March 27, 2007,
and statistical analyses were performed.

Statistical Methods

RESULTS

Demographics and past medical history were described as a mean * standard deviation or
percent. Pre- and postrehabilitation 6MWD (m) was analyzed by way of a linear mixed-
effects model. Nonparametric survival curves were estimated via the Kaplan-Meier
estimator. Age-alone-adjusted and age- and comorbidity-adjusted log-hazard ratios were
estimated via the Cox proportional hazard model. Corresponding hazard ratios were
obtained by the inverse exponential transformation of the log-hazard ratio. The Grambsch
and colleagues weighted residual proportional hazard test was utilized to evaluate the Cox-
proportional hazard assumption.1® To avoid violating the Cox proportional hazard
assumption, 6BMWD data utilized as covariate information were transformed to the natural
logarithmic scale. The Cox model was designed to evaluate hazard ratios between survival
and 3 distinctive assessments of the 6MWD: pre-6MWD (at the beginning of pulmonary
rehabilitation); post-6MWD (at completion of pulmonary rehabilitation); and change in
6MWD (A6MWD) (post-6MWD minus pre-6MWD). For the pre-and post-6MWD, we
compared how doubling 6MWD impacted age-adjusted versus age- and comorbidity-
adjusted hazard ratios. In assessing the hazard ratio between the survival and A6MWD, the
hazard ratio was adjusted with age alone; age and comorbidities; or age, comorbidities, and
pre-6MWD. The statistical software packages SAS, Version 9.3 EA (SAS Institute Inc,
Cary, North Carolina) and S-Plus, Version 7.3 (Insightful Inc, Seattle, Washington) were
utilized to conduct the statistical analyses.

A total of 1,321 patient entries to IPR were captured for analyses. From these entries, we
selected entries corresponding to ICD-9 diagnosis of COPD with complete 6-minute walk
test and survival data (alive or deceased) (Figure 1). This subset of data consisted of 815
inpatient entries, which had complete comorbidity data, vital statistics, baseline and final
6MWD data, and mortality data. This group was primarily women (60.1%), white (89.9%),
married (44.4%), widowed (39.6%), and mostly from other acute care facilities (95.1%),
with a mean age of 73.4 years (Table 1). More than half of the patients had a high school or
less education. The 9 most prevalent comorbid diseases were pneumonia (23.8%), coronary
artery disease (22.4%), diabetes (20.5%), arrhythmia (19.9%), depression/anxiety (15.8%),
degenerative joint disease/osteoarthritis (14.7%), cancer (12.5%), respiratory failure related
to other than coronary artery bypass graft (CABG) surgery (10.6%), and postoperative
CABG respiratory failure (8.8%). In combination, the description of patients demonstrated
the presence of severe, end-stage COPD and other multiple comorbid diseases, which
necessitated pulmonary rehabilitation in an inpatient facility.
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The IPR increased mean 6MWD from the baseline, 99.6 m (SD = 69.7; 95% confidence
interval [C1], 94.8-104.4 m) to 186.0 m (SD = 82.26; 95% Cl, 180.3-191.6 m) (Figure 2A).
The mean improvement in A6MWD was 86.39 m (95% CI 81.5-91.3 m, P <.001) (Figure
2B).

Kaplan-Meier Curves of 6MWD and Length of Survival

The pre-6MWD, post-6MWD, and A6MWD were divided into tertiles according to
magnitude. After stratified according to these tertiles, but not adjusted for ages and
comorbidities, Kaplan-Meier survival curves were constructed (Figures 3A-3C). For
pre-6MWD, the upper tertile was greater than 122 m, middle tertile 58 to 122 m, and lower
tertile less than 58 m with respective median survival times of 45.9 months (95% Cl, 40.0-
54.6), 38.3 months (95% Cl, 33.5-44.5), and 31.0 months (95% Cl, 24.9-35.9). For
post-6MWD, the upper tertile was greater than 215 m, middle tertile 152 to 215 m, and
lower tertile less than 152 m with respective median survival times of 49.1 months (95% ClI,
43.0-56.8), 36.8 months (95% ClI, 33.1-43.5), and 28.9 months (95% Cl, 23.8-33.6). For
AB6MWD, the upper tertile was greater than 113 m, middle tertile 52 to 113 m, and lower
tertile less than 52 m with respective median survival times of 50.4 months (95% Cl, 42.9-
58.8), 34.4 months (95% Cl, 29.7-40.7), and 33.7 months (95% ClI, 29.1-39.0). Survival
curves of the pre-6MWD and post-6MWD demonstrated that patients in the upper tertiles
had longer length of survival than the middle tertiles, and the middle tertiles longer than the
lower tertiles (P = .003 and <.001, respectively) (Figures 3A and 3B). However, survival
curves of the AGMWD demonstrated that those in the upper tertile of the AGMWD had
longer length of survival than the middle and lower tertiles (P < .001), but the survival
curves of the middle and lower tertiles were similar (Figure 3C).

Cox Proportional Hazard Ratio of 6MWD and Survival

To further characterize the relationships between the length of survival and the 6-minute
walk test, pre-6MWD, post-6MWD, and A6MWD data were treated as continuous
predictors, and age-only-adjusted and age- and comorbidity-adjusted Cox proportional
hazard ratios were estimated (Table 2). This Cox model tested the effects of 6MWD on
length of survival of 2 patients if their 6MWDs had a 2-fold difference. According to this
Cox model, those who had a shorter 6MWD were expected to have shorter survival, thus
higher hazard ratios, than those who walked longer. In the age-adjusted Cox model, 2-fold
differences in pre-6MWD were found to be minimally associated with the length of survival
(hazard ratio = 1.056; 95% CI, 1.000-1.116). After adjusting for age and the 9 most
prevalent comorbidities, the relationship was minimally changed and still marginal at best
(hazard ratio = 1.058; 95% CI, 1.001-1.118). Conversely, in the age-only adjusted Cox
model, 2-fold differences in post-6MWD were found to be significantly associated with the
length of survival (hazard ratio = 1.337; 95% CI, 1.234-1.448). This relationship still
remained significant and strong even after the hazard ratio was adjusted for age and the 9
most prevalent comorbidities (hazard ratio = 1.336; 95% Cl, 1.232-1.449).

In addition, the magnitude of 6MWD improvement (A6MWD) was considered as a direct
beneficial effect of IPR. To elucidate the effects of the IPR on the survival of patients with
severe end-stage COPD, the Cox model was applied to the A6MWD and survival as
described previously. In the age-adjusted Cox model, 2-fold differences in the A6GMWD
were weakly associated with survival (hazard ratio = 1.062; 95% CI, 0.993-1.136). This
relationship still remained marginal when adjusted for the age and the 9 most prevalent
comorbidities (hazard ratio = 1.056; 95% CI, 0.987-1.130). Because greater than 95% of
patients with COPD in the database were directly admitted from acute care facilities, the
pre-6MWD was considered as a composite measure of effects from preexisting COPD and
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acute illness—related hospitalization. Consequently, the Cox model of the A6MWD and
survival was further adjusted with the pre-6MWD in addition to the age and comorbidities.
As expected, adjustment with the pre-6MWD demonstrated highly significant association
between the A6GMWD and survival (hazard ratio = 1.337; 95% Cl, 1.227-1.457). The Cox
model of the AGMWD and survival demonstrated that the magnitude of the AGMWD after
IPR was highly associated with the length of survival after adjusted for age, comorbidities,
and pre-6MWD in patients with severe end-stage COPD.

DISCUSSION

This observational cohort study has significant findings regarding the 6-minute walk test and
survival in patients with severe end-stage COPD. First, 6BMWD in patients with severe end-
stage COPD was significantly improved following IPR. Second, 6MWD at completion of
IPR was more strongly associated with survival than 6MWD at the beginning of the IPR.
Third, the magnitude of 6BMWD improvement after IPR was strongly associated with
survival only when adjusted for baseline functional status (pre-6MWD). This indirectly
suggests that IPR improved survival in patients with severe end-stage COPD by increasing
functional capacity measured by the 6-minute walking test. Even though this study was not a
randomized controlled trial and was possibly confounded by uncontrolled variables such as
the natural history of recovery from an acute illness, results are provocative. Findings are
specific to IPR and are uniquely different from out-patient pulmonary rehabilitation.

Limitation of exercise capacity is a hallmark of disability in COPD and is associated with
poor health—related quality of life, increased morbidity, and higher mortality.”:14:20=22 Thjs
association is more notable among patients with severe end-stage COPD because activity
tolerance is significantly limited. This study demonstrated that even in severely disabled
COPD patients, pulmonary rehabilitation effectively improved exercise capacity measured
by 6MWD and that 6MWD was strongly associated with survival. These findings are in
agreement with several previously published studies of patients with COPD who received
pulmonary rehabilitation.#14:23-26 However, a larger number of subjects in the present
study offer stronger evidence for the 6-minute walk test to predict mortality among patients
with severe end-stage COPD. In addition, this study is one of the largest studies to
inveszt;ggge the beneficial role of the IPR in patients with severe end-stage COPD to this
date.c’™

Of the 3 6MWD measurements tested in this study, pre-6MWD was deemed not only the
most important but also the most confounded assessment. Because most of the subjects were
admitted directly from acute care hospitals or skilled nursing facilities, pre-6MWD was
thought to be significantly confounded by detrimental influences of acute illness and
hospitalization on activity tolerance. As expected, it was only weakly associated with
survival. This demonstrated that the functional capacity assessed by 6MWD in the presence
of acute illness before administering pulmonary rehabilitation is inaccurate and unreliable in
predicting mortality among patients with severe end-stage COPD. This is an important
observation because many patients with severe end-stage COPD are often denied from IPR
precisely because of severe limitation in exercise tolerance or poor functional capacity. If
exercise capacity measured by the 6-minute walk test was used to screen for eligibility for
pulmonary rehabilitation, a significant number of patients with severe end-stage COPD
could be denied from a therapy, which could provide a significant chance of survival
benefit. Unfortunately our study and database were not designed to directly ask and test such
an important clinical question. Instead, future randomized controlled studies are necessary to
answer how to evaluate and screen patients with COPD and severe functional limitations for
IPR.
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Post-6MWD was strongly associated with survival in the present study. This demonstrated
that IPR may effectively ameliorate detrimental effects of acute illness and that post-6MWD
may be an accurate marker of clinical improvement and survival after IPR in patients with
severe end-stage COPD. Our study demonstrated that AGMWD is also strongly associated
with survival only when the Cox model was adjusted with the pre-6MWD. Presuming that
pre-6MWD is a marker of the baseline exercise capacity in our population, this was a logical
finding that suggested that there may be a subgroup of patients with severe end-stage COPD
who may benefit more from IPR than others. Again this study was not designed to test such
hypothesis, but future prospective study is necessary to further investigate this issue.

CONCLUSIONS

The present study indicates that the 6-minute walk test following IPR is a marker of activity
tolerance and is also a clinical marker, which may predict the risk of mortality in this patient
population. A similar role for the 6-minute walk test has already been proposed as a part of
BODE score.16:17:26 However, the present study is the first study to demonstrate a strong
positive association between post-6MWD and survival among patients with severe end-stage
COPD who received IPR. With limited healthcare resources, future studies can be directed
to identify a subset of patients with COPD who may more likely experience significant
improvement in the post-6MWD so that our clinical approach to treat these patients can be
better guided. For example, when IPR is considered for sicker patients with severe end-stage
COPD, those who will more likely gain in the post-6MWD should be offered pulmonary
rehabilitation whereas those who will unlikely gain can be counseled on alternative
treatment goals including transplant or palliative care. Finally, randomized, prospective
studies are needed to confirm how improvement in the patients with severe end-stage COPD
would translate into savings in healthcare expenditure.
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Total inpatient pulmonary rehabilitation
(n=1321)

Complete 6-minute walk
& survival data
(n=815)

Figure 1.
Flow diagram of patient selection. ICD-9 indicates International Classification of Diseases,
Ninth Revision.
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Figure 2.

6MWD distance (m). (A) Prerehabilitation 6MWD and Postrehabilitation 6MWD. The
horizontal dotted line represents reference line at 200 m. (B) Change in 6MWD from
prerehabilitation to postrehabilitation. 6BMWD indicates 6-minute walk test.
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Figure 3.

Unadjusted Kaplan-Meier curves of 6MWD and survival (all subjects subgrouped into
tertiles according to the 6MWD). (A) Pre-6MWD and survival. (B) Post-6MWD and
survival. (C) Change in 6MWD and survival. 6MWD indicates 6-minute walk distance.
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Table 1
BASELINE CHARACTERISTICS AND COMORBIDITIES

Characteristic

Age, y, mean (SD) 73.4 (8.6)
Male/female, n (%) 325 (39.9)/490 (60.1)
Race (white), n (%) 730 (89.9)
Marital status, n (%)
Single 41 (5.1)
Married 360 (44.4)
Divorced/separated 88 (10.9)
Widowed 321 (39.6)
Admission source, n (%)
Home 29 (4.1)
Acute care facility 680 (95.1)
Other rehabilitation 6 (0.8)
Educational status, n (%)
Up through eighth grade 93 (12.1)
Some high school 106 (13.8)
High school graduate 280 (36.6)
Some college 137 (17.9)
College graduate 127 (16.6)
Postgraduate 23 (3.0

Past medical history,2 n (%)

Pneumonia 194 (23.8)
Coronary heart disease 182 (22.3)
Diabetes 167 (20.5)
Arrhythmias 162 (19.9)
Depression/Anxiety 129 (15.8)
Degenerative joint disease 120 (14.7)
Cancer 102 (12.5)
Respiratory failure 86 (10.6)
Postoperative respiratory failure 72 (8.8)

Discharge disposition

Home 728 (89.3)
Transferred to another rehabilitation facility 68 (8.3)
Skilled nursing facility 7(.9)
Transferred back to acute care facility 12 (1.5)

a - . . . . .
Denotes the set of 9 most prevalent comorbidities that were included as adjustment factors in the survival analysis.
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Table 2

COX PROPORTIONAL HAZARD MODEL SUMMARY FOR AGE AND/OR COMORBIDITY-
ADJUSTED INFLUENCE OF PRE-6MWD AND POST-6MWD ON THE RISK OF DEATH AND FOR
AGE-, COMORBIDITY-, AND PRE-6MWD-ADJUSTED INFLUENCE OF A6MWD ON THE RISK OF
DEATH

6MWD ratio Estimate p  Lower 95%, confidence limit  Upper 95%, confidence limit

Age-adjusted 6MWD and risk of death

Pre-6MWD
Log-hazard Xm:2xm 0.056 0.001 0.111
Hazard Xm:2xm 1.058 1.001 1.118
Post-6MWD
Log-hazard Xm:2xm 0.291 0.211 0.370
Hazard Xm:2xm 1.337 1.234 1.448
AGMWD
Log-hazard Xm:2xm 0.060 —0.007 0.127
Hazard Xm:2xm 1.062 0.993 1.136
Age- and comorbidity-adjusted 6MWD and risk of death
Pre-6MWD
Log-hazard Xm:2xm 0.056 0.001 0.111
Hazard Xxm:2xm 1.058 1.001 1.118
Post-6MWD
Log-hazard Xm:2xm 0.290 0.209 0.371
Hazard Xxm:2xm 1.336 1.232 1.449
ABMWD
Log-hazard Xm:2xm 0.055 —0.013 0.122
Hazard Xxm:2xm 1.056 0.987 1.130
Age-, comorbidity-, and pre-6MWD-adjusted 6MWD and risk of death
ABMWD
Log-hazard Xm:2xm 0.292 0.207 0.376
Hazard XxXm:2xm 1.339 1.231 1.457

Abbreviation: 6MWD, indicates 6-minute walk distance.
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