Pulmonary Rehabilitation for Patients After COPD Exacerbation
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BACKGROUND: The aim of this study was to clarify the effectiveness of pulmonary rehabilita-
tion in patients after exacerbations of COPD and to explore the initiation timing of pulmonary
rehabilitation. METHODS: Systematic review and meta-analysis were performed to assess the
effects of pulmonary rehabilitation in subjects with exacerbations of COPD on mortality and
readmission compared with usual care. We searched for studies published up to October 2020 in
MEDLINE, Embase, Cochrane Library, and other sources. Risk of bias was assessed for the
randomization process, deviations from intended interventions, missing outcome data, outcome
measurements, and selection of the reported result using the Risk of Bias 2 tool. We pooled mor-
tality and readmission data and performed comparisons between pulmonary rehabilitation and
usual care. The subgroup analysis compared pulmonary rehabilitation at different start times
(early: < 1 week from admission; and late: > 1 week from admission). RESULTS: We identified
10 randomized trials (1,056 participants). Our meta-analysis showed a clinically relevant reduction in
readmission up to 3-6 months after pulmonary rehabilitation in both early group (4 trials, 190 sub-
jects; risk ratio [RR] 0.58, [95% CI 0.34-0.99]) and late group (3 trials, 281 subjects; RR 0.48, [95%
CI 0.32-0.71]). However, pulmonary rehabilitation had no significant effect on mortality 1 y later
compared with usual care (4 trials, 765 subjects; RR 1.27, [95% CI 0.91-1.79]). CONCLUSIONS:
Pulmonary rehabilitation showed short-term effects for subjects with exacerbations of COPD
even if initiated within 1 week; however, further study is required to determine its long-term
effects. Key words: chronic obstructive pulmonary disease; exercise; hospitalization; meta-analysis;

mortality; rehabilitation. [Respir Care 2022;67(3):360-369. © 2022 Daedalus Enterprises]

Introduction

Pulmonary rehabilitation is important for managing dis-
ease in patients with COPD because it reduces symptoms,
increases exercise capacity, improves survival, and reduces
hospitalization rates in patients with COPD.'”* However,
many previous studies have included only subjects with sta-
ble COPD, and the effects of pulmonary rehabilitation
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initiated early after hospital admission for patients with
COPD remain unknown. After exacerbations of COPD,
meta-analysis has shown that rehabilitation initiation within
4 weeks of hospitalization is effective*; but there are no
clear results for earlier initiation, particularly during the
hospitalization period. In recent years, a large randomized
controlled trial (RCT) has shown that starting early rehabil-
itation within 48 h of hospitalization is associated with
higher mortality after 1 y.°> Even the global guidelines
regarding the effects of the timing of pulmonary rehabilita-
tion initiation differ. The 2011 guidelines of the National
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Institute for Health and Care Excellence recommend that
rehabilitation be initiated for patients hospitalized with
COPD exacerbations.® However, as per the 2017 guidelines
of the European Respiratory Society and the American
Thoracic Society, the result of the RCT® was considered
important; and thus, they suggested that pulmonary rehabil-
itation should not be initiated for patients hospitalized with
COPD exacerbations.” As such, there is no clear recom-
mendation on when to start rehabilitation. In particular, a
history of exacerbations has been reported to increase the
risk of hospitalization, which is an important prognostic
factor for decreased survival.® COPD exacerbation has also
been reported to affect the progression of emphysema.’ As
such, prevention of exacerbations of COPD is an important
treatment strategy; and thus, whether pulmonary rehabilita-
tion is associated with readmission and mortality should be
examined. In the meta-analysis conducted by Puhan et al,"”
while rehabilitation for subjects with COPD after exacerba-
tion showed a moderate evidence of reducing readmissions,
the results obtained were heterogeneous. This meta-analy-
sis did not consider differences in the initiation timing, and
the impact of initiation time remained unclear.

Therefore, the current systematic review and meta-analy-
sis were conducted to evaluate the effectiveness of pulmo-
nary rehabilitation in patients after exacerbations of COPD.
Then, a subgroup analysis was performed to explore the
initiation timing of pulmonary rehabilitation. This study
evaluated the effects of rehabilitation on mortality and read-
mission in patients with COPD.

Methods
Search Methods for Identifying Studies

We performed this study according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
Statement for meta-analyses and systematic reviews.'' We
searched for studies published up to October 2020 in the fol-
lowing electronic databases: Cochrane Central Register of
Controlled Trials, MEDLINE, Embase, CINAHL, PubMed,
and OvidSP. By carrying out discussions with an academic
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librarian, we finalized the search strategy and modified it
appropriately for each database. The search strategy com-
prised a combination of free-text words; words used in titles;
and/or abstracts and medical subject headings, including
“lung diseases obstructive OR chronic obstructive lung dis-
ease OR chronic obstructive pulmonary disease,” “rehabilita-
tion OR exercise OR physical endurance OR muscle training
OR resistance training OR exercise therapy OR aerobic train-
ing OR endurance training,” and “randomized, controlled
trial OR randomized” (Appendix A, see related supplemental
material at http://www.rcjournal.com). The search strategy
was limited to the inclusion of only peer-reviewed publica-
tions that involved human participants. In order to ensure that
the search strategy covered all the topic-related studies, we
included different terms and spellings that are used world-
wide. In addition, language restrictions were not applied.

Inclusion and Exclusion Criteria

In this review, we included studies that evaluated the
effectiveness of pulmonary rehabilitation on patient prog-
nosis after exacerbation of COPD. The primary outcome
was readmission for up to 3—6 months. First, we evaluated
readmissions at 3 months; and if 3-month data were not
available, we added readmissions at 6 months. The second-
ary outcomes included readmission within 1 y and mortal-
ity 1y later.

The studies that met all of the following criteria were
considered eligible: (1) RCT study design, (2) study
involved subjects after experiencing exacerbations of
COPD, (3) study compared pulmonary rehabilitation and
usual care, (4) study reported on at least one of the above-
mentioned outcome measures, (5) pulmonary rehabilitation
was initiated during admission for an exacerbation or
within 4 weeks of hospital discharge after exacerbation,
and (6) pulmonary rehabilitation was provided for more
than 1 month. All published and unpublished RCTs were
included. Animal and in vitro studies were excluded.

Data Extraction

To determine relevance, titles and abstracts that contained
key terms were independently screened by 2 investigators
(MS and SK) based on the above inclusion criteria. If a deci-
sion could not be made based on the title and abstract alone,
it was left for screening. The corresponding full-text articles
were subsequently retrieved to assess the eligibility of the
articles remaining in the screening, which then determined
their inclusion in the study. Disagreements, if any, were
resolved by consulting and discussing with a third author
(SY). The following data were recorded from each study: the
intervention details and comparison method, subjects (num-
ber) that were randomly assigned to each group as well as
attrition, outcome data, first author’s name, publication year,
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Fig. 1. Flow chart.

blinding, subject age, intervention period and follow-up du-
ration, hospital length of stay, pulmonary rehabilitation pro-
gram completion rate, and adverse events. When data were
insufficient, the authors were contacted and unpublished data
were requested. Wherever possible, data were collected on
an intention-to-treat basis.

Assessment of Risk of Bias in the Included Studies

The quality of each study was independently assessed by
MS and SK using the Risk of Bias 2 tool as per the Cochrane
Handbook for Systematic Reviews of Interventions.'? In
cases of differing assessments, the third author (SY) was
consulted for a final decision on the assessment.

Meta-Analysis and Subgroup Analysis

We divided subjects into 2 groups: the pulmonary reha-
bilitation group and the usual-care group. To explore the
initiation timing of pulmonary rehabilitation, subgroup
analysis was planned for the early (= 1 week from admis-
sion) and late (> 1 week from admission) groups based on
the initiation timing of pulmonary rehabilitation. Data syn-
theses and analyses were performed using Review Manager
version 5.3. For outcomes, pooled risk ratios (RRs) were
calculated.

The Tau?, 12, and chi-square statistics were used to deter-
mine the statistical heterogeneity in each meta-analysis as
per the Cochrane Handbook for Systematic Reviews of
Interventions.'* Heterogeneity was regarded as substantial
when I” was > 50% and the P value for heterogeneity was
< .05. To increase the validity of the test results, a sensitiv-
ity analysis was performed to determine whether a high risk
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of bias of some of the included studies affected the study
results. When = 10 studies were included in a meta-analy-
sis, a funnel plot was created, and its asymmetry was visu-
ally examined to explore any publication bias. A high risk
of bias was defined as follows: (1) insufficient random
sequence generation, (2) insufficient allocation conceal-
ment, or (3) many high-risk domains.'?

Results

According to our search strategy, 2,390 records were
identified in the initial search.'! In addition, 2 other studies
were found via hand searching.'*'> A total of 29 duplicate
studies, 254 reviews, and 15 animal or in vitro studies were
excluded. The full texts of the remaining 19 studies were
retrieved, and finally, 10 RCTs met our inclusion crite-
ria.>'*? Figure 1 shows the screening process and the rea-
sons for excluding studies.

Quality and Bias Assessment in the Included Studies

Table 1 summarizes the risk of bias for each study. The
risk of bias was high in 3 (30%) studies with deviations
from intended interventions, one (10%) study with missing
outcome data, and 3 (30%) studies with overall risk of bias.

Study Characteristics

The characteristics of the included RCTs and participant
information are presented in Table 2. Five RCTs™>!>!6:18:19
had started pulmonary rehabilitation = 1 week from admis-
sion, whereas 5 RCTs'*'7?%?? had started pulmonary reha-
bilitation > 1 week from admission. A total of 1,056
participants were included in the 10 RCTs. In one RCT, the
intervention groups received 4—8 weeks of pulmonary reha-
bilitation; in 2 RCTs, the intervention groups received 6
weeks of pulmonary rehabilitation; in one RCT, the inter-
vention group received 7 weeks of pulmonary rehabilita-
tion; and in the remaining RCTs, the intervention groups
received 8 or more weeks of pulmonary rehabilitation.

Readmissions for up to 3—6 Months

Seven RCTs with 471 subjects were included in the analy-
sis of readmission for up to 3-6 months. Participants who
underwent pulmonary rehabilitation had a significantly lower
risk of readmission for up to 3—6 months following the initial
admission (RR 0.51, [95% CI 0.37-0.70]; participants =
471; studies = 7; Fig. 2). There was no significant heteroge-
neity (chi-square = 3.97, P = .68, I = 0%). In subjects who
had received pulmonary rehabilitation, significant decreases
in readmission for up to 3—6 months were found in both the
early (RR 0.58, [95% CI 0.34-0.99]; participants = 190;
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Table 1.  Risk of Bias

Deviations From

Study Year Randomization Intended Missing Outcome Data Outcome Measurements Selection of the Overall
Process . Reported Result
Interventions

Behnke et al'® 2000 (] (]

Manat al'’ 2004 ) (] (] (] (]
Murphy et al'® 2005 [ ] [ ] [ ] [ ] [
Eatonetal”® 2009 [ [ [ [ )

Seymour et al'* 2010 ® (] ® ®

Ko et al* 2011 [ ] [ (] (]

Greening et al® 2014 (] (] (] (]

Ko et al®! 2017 ® (] (] (]

Cox et al'? 2018 [ ] [ ] [ ] [ ] [ ] [
Ko et al*? 2020 () [ [ [ )

®: Low risk, Some concerns, @: High risk.

studies = 4; I = 0%) and late subgroups (RR 0.48, [95% CI
0.32-0.71]; participants = 281; studies = 3; P =0%).

Readmissions within 1 Year

Four RCTs with 765 subjects were included in the
analysis of readmission within 1 y. Participants who
underwent pulmonary rehabilitation had a significantly
lower risk of readmission 1 y following the initial admis-
sion (RR 0.89, [95% CI 0.78-1.00]; participants = 765;
studies = 4; I = 83%; Fig. 3). In subjects who had
received pulmonary rehabilitation, significant decreases
in readmissions within 1 y were found in the late sub-
group (RR 0.70, [95% CI 0.58-0.85]; participants = 376;
studies = 3; I> = 66%). The early subgroup included
only one RCT, and no significant difference was
observed between the participants who received pulmo-
nary rehabilitation and those who received usual care
(RR 1.08, [95% CI 0.92-1.27]; participants = 389;
study = 1).

Mortality 1 Year Later

Four RCTs with 765 subjects were included in the
analysis of mortality 1 y later. The overall results showed
that no significant difference was observed between the
patients who received pulmonary rehabilitation and those
who received usual care (RR 1.27, [95% CI 0.91-1.79];
participants = 765; studies = 4; I*> = 17%; Fig. 4). The
substantial heterogeneity was explained by the subgroup
analysis. There was a significant increase in the early
subgroup (RR 1.56, [95% CI 1.04-2.33]; participants =
389; study = 1) but no significant difference in the late
subgroup (RR 0.77, [95% CI 0.39-1.51]; participants =
376; studies = 3; I = 0%). Heterogeneity was lower

RESPIRATORY CARE ® MARCH 2022 VoL 67 No 3

after the subgroup analysis compared with the pre-sub-
group analysis.

Sensitivity Analysis

The reliability of results was assessed using a sensitivity
analysis. The meta-analysis was repeated without the inclu-
sion of studies with many high-risk domains'> or few
events,'®82022 regpectively. In the analysis of readmissions
for up to 3—6 months, this omission changed the results
such that there was no significant difference between pul-
monary rehabilitation and usual care in the early subgroup
(Figures B.1-B.3, see related supplemental material at
http://www.rcjournal.com.).

Adverse Events

Adverse events in included studies were described in 3
articles, and no intervention-related adverse events were
observed.

Discussion

The present study indicated that there was a significant
decrease in readmission for up to 3-6 months and within 1y in
the participants who received pulmonary rehabilitation compared
with those who received usual care. Furthermore, significant
decreases in readmission for up to 3-6 months in pulmonary
rehabilitation were found for both the early and late subgroups.
The results for mortality 1 y later indicated that there were no sig-
nificant differences between pulmonary rehabilitation and usual
care. Based on the results of the present study, pulmonary reha-
bilitation had a short-term (3-6 months) beneficial effect in sub-
jects with exacerbations of COPD even if it was initiated within
1 week of admission, similar to after 1 week from admission.
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Short-Term Effects

The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) reports a high level of evidence indicating
that pulmonary rehabilitation improves dyspnea, health sta-
tus, and exercise tolerance in stable patients."* Additionally,
pulmonary rehabilitation after exacerbations of COPD has
been noted, and the initiation of pulmonary rehabilitation

Mortality 1y
Later

Readmissions
Within 1y

a & within 3 months has been shown to be significantly associ-
23 ated with a reduced risk of death at 1 y.>* In a recent sys-
%; tematic review, although heterogeneity existed, pulmonary
o5 rehabilitation initiated within 3 weeks after discharge reduced
g the rate of readmission and mortality.'” Studies reported in
g gfg GOLD also reported that pulmonary rehabilitation within 4
E 33 weeks of prior hospitalization reduced hospitalization among
£ participants who experienced a recent exacerbation.*
]

The GOLD also states that the effect of pulmonary rehabil-
itation before discharge remains unclear. In the present meta-
analysis, pulmonary rehabilitation has a short-term (3-6
months) effect on participants with exacerbations of COPD
even if it is initiated within 1 week of admission. The meta-
analysis about early mobilization among critically ill subjects
reported that there were no adverse effects even if pulmonary
rehabilitation was initiated within 1 week of ICU admission.?
This study newly indicated that short-term effects for subjects
with exacerbations of COPD were observed in addition to no
adverse effects, similar to the previous study.

The findings also indicated that there was no difference in
the timing of rehabilitation initiation and that there were no
short-term adverse effects from starting early. Several studies
have compared differences in the timing of rehabilitation ini-
tiation in participants with COPD after exacerbation. Revitt et
al*® compared a group that received rehabilitation within 4
weeks of discharge with a group that received rehabilitation
starting at 7 weeks and found that the subjects who received
pulmonary rehabilitation sooner after exacerbations of COPD
showed better improvements than the delayed group.
However, no firm conclusions could be drawn because of the
significantly small sample number. In a study that initiated
rehabilitation earlier, no significant differences were found by
Puhan et al*’ between early pulmonary rehabilitation, which
was started within 2 weeks, and late pulmonary rehabilitation,
which was started 6 months after randomization and in a sta-

Hospital LOS

Age, Mean (SD)
Gender (%), %FEV,
(%)

Follow-Up
Duration

Training for
Intervention Group

weights lifting by
1-2/wk

upper extremity
and stretching

bike cycling, free-
exercise

Frequency:

Intervention
Period

Time to Start
Treatment

g ble state. However, their trial indicated that early rehabilita-

. % tion may lead to a faster recovery of health-related quality of

< k. life after exacerbations compared with late rehabilitation.

= g g Furthermore, pulmonary rehabilitation within 1 week after

3 - discharge led to a faster improvement in physical performance

o § g g than rehabilitation initiated later in the stable phase; however,
é é B :Ej it did not decrease the mortality rate or increase the time to
E E:‘ g:; § hospital readmission.”® Thus, early rehabilitation has been
z . g E‘* g shown to have a potential for faster recovery of physical func-
2| = g ) é tion and quality of life, but its effectiveness on mortality and
S SSE readmission is unclear.®®* The reason for the difficulty in
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PR Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight% M-H, Fixed (95% Cl) M-H, Fixed (95% CI)
Early group
Behnke et al'® 2000 1 23 3 23 3.7 0.33 (0.04-2.97) —
Cox et al® 2018 3 1 5 10 6.4 0.55 (0.17-1.72) i
Eaton et al™ 2009 1 47 16 50 18.9 0.73 (0.38-1.41) =
Murphy et al*® 2005 0 13 3 13 4.3 0.14 (0.01-2.52)
Subtotal (95% Cl) 94 96 33.2 0.58 (0.34-0.99) <@
Total events 15 27
Heterogeneity: Chi? = 1.66, df =3 (P = .64 ); 2= 0%
Test for overall effect: Z =2.01 (P = .04)
Late group
Ko et al*' 2017 17 90 33 90 40.3 0.52 (0.31-0.86) -
Man et al'” 2004 7 20 12 21 14.3 0.61 (0.30-1.24) I
Seymour et al™ 2010 2 30 10 30 12.2 0.20 (0.05-0.84) e —
Subtotal (95% Cl) 140 141 66.8 0.48 (0.32-0.71) ‘
Total events 26 55
Heterogeneity: Chi? = 1.98, df =2 (P = .37); 1= 0%
Test for overall effect: Z = 3.63 (P < .001)
Total (95% ClI) 234 237 100 0.51 (0.37-0.70) L 2
Total events 41 82
Heterogeneity: Chi? = 3.97, df =6 (P = .68); 1> = 0% T T T T
Test for overall effect: Z = 4.12 (P < .001) 0.005 0'.1 1 10 200
Favors experimental Favors control

Test for subgroup differences: Chi? = 0.30, df =1 (P = .59), I> = 0%

Fig. 2. The effect of pulmonary rehabilitation versus usual care on readmissions for up to 3-6 months. PR = pulmonary rehabilitation.

PR Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight % M-H, Fixed (95% CI) M-H, Fixed (95% CI)
Early group
Greening et al° 2014 122 196 1M1 193 47.8 1.08 (0.92-1.27)
Subtotal (95% Cl) 196 193 47.8 1.08 (0.92-1.27)
Total events 122 1M1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.95 (P = .34)
Late group
Ko et al* 2011 16 30 13 30 5.6 1.23 (0.73-2.09) T
Ko et al*' 2017 44 90 63 90 26.9 0.70 (0.54-0.90) -
Ko 2020 26 68 46 68 19.7 0.57 (0.40-0.80) -
Subtotal (95% CI) 188 188 52.2 0.70 (0.58-0.85) ‘
Total events 86 122
Heterogeneity: Chi? = 5.86, df = 2 (P = .05); I = 66%
Test for overall effect: Z = 3.63 (P < .001)
Total (95% Cl) 384 381 100 0.89 (0.78-1.00) L
Total events 208 233
Heterogeneity: Chi? = 17.29, df = 3 (P <.001); I = 83% 0.61 O.'1 1 1'0 10'0
Test for overall effect: Z = 1.94 (P = .05) Favors PR Favors control

Test for subgrou differences: Chi2 = 11 .35, df = 1 (P <.001), 1> = 91.2%

Fig. 3. The effect of pulmonary rehabilitation versus usual care on readmissions within 1 y. PR = pulmonary rehabilitation.

presenting clear results in these studies may be the small num-
ber of subjects. The integration of the results of multiple stud-
ies in the present meta-analysis indicates that pulmonary
rehabilitation has a short-term (3—6 months) effect for subjects
with exacerbations of COPD even if it is initiated within 1
week of admission.

RESPIRATORY CARE ® MARCH 2022 VoL 67 No 3

Long-Term Effects

However, similar to the guidelines, no significant
results were obtained for the long-term (1 y) effects of pul-
monary rehabilitation. This result is due to the fact that
there are few papers with a long-term follow-up period of
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PR Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight% M-H, Fixed (95% Cl) M-H, Fixed (95% CI)
Early group
Greening et al®* 2014 49 196 31 193 64.1 1.56 (1.04-2.33) Hl-
Subtotal (95% CI) 196 193 64.1 1.56 (1.04-2.33) ’
Total events 49 31
Heterogeneity: Not applicable
Test for overall effect: Z =2.15 (P = .03)
Late group
Ko et al* 2011 0 30 2 30 5.1 0.20 (0.01-4.00)
Ko et al*' 2017 10 90 12 90 24.6 0.83(0.38-1.83) —
Ko 2020 3 68 3 68 6.2 1.00 (0.21-4.78) D
Subtotal (95% Cl) 188 188 359  0.77 (0.39-1.51) o
Total events 13 17
Heterogeneity: Chi? = 0.92, df =2 (P = .63); I = 0%
Test for overall effect: Z = 0.75 (P = .45)
Total (95% ClI) 384 381 100 1.27 (0.91-1.79) ’
Total events 62 48
Heterogeneity: Chi? = 3.62, df =3 (P=.31); 2= 17% 0.61 O.'1 y 1'0 10'0
Test for overall effect: Z = 1.39 (P = .16) Favors PR Favors control

Test for subgrou differences: Chi? = 3.06, df = 1 (P = .08), 1> = 67.4%

Fig. 4. The effect of pulmonary rehabilitation versus usual care on mortality 1y later. PR = pulmonary rehabilitation.

1 y. Although early pulmonary rehabilitation was shown
to increase mortality at 1 y in one large-scale RCT, no
other large RCTs have been reported on this topic. In the
present meta-analysis, because few studies were included,
especially in the early group, and only one RCT was
included, the long-term effects remain unclear. In the
meta-analysis on nonpharmacologic therapies in subjects
with exacerbation of COPD, risk of readmission was simi-
lar in rehabilitation and control groups, but only one study
was included in the analysis.*® RCTs in various popula-
tions are necessary to clarify the long-term effects of pul-
monary rehabilitation for patients with exacerbations of
COPD.

Limitations

This study has several limitations. First, the definition of
the intervention was clinically heterogeneous. The training
content was not uniform and included articles in which the
exercising was unsupervised and for which the exercise
content may not have been fully controlled. Second, the
program completion rate for early pulmonary rehabilitation
after COPD exacerbation has been reported to be associated
with the risk of hospital readmissions,’’ but we did not
examine the program completion rate in this study. Third,
in the sensitivity analysis, different results were shown
when omissions were made, so care should be taken in
interpreting the results. Fourth, the impact of different ini-
tiation timings is a secondary comparison. Since the present
results suggest that starting rehabilitation early is not a bad
choice, future RCTs comparing the early and late groups
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will be necessary. These limitations should be considered
while interpreting the study results.

Conclusions

For participants with exacerbations of COPD, both early
(within 1 week of admission) and late (after 1 week from
admission) initiation of pulmonary rehabilitation reduced
hospital readmission for up to 3—6 months. Further studies
are necessary to confirm the long-term effects of pulmonary
rehabilitation, especially to compare the effects of different
initiation timings of pulmonary rehabilitation.
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