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Abstract

Rationale: Pulmonary rehabilitation (PR) during hospitalization
for acute exacerbations of chronic obstructive pulmonary disease
(AECOPD) occurs during a period of disease instability for the
patient, and the safety and efficacy of PR, specifically during the
hospitalization period, have not been established.

Objective: The purpose of this review is to determine the safety
and efficacy of PR during the hospitalization phase for individuals
with AECOPD.

Methods: Scientific databases were searched up to August 2022
for randomized controlled trials that compared in-hospital PR
with usual care. PR programs commenced during the
hospitalization and included a minimum of two sessions. Titles
and abstracts followed by full-text screening and data extraction
were conducted independently by two reviewers. The
intervention effect estimates were calculated through
meta-analysis using a random-effect model.

Results: A total of 27 studies were included (n= 1,317). The
meta-analysis showed that inpatient PR improved the 6-minute-
walk distance by 105 m (P, 0.001). Inpatient PR improved the
performance on the five-repetition sit-to-stand test by 27.02
seconds (P= 0.03). Quality of life (QOL), as measured by the
5-level EuroQoL Group-5 dimension version (EQ-ED-5L) and
the St. George’s Respiratory Questionnaire, was significantly
improved by the intervention. Inpatient PR increased lower limb
muscle strength by 33.35 N (P, 0.001). There was no change in
the length of stay. Only one serious adverse event related to the
intervention was reported.

Conclusions: This review suggests that it is safe and effective to
provide PR during hospitalization for individuals with AECOPD.
In-hospital PR improves functional exercise capacity, QOL, and lower
limb strength without prolonging the hospital length of stay.
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Acute exacerbations occur regularly for
many people with chronic obstructive
pulmonary disease (COPD) (1, 2). These
acute exacerbations of COPD (AECOPD)
can be severe, resulting in hospital
admissions and high healthcare costs (3, 4).
AECOPD can result in further decreases in
quality of life (QOL), lung function, and
functional status (1, 2, 5, 6) and can increase
the risk of subsequent hospitalization and
early mortality (7).

Hospitalized patients with AECOPD
are largely sedentary while in the hospital
(8), and their activity levels remain low
1month after discharge (8). As reduced
physical activity is a primary risk factor
for readmission after discharge from
AECOPD (9), an important treatment goal
is improving exercise tolerance during or
soon after AECOPD via pulmonary
rehabilitation (PR) (10).

Several clinical trials have investigated
the effect of PR during and after
hospitalization for AECOPD.Many of these
trials were subsequently analyzed in a
systematic review and meta-analyses by the
Cochrane Airway Group and published in
2016 (11). The purpose of the Cochrane
review was to examine if early PR initiated in
the hospital and/or shortly after discharge
from AECOPD improved future hospital
admissions, mortality, QOL, and exercise
capacity outcomes. The Cochrane review
investigators reported that early inpatient
PR reduced the risk of hospital admissions,
decreased mortality, and improved health-
related QOL (HRQOL). There was also
a marked improvement in exercise
capacity (11).

Despite the results of the Cochrane
review, there has been some controversy
regarding the safety of rehabilitation during
the very acute phase of an exacerbation (12),
as well as a recommendation by the ERS
(European Respiratory Society) to withhold
PR during hospitalization (13). This
recommendation was on the basis of the
study by Greening and colleagues (14),
that reported increased mortality rates at
12 months in the rehabilitation group.
However, early mobility programs and
physical therapy interventions are widely
used in critical care and acute care settings
without evidence of increasedmortality (15, 16).
It is important to note that the review on
which the ERS recommendation was based
(11) included studies in which the PR
intervention began in the hospital and

continued after discharge. Outcome
measurement, including mortality events,
occurred after the discharge period when
supervision and monitoring of the
intervention are typically less than what
would occur during the inpatient period. It
is not clear if PR delivered during hospital
admission is safe and results in changes in
health status and physical function before
discharge from the hospital. Thus, the
purpose of this systematic review is to
evaluate the safety and efficacy of
pulmonary rehabilitation in the in-hospital
period for patients admitted to the hospital
for AECOPD.

Methods

Literature Search Strategy
A systematic review of randomized
controlled trials that provided PR for
individuals hospitalized for AECOPD
compared with usual care was conducted.
A comprehensive literature search was
performed on the following bibliographic
databases: MEDLINE, EMBASE, PEDro,
CINAHL, CENTRAL, CADTH, and
PsychInfo. To capture additional literature,
a hand search of meeting abstracts from the
American Thoracic Society and the ERS
scientific conferences was conducted. The
electronic searches were supplemented by
scanning the reference lists from all retrieved
articles. Databases were searched up to
August 15, 2022.

An academic librarian provided
assistance with the development of the search
strategies. Keyword search terms and
medical subject headings were used in
MEDLINE and CENTRAL databases. For
CINAHL, we used CINAHL headings, and
for Embase, we used Emtree terms. A key
term search strategy was employed for the
PEDro and CADTH databases. A detailed
search strategy for MEDLINE is available in
Appendix E1 (see data supplement) and was
adapted for use in other databases. We
elected to substantially expand the search
strategy used in the Cochrane Review by
adding additional terms related to COPD,
hospital, and exercise interventions.
Although this approach substantially
increases the number of titles and abstracts
and full texts to screen, because of the
concerns about safety, it was important to
confirm that any randomized controlled
trials (RCTs) investigating the effects of

exercise on hospitalized patients with
AECOPDwere included.

Study Eligibility and Selection
The PICO (Population, Intervention,
Comparison, and Outcome) components
and eligibility criteria for determining studies
to include in the analysis are presented in
Table 1. We included both full peer-reviewed
articles and conference abstracts.

All retrieved studies were uploaded
into Covidence, an online systematic review
management system (www.covidence.org,
2019, Veritas Health Innovation Ltd.), and
duplicates were removed. The titles and
abstracts of articles identified by the search
strategy were assessed by two independent
reviewers according to the inclusion and
exclusion criteria. The full text of the
studies that met the inclusion criteria was
then independently evaluated by two
reviewers. Any discrepancies at any stage
were resolved by discussion and/or
consultation with a third reviewer. Initially,
we attempted to use Google Translate to
translate studies written in any language
other than English, but because of formatting
issues, this was not possible, so we excluded
eight papers that were not written in
English (17–24).

Data Extraction and Quality Assessment
Two reviewers performed data extraction of
all the included studies using a piloted data
extraction form. Information on the title,
authors, year of publication, country, source
of funding, name of the hospital and/or
department, study groups characteristics,
study design, intervention (including general
description, frequency, intensity, time and
duration, type number of intervention
sessions, and adherence), description of
control group, lung function and smoking
history, outcomes (e.g., exercise capacity
tests, muscle function, HRQOL and/or
health status, length of stay, and adverse
events) was collected. Any questions or
discrepancies regarding these data were
resolved through iteration and consensus.

We assessed bias using the Cochrane
Risk of Bias tool for RCTs (25). Two
reviewers independently assessed each study,
with final decisions made via discussion to
reach a consensus or by a third party. We
also assessed the available protocols for the
included studies using the trial registries
ClinicalTrials.gov and theWorld Health
Organization trials portal to account for
selective reporting. The GRADE (Grading of
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Recommendations, Assessment,
Development, and Evaluations) framework
was used to present the certainty of the
evidence for each of the main outcomes, and
the bias ratings for each outcome in the
studies reviewed can be found in the data
supplement (Appendix E2).

Data Synthesis and Analysis
Data were synthesized by calculating mean
differences and pooled odds ratios using
random-effects models with ReviewManager
5.4 software (RevMan, 2020) (26). The 95%
confidence interval (CI) was calculated for
each outcome. Heterogeneity was assessed by
analyzing forest plots, the Q statistic, and the
I2 statistic. I2 values more than 50% and
P values greater than 0.1 for the Q statistic
indicated significant heterogeneity (27).
When possible, we determined whether
estimates and 95% confidence limits between
study groups exceeded the minimal clinically
important difference (MCID) for each
outcome. Sensitivity analysis was undertaken
to estimate the consistency of the results by
removing each study separately
(Appendix E3).

Review Procedures
The protocol for this systematic review was
registered (CRD42021198877) with
PROSPERO (the International Prospective
Register of Systematic Reviews) (28). The
review was exempted from formal ethics
approval because it was a review of existing
published literature. Reporting of the
findings of this review followed PRISMA
(Preferred Reporting Items for Systematic
Reviews andMeta-Analyses) guidelines (29).

Results

Description of Studies
Results of the search. A total of 61,774
citations were identified through searches of
electronic databases, and 19,938 duplicates
were excluded. After screening for titles and
abstracts, 393 papers were retrieved for
detailed evaluation, and 27 records were
included in this review (14, 30–55). The
study flow diagram is shown in Figure 1.

Twenty-six studies (14, 30–37, 39–48,
50–55) were RCTs published in peer-
reviewed journals, and two studies were
published as conference abstracts (38, 49).

Studies were conducted in 11 different
countries, but the greatest single proportion
(33%) was conducted in Spain (41–44, 46, 49,
51–53). The year of publication ranged from
1998 to 2022, and 48% were published within
the last 5 years (32, 37, 38, 40–44, 46, 47, 52,
53, 55). The general characteristics of the
included studies can be found in
Appendix E4.

Characteristics of participants. The 27
studies involved a total of 1,317 participants
who were hospitalized because of AECOPD.
Twenty-six of the studies recruited patients
with a primary diagnosis of AECOPD. One
study included people with a variety of
chronic respiratory conditions (COPD,
chronic asthma, bronchiectasis, or interstitial
lung disease), but they provided separate data
for those with AECOPD; therefore, we were
able to include this study in our analysis (14).

Study design. Most studies (74%)
randomly assigned participants to two
groups (i.e., intervention and usual care)
(14, 30, 31, 33–40, 45–49, 51, 52, 54, 55). Six
studies used two intervention groups
compared with usual care (41–44, 50, 53).
One study had three intervention groups
compared with usual care, but only two of

Table 1. Population, intervention, comparison, and outcome components

Inclusion Criteria Exclusion Criteria

Population � Aged .19 yr.
� Clinical diagnosis of COPD and hospitalized for

AECOPD at the time of the study.
� Capable of physical activity (patient is capable of

initiating some form of active movement).

� Individuals with stable COPD who have been
admitted to the hospital to participate in an
inpatient pulmonary rehabilitation program.

� The population is a mixed medical ward
population or mixed respiratory disease
population, and data for those with AECOPD is
not presented separately, or patients with
AECOPD represent <75% of the cases.

Intervention � Any rehabilitation program that involves
mobilization, exercise, or ambulation that started
while the patient was hospitalized for AECOPD.

� The rehabilitation program must include a
minimum of two sessions.

� Studies that include a subsequent outpatient
rehabilitation program after inpatient intervention
are included only if there are pre- and
postintervention measurements for the duration of
the hospitalization.

� Programs initiated after discharge.
� Respiratory/inspiratory muscle training programs

as opposed to programs that incorporate whole-
body movement.

� Neuromuscular stimulation that does not include
any active movement on the part of the patient.

Comparison � Control
� Usual care
� Other interventions that may include some mobility

intervention (e.g., physiotherapy routine care) but
are different from the formal exercise training that
the experimental group receives.

� None

Outcome � Any outcomes were accepted. � The outcome assessment only occurred after
discharge.

Study Design � Randomized controlled trials � Participants are allocated to groups nonrandomly
or on the basis of some other characteristic.

Definition of abbreviations: AECOPD=acute exacerbation of chronic obstructive pulmonary disease; COPD=chronic obstructive pulmonary
disease.
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the intervention groups met our eligibility
criteria and were included in this review (32).
The majority of studies (59%) started the
exercise intervention within the first and the
third day of hospitalization (14, 31, 32, 34,
35, 37, 38, 41–43, 45, 47, 49, 50, 52, 53). As
per our inclusion criteria, all studies assessed
outcomes at discharge. Thirteen studies then
performed a follow-up assessment after
hospital discharge (14, 30–33, 37, 38, 42, 45,
46, 49, 54, 55), and six studies continued to
provide a PR intervention (14, 30, 32, 33, 40, 45).
Eight trials delivered aerobic training
interventions (30, 32, 36, 37, 39, 49, 55),
5 studies evaluated resistance training
interventions (31, 38, 42, 53, 54), 10 studies

evaluated mixed interventions (combining
aerobic and resistance strength training)
(14, 33, 35, 41, 43, 44, 46–48, 50), and
4 studies were not specific about the
exercise type (34, 40, 45, 51).

Risk of bias. As anticipated, because of
the nature of the intervention, it was not
possible to blind the participants and PR
personnel, which is demonstrated by a high
risk of performance bias across all studies.
Two papers were evaluated as having a high
risk of selection and detection bias (35, 54),
and two papers as having a high risk for
reporting bias (41, 52). Several of the
included studies provided insufficient
information to inform judgments. Figures 2

and 3 present a detailed assessment of the
risk of bias across studies.

Effects of Interventions
Functional exercise capacity. Twelve studies
used the 6-minute-walk test distance
(6MWD) to assess exercise capacity (30–37,
39, 45, 48, 54). Although these studies met
the inclusion criteria for this review, five
studies could not be included in a meta-
analysis for the 6MWD outcome.
Specifically, two studies only provided
baseline and postdischarge follow-up results
with no predischarge assessment (33, 37),
one study only reported data after
intervention with no baseline assessment
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Reports assessed for eligibility
(n = 393)

Studies included in review
(n = 27) 

Records identified from:

Records screened
(n = 41,836)

Records excluded
(n = 41,420)

Reports sought for retrieval
(n = 416)

Reports not retrieved
(n = 23)

Reports excluded:
Wrong patient population (n = 148)
Wrong study design (n = 87)
Wrong setting (n = 45)
Wrong comparator (n = 33)
Wrong intervention (n = 36)
Not in English/Unable to translate (n = 8)
Clinical trial registration – Article not published (n = 3)
Clinical trial registration – Discontinued (n = 3)
Unable to determine the percentage of AECOPD
patients (n = 3)

Records removed before
screening:
   Duplicate records removed
   (n = 19,938) 

   MEDLINE (22,943),
   Embase (21,959),
   CINAHL (2,856),
   CENTRAL (7,594),
   PsychInfo (6,341),
   CADTH (38),
   PEDro (41),
   ERS/ATS conference abstracts (2).

Figure 1. PRISMA flowchart of identification and selection of studies process. AECOPD=acute exacerbation of chronic obstructive pulmonary
disease; ATS/ERS=American Thoracic Society/European Respiratory Society; CADTH=canadian agency for drugs & technologies in health;
CENTRAL=cochrane central register of controlled trials; CINAHL=cumulative index to nursing and allied health literature; Embase=Excerpta
Medica dataBASE; MEDLINE=medical literature analysis and retrieval system online; PEDro=physiotherapy evidence database;
PRISMA=preferred reporting items for systematic reviews and meta-analyses.

SYSTEMATIC REVIEW

310 AnnalsATS Volume 20 Number 2 | February 2023

 



(32), one study only presented P values and
graphical representations without the
6MWD values (48), and one study used
median and range because of nonparametric

results (39). Therefore, seven studies
involving 330 participants were included in
the 6MWDmeta-analysis. High-quality
evidence shows that inpatient PR
significantly improved the 6MWD by
105.41 m (95% CI, 42.80–168.03; P, 0.001)
(Figure 4), which exceeded the MCID of
30 m (56). The analysis showed significant
heterogeneity between the studies (I2 = 99%),
but all favored a positive effect of the
intervention. This heterogeneity is likely
partially explained by studies showing very
large effect sizes, whereas others showed
smaller but still significant effect sizes.

Three studies involving 135 participants
used the five-repetition sit-to-stand test
(5STST), which is a functional measure
commonly used in acute care settings (34, 41, 42).
One study used this test, but the data
provided was unsuitable for the analysis
(44). Moderate quality evidence shows that
inpatient PR improved the performance on
5STST on average by27.02 seconds (95%
CI,213.41 to20.63; P= 0.03) (Figure 5).
This effect size is greater than the MCID of
1.7 seconds (57).

Two studies involving 90 participants
used the 30-second sit-to-stand test (30-sec
STST) (47, 52), a field exercise test that has
been accepted as an indicator of functional
status for elderly people. There was no
significant treatment effect on the 30-sec
STST (Mean difference= 2.82; 95% CI,
22.67 to28.31; P=0.31) (Figure 6).

Other outcomemeasures were used to
assess functional capacity, such as the shuttle
walk test (14), the 2-minute walk test (47), the
3-minute walk test (50), the Short Physical
Performance Battery (46), and the 2-minute
step-in-place test (51). However, because of
the small number of trials providing data for
these outcomes, these findings were not
included in the meta-analysis.

HRQOL. Four studies used the 5-level
EuroQoL Group-5 dimension version
(EQ-ED-5L) to evaluate HRQOL and
included 247 participants (42, 43, 51, 53).
Moderate quality evidence showed a
significant treatment effect onmobility
(MD=20.25; 95% CI,20.40 to20.10;
P=0.001), self-care (MD=20.27; 95% CI,
20.45 to20.08; P=0.004), and usual activities
subscores (MD=20.41; 95% CI,20.61 to
20.22; P, 0.001). Effects were not statistically
significant for pain/discomfort (MD=20.18;
95% CI,20.79 to 0.43; P=0.57) or anxiety/
depression (MD=20.27; 95% CI,20.45 to
20.09; P=0.004) (Figure 7A). The overall
effect size still significantly favored inpatient
PR (MD=20.41; 95% CI,20.61 to20.22;
P, 0.001), but there was significant
heterogeneity (I2 = 81%). In addition, a
significant treatment effect of 12.86 points
was observed on the visual analog scale
(VAS) (95% CI, 7.93–17.78; P, 0.001),
which was above the MCID of eight points
(58) (Figure 7B).

Five studies used the SGRQ (Saint
George’s Respiratory Questionnaire) to
measure HRQOL (14, 31, 34, 37, 52).
However, one study only reported the
baseline data (52), and two studies reported
baseline and follow-up data (no predischarge
assessment) (14, 37). Therefore, two studies
involving 69 participants were included in
this meta-analysis. Moderate quality evidence
shows that participants allocated to inpatient
PR groups had, on average, significantly
greater changes in SGRQ total score when
compared with participants allocated to
control groups (MD=210.51; 95% CI,
218.25 to22.77; P=0.008). The common
effect exceeded theMCID of four points
(59); however, the lower limit of its CI did
not (Figure 8).
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Figure 2. Risk of bias summary: review
authors’ judgments about each risk of bias
item for each included study. 1=high;
2= low; ?=unclear.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

100%75%50%25%0%

Low risk of bias Unclear risk of bias High risk of bias

Figure 3. Risk of bias graph: review authors’ judgments about each risk of bias item
presented as percentages across all included studies.
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Inpatient PR Usual Care 
Study or Subgroup 
Behnke 2000
Borges 2014
Greulich 2014
He 2015
Kirsten 1998
Lu 2020 
Troosters 2010

Total (95% Cl)

Heterogeneity: Tau2 = 6,770.95; Chi2 = 443.11, df = 6 (P < 0.00001); I2 = 99% 

225
160

95.55
49

183
67.2
35.75

Mean SD
29.7
61

14.82
35.69
93.79
11.75

120.84

Total 
15
15
20
66
14
36
19

185

Mean 
8
11

–5.34
9.8
25
13
14

SD

20.39

77.96
25.75

25.07

17.5
83

114.41

Total 
15
14
20
28
15
36
17

145

Weight 
14.9%
13.6%
12.5%
15.0%
14.8%
14.2%
15.0%

100.0%

Mean Difference
IV, Random, 95% Cl

217.00 [199.55, 234.45]
149.00 [95.68, 202.32]
100.89 [27.96, 173.82]

39.20 [30.84, 47.56]
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Test for overall effect: Z = 3.30 (P = 0.0010)

Risk of bias legend 

(A)  Random sequence generation (selection bias)
(B)  Allocation concealment (selection bias)
(C)  Blinding of participants and personnel (performance bias)
(D)  Blinding of outcome assessment (detection bias)
(E)  Incomplete outcome data (attrition bias)
(F)  Selective reporting (reporting bias)
(G)  Other bias

Figure 4. Change from baseline in the 6-minute-walk test distance (inpatient PR vs. usual care). CI =confidence interval; IV= inverse variance;
PR=pulmonary rehabilitation; SD=standard deviation.
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Figure 5. Change from baseline in the five-repetition sit-to-stand test (inpatient PR vs. usual care). CI = confidence interval; IV= inverse
variance; PR=pulmonary rehabilitation; SD=standard deviation.
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Figure 6. Change from baseline in the 30-second sit-to-stand test (inpatient PR vs. usual care). CI = confidence interval; IV= inverse variance;
PR=pulmonary rehabilitation; SD=standard deviation.
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Inpatient PR Usual Care Mean Difference
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Figure 7. (A) Change from baseline in the 5-level EuroQoL Group-5 dimension version (EQ-ED-5L) subscores (inpatient pulmnonary rehabilitation
[PR] vs. usual care). (B) Change from baseline in the EQ-5D-5L visual analog scale (inpatient PR vs. usual care). CI=confidence interval; IV= inverse
variance; EQ-5D=EuroQoL group 5 dimension version; SD=standard deviation.
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Three studies involving 129 participants
used CAT (COPDAssessment Test) to
measure HRQOL (32, 34, 45). There was no
significant treatment effect in the CAT score
(MD=20.38; 95% CI,20.95 to 0.19)

(Figure 9). High heterogeneity was identified
(P. 0.01; I2 = 56%).

Other outcomemeasures were used to
assess HRQOL, such as the 36-Item Short
Form Survey (33) and the Chronic

Respiratory Questionnaire (30, 33, 35).
However, the data provided was not suitable
for inclusion in the meta-analysis.

Lower limb strength. Five studies
assessed quadriceps strength (43, 46, 47, 51, 52).
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Figure 8. Change from baseline in the Saint George’s Respiratory Questionnaire (inpatient PR vs. usual care). CI =confidence interval;
IV= inverse variance; PR=pulmonary rehabilitation; SD=standard deviation.

Inpatient PR Usual Care 
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% Cl

Std. Mean Difference
IV, Random, 95% Cl

Risk of Bias
A B C D E F G

2 40–2–4

Usual CareInpatient PR
Test for overall effect: Z = 1.30 (P = 0.19)

Risk of bias legend 
(A)  Random sequence generation (selection bias)
(B)  Allocation concealment (selection bias)
(C)  Blinding of participants and personnel (performance bias)
(D)  Blinding of outcome assessment (detection bias)
(E)  Incomplete outcome data (attrition bias)
(F)  Selective reporting (reporting bias)
(G)  Other bias

Cox 2018
Greulich 2014
Lu 2020

Total (95% CI)

–2.8
–3.95
–7.5

–5.4
–1.61
–3.4

7.87
6.06
5.16

8.07
8.24
5.05

22.4%
35.2%
42.4%

Heterogeneity: Tau2 = 0.14; Chi2 = 4.50, df = 2 (P = 0.11); I2 = 56%

0.31 [–0.65, 1.27]
–0.32 [–0.94, 0.31]

–0.79 [–1.28, –0.31]

–0.38 [–0.95, 0.19]

8
20
36

64

9
20
36

65 100.0%

+ + – + + + +
+ + – + + + +
+ ? – + ? + +

Figure 9. Change from baseline in the chronic obstructive pulmonary disease assessment test (inpatient PR vs. usual care). CI = confidence
interval; IV= inverse variance; PR=pulmonary rehabilitation; SD=standard deviation.
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Figure 10. Change from baseline in lower limb strength (inpatient PR vs. usual care). CI =confidence interval; IV= inverse variance;
PR=pulmonary rehabilitation; SD=standard deviation.
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One study used the one repetition
maximum leg press test (kg) (46), whereas
another study measured the peak
quadriceps muscle force generated during
an isometric maximum voluntary
contraction using a chair-mounted force
transducer (kg) (47). Both these studies
showed significant improvements favoring
inpatient PR compared with the control
groups (MD= 2.8 kg, 95% CI, 0.3–5.3;
MD= 19 kg, 95% CI, 26.2–11.9,
respectively), but they were not included in
the meta-analysis because of the evaluation
method and unit of measurement applied.
Four studies (n= 183) that used a portable
hand-held dynamometer to measure
quadriceps strength during 5 seconds of
maximal muscle contractions with
resistance applied to the anterior tibia
(patient in a seated position) were included
(43, 44, 51, 52). Moderate quality evidence
shows that inpatient PR increased
quadriceps muscle strength by, on average,
33.35 N (95% CI, 21.24–45.56; P, 0.001)
(Figure 10).

Length of stay (LOS) in the hospital.
Seventeen studies including 1,074 participants
provided data on the LOS that were suitable
for the meta-analysis (14, 31, 34, 37, 38,
40–45, 47, 48, 51–54). Thirteen studies
reported LOS in mean and standard deviation
(SD) (31, 34, 38, 40–45, 48, 51–53), and four

studies used median and range or
interquartile range (14, 37, 47, 54), allowing
for an estimation of the mean and SD (60).
Moderate quality evidence showed no
statistically significant difference in the LOS
in the days between inpatient PR and usual
care (MD=0.17; 95% CI20.83 to 0.79)
(Figure 11). High heterogeneity was identified
(I2 =76%). Four studies did not report on the
LOS (30, 32, 36, 55), two studies reported
the mean LOS (d) without SD (39, 49), and
the other four studies provided data that was
insufficient or presented in a way that was not
suitable for inclusion in the meta-analysis (33,
35, 46, 50). Among all the papers that
reported on LOS but were not included in the
meta-analysis, there was no significant
between-group difference in the LOS.

Adverse events. Fifteen of the included
studies (n=797) assessed adverse events (14,
31–35, 40, 43–47, 50, 52, 54), and only one
reported a serious adverse event related to
the intervention (50). Of the 32 patients
included in the trial by Tang and colleagues
(50), one experienced a serious, study-
related, adverse event of arrhythmia that
completely resolved within an hour after
cessation of the intervention without any
additional medical treatment, nor an increase
in LOS. The study by Greening and
colleagues (14) assessed mortality, and
although they reported increased mortality in

the early rehabilitation group at 12 months,
there was no difference in mortality rates
between the early rehabilitation and control
groups during the hospitalization period.

Sensitivity Analysis
Each article was removed individually, and
then sensitivity analysis was conducted to
ascertain the stability of the results. Most of
the outcomes did not change; however, by
removing the trial by Lopez-Lopez and
colleagues (43) from the EQ-5D-5L
subgroup meta-analysis for pain/discomfort,
the results favor usual care, and
heterogeneity no longer exists. When
deleting the Cox and colleagues (32) trial
from the CATmeta-analysis, the results
significantly favor the intervention, and there
is no heterogeneity among the included
studies. Finally, by removing either trial by
Greulich and colleagues (34) or Lopez-Lopez
and colleagues (41) from the 5STSTmeta-
analysis, the positive treatment effect was not
sustained (Appendix E3).

Discussion

Our review focuses on in-hospital PR, a
clinical setting in which patients are typically
closely supervised. The main findings of this
review demonstrate that in-hospital PR for
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Figure 11. Change from baseline in the length of stay (inpatient PR vs. usual care). CI = confidence interval; IV= inverse variance;
PR=pulmonary rehabilitation; SD=standard deviation.
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patients with AECOPD is safe and
efficacious. We report a positive effect of PR
in the in-hospital period for patients with
AECOPD on functional exercise capacity,
HRQOL, and lower limb strength. Results
show benefits that exceed the MCID for the
6MWD, the 5STST, the 5Q-5D-5L VAS, and
the SGRQ total score. Significant effects
were not found for the 30-sec STST, CAT,
and LOS.

On the basis of the findings from this
systematic review, in-hospital PR for patients
admitted for AECOPD is safe and
efficacious, and we believe this intervention
should be recommended as part of the
in-hospital acute care treatment plan.We
also recommend that future systematic
reviews, guidelines, and recommendations
that examine the safety and efficacy of PR for
AECOPD should separately analyze trials
that provide inpatient acute-care PR from
those that provide PR for AECOPD outside
of an acute care hospital setting, such as in an
outpatient hospital department, community
setting, via telehealth, or home-based. The
reasons for this recommendation are: 1) the
in-hospital AECOPD patient is in a setting
with high degrees of monitoring by staff and
devices in which adverse events can be
quickly detected or even anticipated and
mitigated; 2) the intervention in the
in-hospital setting can be very structured (for
example, offering one or two rehab sessions
per day with individualized exercise
prescriptions); and 3) there is a high
likelihood the in-hospital PR exercise will be
directly supervised by a physical therapist,
rehabilitation aide, or nurse. These
characteristics may not be easily achieved in
the variety of outpatient rehabilitation
settings. The heterogeneity of the
monitoring, intervention, and supervision
may make it difficult to provide
recommendations on the safety and efficacy
of PR for AECOPD if PR from in-hospital
and outpatient settings are analyzed together.
Similarly, we also recommend that
investigators that conduct clinical trials of PR
for AECOPD that is initiated in the hospital
and continues after discharge ensure they
measure outcomes at hospital discharge to
allow for analysis of the in-hospital phase
and postdischarge phase separately.

The results of functional exercise
capacity and HRQOL outcomes are in
agreement with previous high-quality meta-
analytical evidence supporting the beneficial
effect of PR programs for patients with
COPD after an exacerbation (11). However,

the improvements in the 6MWD are greater
than previously reported, suggesting that
initiating PR during hospitalization may
optimize the gains in exercise capacity for
patients with AECOPD. A potential
explanation for the remarkable improvement
in the 6MWDmay be attributed to two
studies (30, 36) in which the participants in
the training group completed a 10-day
walking training program in the hospital.
The intervention lasted longer than most
other included studies, and improvements
may be related to this lengthy intervention.
High heterogeneity was identified in the
6MWD, which has not impacted the quality
of evidence, as all studies showed a positive
effect favoring the intervention. We
hypothesize that this heterogeneity could be
partially explained by the significant
differences in the effect sizes. There were
differences in the number of supervised
exercise sessions provided, the adherence to
the proposed intervention, and the
components of exercise prescription
(frequency, intensity, time, and type), which
all may have influenced the effect size of each
study.

The 30-sec STST is a field exercise test
that was initially created to evaluate the
functional performance of older adults (61),
and it is a feasible and sensitive tool to assess
PR efficacy in patients with COPD (62). Two
trials used this test to assess the effects of
in-patient PR on the functional performance
of patients with AECOPD (47, 52), but no
differences were found in our meta-analysis.
This result needs to be interpreted with
caution because of the small sample size
across the studies, but a potential explanation
is that the trial by Mirza and colleagues (47)
did not find a between-group difference in
this outcome because participants did not
present a significant impairment in their
baseline measure. The reference value for
older adults (.60 yr old) is 12 chair stands
for women and 13 for men (61). In this
study, in which the participant mean age was
64 years, and 97% were men, the 30-sec
STST baseline values in the control group
were 11, and in the exercise group were 12
STS repetitions (47). Furthermore, to
improve one’s 30-sec STST, a participant
needs to increase the speed of their
movement. The exercise protocol in the
study byMirza and colleagues was not
designed for participants to increase their
speed of sit-to-stand movements but rather
the number of repetitions overall (47).
Therefore, the test may not have captured

gains in functional performance in that
study.

Although the EQ-5D-5L is not a
disease-specific tool, it is a valid and
responsive measure of HRQOL in COPD
(63). Both the EQ-5D-5L VAS and the
SGRQ total score showed positive and
clinically important effects of in-patient PR
programs compared with usual care, but no
differences were seen in the CAT (64, 65).
First, the limited sample size across the three
included studies on the CATmeta-analysis
impacted the quality of evidence. Moreover,
sensitivity analysis showed that the trial by
Cox and colleagues (32) is responsible for
introducing heterogeneity in the results and
that there would be a significant treatment
effect if this study were removed from the
analysis. There was an imbalance in the CAT
scores at baseline in this study, with the
control group presenting higher scores than
the intervention groups (29.46 7.7 and
256 8.1, respectively), which may have
impacted the between-group difference in
changes from baseline. Taken together, our
findings support that in-patient PR can
significantly improve HRQOL for patients
with AECOPD.

Skeletal muscle dysfunction is a
predictor of mortality in COPD (66, 67), but
few trials focused onmuscle function as an
outcome after PR for AECOPD. Hospitalized
patients often present a decline in muscle
strength, and the quadriceps cross-sectional
area has been observed to decrease by up to
5% over 5 days of hospitalization (68).
Among studies that presented data suitable
for our meta-analysis (43, 51, 52), evidence
supports a positive effect of in-patient PR on
lower limbmuscle strength. Other trials not
included in the meta-analysis corroborate
this finding, such as Troosters and colleagues
(54), who demonstrated an increase of 10%
in quadriceps force after daily quadriceps
resistance training for 7 days on a knee-
extension chair, in comparison with21% in
the control group. Borges and colleagues (31)
also showed that whole-body resistance
training for an average of 5.6 sessions
significantly increased strength in the hip
and knee flexors, whereas the control group
lost more than 10% of these muscles’
strength.

Acute exacerbations that require
hospitalization are recognized as a major
event in the natural history of COPD because
of its association with survival and a
substantial decline in lung function,
functional status, and HRQOL (6, 69–71).
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During hospitalization, patients are often
physically inactive, and physical inactivity
after AECOPD has been associated with an
increased susceptibility for subsequent
readmissions (9). A prolonged LOSmay
also result in increased frailty and patients
that will require more medical attention
after discharge (72). Our findings, similar
to previous reviews, suggest that in-patient
PRmay not reduce the LOS in the
hospital, but it also does not prolong
hospitalization for patients with
AECOPD (73).

Although previous reviews reported the
benefits of PR for AECOPD (11), current
guidelines and recommendations discourage
initiating PR during hospitalization for
AECOPD (13, 74). These guidelines are
informed by data with intervention timelines
that extend long past the acute in-hospital
phase. The negative recommendations
appear to be primarily on the basis of
findings from an RCT (14) that compared
an early rehabilitation strategy with usual
care during and after admission to the
hospital for an exacerbation of chronic
respiratory diseases. That trial did report an

increased mortality rate at 12 months in the
early rehabilitation group, but importantly
there was no increase in mortality during
the hospitalization phase. The reason for the
higher mortality after discharge in the
intervention group is not understood, but
there have been concerns (75–77) about
the nature of rehabilitation provided in the
outpatient phase, including the fact that the
exercise portion after discharge was not
supervised, not on the basis of an accurate
exercise prescription, was not progressed
according to accepted standards of PR, and
had poor adherence from the participants.
However, it should be reinforced that in that
trial, there were no safety concerns or
increased mortality during the
hospitalization period. Indeed, of the
15 studies (n=797) that reported adverse
events, only one serious, yet temporary,
adverse event related to the intervention was
reported. Although we recognized this one
adverse event could be coincidental, we
assumed it was causally related to the
training on the basis of the author’s
categorization and description of the
case (50).

Study Limitations
As many of the meta-analyses included a
limited number of studies, it was not always
possible to assess publication bias using
funnel plots. Although we only selected
papers that included exercise training as
part of their PR programs, there are
differences in the type of intervention
(e.g., aerobic and resistance training) and in
the details of exercise protocols (e.g.,
frequency, intensity, and duration) that may
have impacted the results. We did not
evaluate the comprehensiveness of the
interventions, and although exercise
training is a fundamental component of PR
programs, we acknowledge that there are
other components that might be missing
from some studies, and this potentially
could impact our findings. A high risk of
performance bias was common in all
studies because of the nature of the
intervention. We were not able to
translate documents that were not written
in English. �

Author disclosures are available with the
text of this article at www.atsjournals.org.
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