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Abstract: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are one of the
most common causes of emergency hospital admission and place great burden upon healthcare systems.
Furthermore, AECOPD represent an important life event for patients, and are associated with significant
reductions in physical activity, skeletal muscle function, exercise tolerance and health-related quality of
life. Pulmonary rehabilitation, an intervention comprising supervised exercise-training and education, may
counteract these negative consequences and target modifiable risk factors for hospital readmission. A recent
Cochrane systematic review included 20 randomized controlled trials comparing pulmonary rehabilitation
after exacerbation of COPD versus conventional care. Overall, the evidence supports moderate to large
effects on health-related quality of life and exercise capacity. However, there is substantial heterogeneity
across studies, and more recent studies have been more equivocal, including around hospital readmissions,
particularly when rehabilitation is started in the inpatient setting. In this narrative review, we examine
the rationale for pulmonary rehabilitation following AECOPD with a particular focus on skeletal muscle
function, review the current evidence for pulmonary rehabilitation in the AECOPD setting, and identify
areas that require future research, including the structure and nature of the intervention, improving uptake

and adherence, and the role of alternative rehabilitation strategies for patients with AECOPD.
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Introduction United States, inpatient care for COPD was estimated to
cost $11.9 billion annually (2). Not only are AECOPD
costly to healthcare systems, they are associated with poor
disease (AECOPD) are one of the commonest causes of prognosis. In the United Kingdom, a recent national audit
emergency hospital admissions and contribute a significant revealed that 43% of patients hospitalized with AECOPD
proportion to total COPD healthcare costs (1). In the were readmitted and 12% died within 90 days (3). From a

Acute exacerbations of chronic obstructive pulmonary
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patient perspective, an AECOPD requiring hospitalization
is associated with a significant decline in physical activity
levels (4), functional capacity (5), skeletal muscle function (6)
and health-related quality of life (7).

Pulmonary rehabilitation (PR), defined by the
American Thoracic Society/European Respiratory Society
(ATS/ERS) as a ‘comprehensive intervention based on a
thorough patient assessment followed by patient tailored
therapies that include, but are not limited to, exercise
training, education, and behaviour change, designed
to improve the physical and psychological condition
of people with chronic respiratory disease’ (8), is a
cornerstone in the non-pharmacological management
of COPD. The evidence base supporting the benefits
of PR in stable patients with COPD is substantial, with
65 randomized controlled trials contributing to the most
recent Cochrane systematic review (9). In recent years,
there has been increasing interest in the role of PR in
the acute setting (either during or shortly after a hospital
admission for AECOPD). The latest iteration of the
Cochrane systematic review of PR in the peri-exacerbation
period identified 20 randomized controlled trials and
found that PR improved functional capacity and health-
related quality of life (10). However there was significant
heterogeneity in the data, with particularly uncertainty
about whether PR in the acute setting reduced rates of
hospital readmission. Furthermore, recent trials have
shown less marked benefits compared to older trials (10),
particularly when rehabilitation is started as an
inpatient (11). Despite being recommended in national
and international guidelines, there may be problems with
the clinical implementation of PR in the AECOPD setting
as observational data suggest barriers to referral, uptake
and adherence (12).

This narrative review will examine the consequences
of an AECOPD, and in particular, we will highlight the
effect of AECOPD on skeletal muscle function (in line
with the theme of this review series) and other factors
that are potentially modifiable by PR. We will summarize
the current literature on the effects of PR during/after
AECOPD, and finally identify and discuss areas of
uncertainty that would benefit from further research.

Consequences of AECOPD
With AECOPD, there is typically an increase in symptom

severity from the baseline state (worsening cough, shortness
of breath, sputum production, fatigue) rather than the onset
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of new symptoms (13,14). These quantitative changes in
symptoms have a profound effect upon the patient’s physical
activity levels. Forty-five percent of patients become
bed/couch bound and 55% have to stop work during
a community-treated AECOPD (13). In an interview-
based survey, 86% of patients reported that an AECOPD
had a significant impact on activities of daily living, with
47% stopping all activities completely (15). This patient-
reported decline in physical activity levels is corroborated
by objective measures using accelerometers. Pitta et al. (4)
found that patients hospitalized with an AECOPD spent
only 7% of their time on weight-bearing activities on the
second day of hospital admission, and only increasing a
further 2% by hospital discharge. Recent data suggest that
moderate AECOPD, treated in the outpatient setting, are
also associated with a substantial decrease in daily physical
activity levels (16).

Disuse atrophy, secondary to reduced physical activity,
is likely to be a significant contributor to skeletal muscle
dysfunction during an AECOPD. Studies, where healthy
elderly individuals have been consigned to experimental bed
rest, have shown large reductions in leg lean mass, muscle
strength and muscle fractional synthetic rate (17), which are
more pronounced than in younger healthy individuals (18).
In COPD, quadriceps force and cross-sectional area
decreases by 5% over five days of hospitalization (4,6)
and show only partial recovery by three months after
hospitalization (6). Moreover, it is important to remember
that a significant proportion of these patients may have
co-existing skeletal muscle dysfunction prior to the severe
AECOPD (19,20).

Although disuse atrophy is likely to be the central
player in the development of skeletal muscle dysfunction
during an AECOPD, other potentially contributing factors
include systemic inflammation, oxidative stress, blood gas
abnormalities, comorbidities, corticosteroids, increased
resting metabolic rate and suppressed appetite (Figure I).
These have been reviewed in detail elsewhere (21,22).

Prognostic importance of skeletal muscle
dysfunction in AECOPD

Many consequences of an AECOPD are potentially
modifiable risk factors for hospital readmission, including
reduced exercise tolerance, physical inactivity, dependency
with activities of daily living, and health status (23,24).
Recent data also support the prognostic importance of
skeletal muscle dysfunction. Greening and colleagues
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Figure 1 Schematic of the impact of acute exacerbations of COPD upon the cycle of breathlessness (adapted from Burtin ez 4/, 2011).

studied a subgroup of 191 patients participating in a
randomized controlled of an early rehabilitation intervention
initiated during hospitalization for AECOPD. Those in
the lowest quartile for ultrasound-measured rectus femoris
cross sectional area (corrected for height squared) spent
more days in hospital in the year after index hospitalization
than those in the highest quartile [mean (SD) 28.1 (33.9) vs.
12.2 (23.50) days; P=0.007) (25), and in multivariate analysis,
rectus femoris cross sectional area remained an independent
risk factor for unscheduled readmission or death [odds ratio
(OR) 0.46; 95% CI, 0.22-0.95; P=0.035] (25). Kon et al.
evaluated the prognostic ability of the four-metre gait speed
(4MGS) measured at hospital discharge in patients with
AECOPD (26). The 4MGS is a simple measure of lower
limb physical performance, and is included in operational
definitions of sarcopenia and frailty (19,27). Increased rates
of all-cause hospital readmission at 90 days were observed
across quartiles of decreasing 4MGS (fastest: 11.5%; slowest:
48.2%; P<0.001). Compared with those in the fastest 4MGS
quartile, those in the slowest quartile had unadjusted ORs
(95% Cls) for 90-day readmission of 7.12 (2.61 to 19.44) (26).

Evidence base for PR in AECOPD

The impact of PR following an acute exacerbation of
COPD was recently updated in a Cochrane systematic
review (10). Puhan and colleagues included randomized
controlled trials comparing PR with usual care after
AECOPD, and incorporated a further 11 studies to a
previous iteration of the systematic review to include a
total of 20 trials (1,477 participants). PR, which could be
delivered in the inpatient and/or outpatient settings, had
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to commence immediately after initiation of exacerbation
treatment or within three weeks of initiation of exacerbation
treatment. Overall, PR after an AECOPD appeared to be
safe with no increased mortality signal. There was moderate
quality evidence supporting a reduction in hospital
readmission rates with PR (pooled OR 0.44, 95% CI,
0.21 to 0.91, P=0.03), although results were heterogeneous.
The authors suggested that the heterogeneity was explained
to some extent by the “extensiveness” of the rehabilitation
intervention (using guidelines from international societies
(8,28), the authors graded interventions according to the
total number, frequency, supervision and content of exercise
training sessions, and whether the intervention included a
self-management/education programme) as well as by the
methodological quality of the included trials. There was
high-quality evidence to support improved health-related
quality of life and exercise capacity with PR (10), although
newer studies appeared to show less marked benefits than
seen in earlier trials, or even no benefit at all.

This was best demonstrated by the trial from Greening
and colleagues (11)—the study that contributed the most
number of patients to the latest Cochrane review. The
authors randomized 389 hospitalized patients with COPD
to either usual care or a 6-week rehabilitation intervention
comprising an inpatient component starting within 48 hours
of hospitalization, followed by a post-discharge home-based
supported self-management programme facilitated by a
manual introduced using motivational interviewing (11).
The daily inpatient programme used a range of non-
volitional (neuromuscular electrical stimulation) and
volitional (walking, sit-to-stand, inner range contraction
against gravity, progressive upper and lower limb muscle
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resistance training) modalities to achieve the highest
individualized tolerable intensity of exercise training. The
exercise component of the home-based supported self-
management programme consisted primarily of progressive
walking through goal setting. Greening et a/. observed
no difference in readmission risk [hazard ratio (HR) 1.10,
95% CI, 0.86 to 1.43, P=0.44] with intervention, nor any
difference in recovery of physical function and health status
between intervention and control groups (11).

There were unique aspects to this trial. Strikingly, this is
the only trial included within the Cochrane review that has
shown a higher risk of death associated with rehabilitation
at one year (OR 1.74, 95% CI, 1.05 to 2.88, P=0.03). The
risk between intervention and control groups did not
start diverging until seven months—it seems unlikely that
the higher mortality could be directly attributable to the
intervention; more likely there was a subtle imbalance of
baseline characteristics between the groups (29). Another
unique observation was the rate of natural recovery in
physical functioning and health status in the usual care
group, perhaps reflecting the current trend for early
mobilization as part of routine care, in contrast to clinical
practice two decades ago when the first PR trials in the
acute setting were conducted. Regardless, there seemed to
be an insufficient difference in exercise stimulus between
the intervention and control groups. The inpatient stay
was relatively short (median 5 days) so taking into account
time needed to approach and consent, the opportunity to
provide supervised exercise training was restricted (less than
3 sessions each of aerobic and resistance training).
Adherence to the home self-management exercise
programme was poor and there was limited uptake of
conventional outpatient PR in the intervention group
compared to usual care (14% vs. 22%, P=0.04) (11). These
data, taken together with the findings of the Cochrane
review, suggest that intensity, frequency and duration of the
exercise component of the intervention are highly relevant.

Skeletal muscle function following PR for an
AECOPD

Despite the prognostic significance of skeletal muscle
dysfunction and the inclusion of muscle resistance training
in many PR interventions, most trials have focused on
health status and exercise capacity outcomes rather than
muscle function. The available data on the effects of PR
on muscle function is primarily described in studies where
rehabilitation takes place during the hospitalization period
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where resistance training appears to mitigate the loss of
muscle strength observed during an admission.

Troosters et al. demonstrated that daily quadriceps
resistance training for 7 days on a knee extension chair
resulted in a 10% improvement in quadriceps force
(compared with —1% in control group) (30), whilst another
study showed that an average of 5.6 sessions of whole
body resistance training started on third day of admission
maintained knee extensor isometric force at discharge in
comparison to >10% loss of force observed in the control
group (31). Frail older patients with COPD appear to
particularly benefit from aerobic exercise; a minimum
of four sessions of cycling using a simple portable pedal
exerciser resulted in significant improvements in lower limb
strength, sit to stand, and balance measures compared with
usual care (32).

Data in the post-discharge setting is limited. Seymour
and colleagues showed that outpatient PR delivered twice
a week for eight weeks resulted in a large improvement
in quadriceps maximum voluntary contraction (+5.1 kg)
compared with usual care, and this improvement in
quadriceps strength was correlated with change in walking
exercise capacity (33). Greening et a/. showed a progressive
increase in quadriceps strength over the 12 months
following hospital discharge in both intervention and
control groups, intimating that a degree of natural recovery
occurs (11). As discussed previously, the exercise stimulus
of the intervention was probably insufficient to influence
recovery rates of muscle function.

Challenges in delivering PR following an AECOPD

Despite the evidence-base, as well as universal inclusion
of PR in management guidelines for COPD (34), there is
global underutilization of PR both in stable outpatients and
patients hospitalized with AECOPD (35,36). Recent data
have shown there are multiple barriers at all levels of the
post-AECOPD PR patient pathway. Jones er a/l. reported
that out of 448 hospital discharges for AECOPD over
a 12-month period, only 90 referrals were made for PR
with 43 patients receiving and completing PR (9.6% of all
hospital discharges, 15% of eligible patients) (Figure 2) (12).
Similarly, Harrison et a/. found that only 71 of 128 patients
hospitalized with AECOPD accepted a referral for PR, of
whom only 39 attended initial assessment and 11 finally
completing (37).

The reasons for poor referral, uptake and completion
rates are complex and can be broadly divided into those

7 Thorac Dis 2018;10(Suppl 12):S1390-51399
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Figure 2 Referral, uptake and adherence data to post-exacerbation pulmonary rehabilitation following an admission to hospital over

12-month in a north-west London hospital, UK (adapted from Jones et 4/., 2013).
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Figure 3 Reasons for poor referral, uptake and completion rates to post-exacerbation pulmonary rehabilitation.

related to healthcare systems, referrers and patients
(Figure 3). The gap between trial evidence to clinical
implementation may in part by explained by issues within
healthcare systems such as insufficient resources or
reimbursement that limit the provision of PR. Previous
audit data from the United Kingdom showed that a
minority of established services were able to offer PR

within four weeks of hospital discharge, and data from post-
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AECOPD PR contributed less than 2% of the total audit
dataset (38). Other healthcare system considerations include
a lack of integration between inpatient teams managing the
hospital admission and outpatient PR teams. There are no
data examining referrer attitudes to post-AECOPD PR,
but existing data show significant dropouts at the referral
stage (12) (Figure 2). This could reflect lack of referrer

awareness/education regarding PR, time constraints,
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paternalistic attitudes or simply a result of patient concerns/
desires.

From a patient perspective, the most commonly cited
reasons for declining referral include transport issues,
feeling too unwell, not being interested in physical activity
after an exacerbation, satisfaction with current functional
ability and being busy with other activities (37,39,40).
Patients may justify by describing their own attempts at
increasing physical activity (“I do arm exercises and try to
walk quickly when I can”) and how PR might encroach on
their normal daily activities (“I would feel that the time I'm
going there I could be doing things that I want to do at
home, and I’'m happy doing things at home”) (41). Previous
experience of PR may also influence whether a patient
decides to accept a referral, with intensity of exercise and
bad experiences emerging as themes (40). Benzo et a/l. (39)
reported that 11% of patients declined referral to PR
because they felt that there was too much “going on” or
were “overwhelmed”. Hospital admissions for AECOPD
are life-changing events and the timing of PR referral may
be highly relevant to some individuals. Even with uptake of
PR, patient attitudes towards the rehabilitation intervention
may be a barrier to completion. As a sub-study of the
previously described trial by Greening and colleagues (11),
Vincent et al. (42) reported the perspectives and experiences
of participants in the intervention group. At 48 hours
following discharge, 9% of patients reported “feeling
unwell”, 8% were “feeling worried”, 15% reported “finding
the exercise difficult”, whilst only 2% said that they “felt
more active”. By the end of the intervention, only 44% of
the patients in this study felt that exercise had had a positive
effect on their recovery.

Can uptake and completion of PR be improved?

Limited data exist regarding interventions to increase uptake
and completion of PR. A recent systematic review (43) was
only able to identify one quasi-randomised control study
that examined whether the allocation of a tablet computer
could improve completion of pulmonary rehabilitation in
patients with stable COPD (44), and was unable to identify
any completed trials that aimed to increase uptake or
completion of post-AECOPD PR. Service improvement
strategies, such as COPD discharge bundles (a structured
aide memoire of evidence-based practices), have shown
some promise in facilitating the uptake of post-AECOPD
PR (45), but are themselves challenging to implement (46).
Transport and travel are commonly cited as barriers
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to uptake and completion of PR (47), particularly in the
outpatient setting. Even with the provision of door-to-
door transport, adherence to outpatient-based PR remains
suboptimal (48). Home-based PR is therefore potentially
attractive, particularly as recent home-based PR trials in
patients with stable disease have shown non-inferiority
to traditional supervised outpatient-based PR (49,50).
However, as the Cochrane review on post-exacerbation
PR (10) has informed, less “extensive” and lightly
supervised PR interventions may not be effective in highly
symptomatic and breathless patients following AECOPD
(11,51,52). Supervised home-based PR in the acute setting
has been trialled alongside hospital at home schemes,
which traditionally consist of home-based, pharmacological
management of the AECOPD under nurse-supervision (53).
Murphy er al. provided twice-weekly supervised exercise
training for 6 weeks alongside a hospital at home service and
demonstrated improvements in exercise capacity, muscle
strength and quality of life in the intervention, but not
control, group (54). However, sample sizes were small and
between-group changes were not reported. Larger, more
rigorous trials are required to explore the efficacy and cost-
effectiveness of home-based PR in the post-discharge setting.

Another reported barrier to PR is patient perception
that they are too unwell to partake in aerobic or
resistance exercise training. Investigators have explored
less effort-dependent rehabilitation strategies, including
neuromuscular electrical stimulation (NMES) and whole
body vibration (WBV). NMES uses a portable stimulator
and skin electrodes to produce a controlled contraction
of the muscle, typically the quadriceps. Maddocks ez al.
demonstrated that a six-week course of quadriceps NMES
was sufficient to improve functional capacity, quadriceps
strength and ultrasound measured cross-sectional area
of the rectus femoris in patients with severe COPD and
significant respiratory disability (55). The most recent
Cochrane systematic review of 18 randomised control trials
comparing NMES with resistance training or no treatment
or placebo in patients with advanced disease found that
NMES had a statistically significant improvement in
quadriceps muscle strength compared to control (standard
mean difference 0.53, 95% confidence interval 0.19 to 0.87),
equating to a difference of 1.1 kg (56). Pilot studies using
NMES in hospitalized patients with AECOPD have shown
that it is both feasible and may improve quadriceps strength
(57-59). However the largest study to use NMES in patients
hospitalized with AECOPD was only able to deliver a
mean 3.6 sessions of NMES prior to hospital discharge and
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was unable to influence recovery in physical performance
or health status compared with usual care (11). WBV is a
training modality performed on a vibrating platform that
moves in sinusoidal oscillations, during which static and
dynamic exercises can be performed. A recent meta-analysis
of studies in patients with COPD showed that WBV
improves six minutes walk distance compared to control
(57.9 m, 95% CI 16.4 to 99.3 m) (60). Only one small
study has examined the effect of WBV in the AECOPD
setting but was found to improve exercise capacity and
health status without any adverse effects (61). Whether
such interventions are cost-effective and can be widely
implemented in healthcare systems remain unknown.

Conclusions

Acute exacerbations requiring hospitalization are an
important life event for patients with COPD and have
devastating impact on physical activity levels, skeletal muscle
function and exercise tolerance. Pulmonary rehabilitation
produces moderate to large benefits in health-related quality
of life and exercise capacity following AECOPD, with the
largest effects seen with more extensive and supervised
interventions. However significant barriers to referral,
patient uptake and completion exist, and there is an urgent
need for further research into increasing and improving

accessibility to rehabilitation following AECOPD.
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