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ABSTRACT

Pulmonary rehabilitation (PR) is a comprehensive intervention designed to
improve the physical and psychological condition of patients with chronic
respiratory disease. Despite proven benefits shown in multiple studies,
uptake of PR remains dismal. This comprehensive review highlights the
history of PR from the 1960s through the 2020s. This is followed by review
of evidence and discussion on approaches to increasing referral and
uptake of PR, the use of technology to provide virtual PR as an alternative
or adjunct to traditional PR, PR in the management of the COPD patient
particularly in the post exacerbation period and a brief review of PR

approaches in developing countries.
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1. Introduction

In order to fully appreciate recent developments in the
science and implementation of comprehensive pulmonary
rehabilitation (PR), it is first necessary to know what it is
and have an idea of its relatively short history. The
following is an accepted definition of PR dating back to
a 2013 American Thoracic Society and European
Respiratory Society Statement, ' subsequently endorsed
in a 2021 American Thoracic Society workshop 2: “[PR is]
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 behavior change, designed to improve the physical and
psychological condition of people with chronic respiratory

disease and to promote the long-term adherence to health-
enhancing behaviors.”

What follows is a brief review of the history of PR from
the 1960’s through 2020, emphasizing its transition from
an intervention that made sense to astute clinicians but
had no evidence base backing it up to its current
recognition as a “gold standard” in the treatment of
chronic respiratory disease and incorporation in
practically all clinical guidelines on COPD. The increase
in peer-reviewed papers on PR — including its
implementation, scientific underpinnings, outcomes, and
worldwide recognition as a therapeutic modality - since
the 1960’s has been dramatic, as evidenced in Figure 1.
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Figure 1. Number of PubMed citations on PR (per decade)

Following this review of the history of PR, we will highlight
some of its recent advances, challenges and initiatives for
COPD. These include: 1) Approaches to increase referral
and uptake of this intervention by providing it in home or
community settings; 2) The trend towards promoting less-
intense and regular physical activity in addition to standard
exercise fraining; 3) Using technology to provide virtual
PR either as a stand-alone or hybrid model; 4) Use of
smart phone technology to provide some components of
PR; 5) Incorporation of PR in the integrated model of
COPD management; 6) PR in the post exacerbation
period and discussion on whether this represents the holy
grail in PR outcomes and 7) A brief review of PR
approaches in developing countries.

2.Key Dates in the Development, Science,
and Implementation of Pulmonary
Rehabilitation as a Distinct Therapeutic

Entity

1960’s:

Astute clinicians in this decade recognized that the
commonly utilized reductionist approach to ftreating
people with advanced COPD, such as treating them only
with bronchodilators, was not as effective as holistic and
comprehensive approaches to management. To meet this
challenge, Thomas L Petty (1932 -2009), a respirologist
at the University of Colorado who could be considered
the father of PR, organized a multidisciplinary pulmonary
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rehabilitation program to treat individuals with COPD. At
the time, this treatment approach did not have evidence-
based science backing; rather it reflected the perception
by this physician and other clinicians of the systemic
effects and comorbid conditions that often drive COPD
morbidity and mortality. Some of the therapies in this
program included patient education, breathing
techniques, structured exercise, supplemental oxygen
therapy, bronchial hygiene, and individualized
pharmacologic therapy. He subsequently published on
this in 1969, 3 reporting (without the backing of a
randomized, controlled trial) that it led to marked
subjective involvement in symptoms and objective
improvement in exercise tolerance and subsequent
hospitalizations.

1970’s:

Pulmonary rehabilitation gained traction among some
clinicions, and in 1974 a committee of the American
College of Chest Physicians came up with the following
definition: “art of medical practice, wherein an individually
tailored, multidisciplinary program is formulated through
accurate diagnosis, therapy, emotional support and
education to stabilize or reverse both physiopathological
and psychopathological manifestations of pulmonary
diseases. Such a program must attempt to return the patient
to the highest possible functional capacity allowed by the
handicap and overall life situation * 4 5 Note that this first
definition of PR included the word, “art’. While at that
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time its supporting evidence base was minimal, this
descriptor plagued PR clinicians for decades until the
science caught up with the practice.

1980’s:

A clearer understanding of the constituents of «
comprehensive PR program were clarified. These
included, “proper patient selection, initial assessment to
determine needs, development of appropriate goals,
development of components of care, assessment of patient
progress, and arrangement for long-term follow-up.”®
Adding to this was the idea that the treatment should be
tailored to the needs of the individual respiratory patient.
These components are still in effect today, although -
beginning in this decade — the importance of exercise
training was emphasized. 7

1990’s:

This decade saw a flurry of activity, both in scientific
studies supporting its effectiveness and in official
statements recommending its use. Leading the charge of
new science, was a paper by Casaburi and colleagues,
Reductions in Exercise Lactic Acidosis and Ventilation as a
Result of Exercise Training in Patients with Obstructive Lung
Disease, 8 a physiologic study which — despite its small
number of subjects — demonstrated that individuals with
COPD can have physiological improvement from exercise
training. Prior to this, a prevailing thought that patients
were ventilatory “pump-limited” and could not
demonstrate such a benefit. Other studies showed that PR
led to increased functional exercise capacity and
functional status, ¢ 0 exercise endurance training in
moderate to severe COPD can reduce exercise-induced
lactic acidosis and improve skeletal muscle oxidative
capacity, 7 and PR can reduce dyspnea. 12 Supporting
these smaller studies was the first randomized trial of PR
by Andrew Ries and colleagues, '3 which demonstrated
that a comprehensive, 8-week outpatient PR program
(compared to education alone) led to improvements in
exercise capacity, dyspnea, muscle fatigue, and self-
efficacy for walking. These studies and others led to the
1999 publication, Pulmonary rehabilitation-1999 : The
Official Statement of the American Thoracic Society. 14
Other official statements in this decade included
Pulmonary rehabilitation in chronic obstructive pulmonary
disease (COPD) with recommendations for its use. Report
of the European Respiratory Society Rehabilitation and
Chronic Care Scientific Group (1992), '5, and Selection
criteria and programmes for pulmonary rehabilitation in
COPD patients (1997 ). 16

2000 - 2010:

In this decade, PR became a standard of care for COPD,
and additional statements and guidelines solidified the
rationale and organizational aspects of this intervention.
Among these were the joint American Thoracic Society /
European Respiratory Society Statement on Pulmonary
Rehabilitation (2006), 7 Clinical Competency Guidelines
for Pulmonary Rehabilitation Professionals, 8% and
Pulmonary Rehabilitation Joint ACCP/AACVPR Evidence-
Based Guidelines (2007). 19 Also published in this decade
was the largest randomized trial of PR to date, Results at
1 Year of Outpatient Multidisciplinary Pulmonary
Rehabilitation: a Randomised Controlled Trial. (2000). 20 In
2001, of considerable importance, the very influential
Global Initiative for COPD (GOLD) document included PR

as an established treatment for COPD in a 2001
publication, and their 2003 update placed it in their
algorithm for the recommended management for this
disease. 2! Other advances included the importance of
self-efficacy training as a stand-alone intervention or
component of PR, 2223, an appreciation of the importance
of increased physical activity as an outcome in PR, 24 25
the concept of bringing PR into the home and community
settings, 26 27 cost effectiveness of PR 28 29 the first
recognition of the benefits of PR in the post exacerbation
period, 3° and the idea that PR is a major component in

the integrated care of the complex COPD patient. 3! 32
33

2010-2020:

A review of the effectiveness PR by McCarthy and
colleagues, while not the first systematic review on this
intervention, was the first to state that based on what they
considered unequivocal positive evidence put forth in
their article: “It is our opinion that additional RCTs
comparing pulmonary rehabilitation and conventional care
in COPD are not warranted.” 34 Authors of an extensive
survey that outlined similarities and (considerable)
differences among PR programs worldwide stressed the
need for implementing processes and performance
metrics, establishing international benchmarking, and
creating international standards based on evidence and
best practice. 35 A systematic review by Puhan and
colleagues 3¢ reported that PR - in addition to already
established improvements in exercise tolerance and
health status — also may reduce health care utilization
and even mortality risk, although the quality of evidence
was not particularly high. 3¢

3. Developments in Pulmonary Rehabilita-

tion since 2020
A. INCREASING  REFERRAL AND
PULMONARY REHABILITATION

Despite its proven benefits, PR utilization remain
suboptimal on a global scale with some heterogeneity in
its implementation. 37 A scoping review of international
studies of 10 developed countries report a referral rate
of 35% in over 90% of studies. 38 A recent nationwide
study in France showed an 8.6% of PR uptake 90 days
after an admission for acute COPD exacerbation.3? In the
United States, studies among Medicare beneficiaries with
COPD showed an uptake ranging from 1.9% to 4%. 40 41
42 The percentage of Medicare beneficiaries with COPD
receiving PR increased from 2.6% in 2003 to 3.7% in
2012 4! while in a subsequent study showed an increase
from 2.5% in 2013 to 4.0% in 2019.42 Therefore, while
there has been some increase in uptake of PR over the
years, the numbers remain quite dismal. To explore
potential solutions, we must first dissect the potential
barriers. The barriers can be broadly classified into
factors related to the patient and the surrounding
environment, the healthcare professional (HCP) and
systemic factors.

UPTAKE ~ OF

Patient and healthcare professional related factors
Uptake of PR must start with initial referral of eligible
patients by the HCP and acceptance by the patient. Lack
of awareness of PR from both the provider and the
patient plays a big role in suboptimal referral to PR.
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An official ATS/ERS statement by Rochester et al
published in 2015 highlighted the lack of knowledge of
PR in HCPs and the need for education starting from the
trainee stage.4? Influence of the provider plays an
importance role in patient uptake of PR.44 HCPs therefore
must not only know about PR but also be able to inform
the patients about the benefits of PR. A study by Bhatt et
al showed that patients who had a pulmonologist as a
sole provider or co-managing provider was more likely
to be referred to PR.42 However, primary care providers
and other allied health professionals play a major role in
management of patients with chronic respiratory
conditions such as COPD. Therefore, optimizing
knowledge of PR and perceived benefits of PR among all
such HCPs is the first step in increasing PR utilization.

Patient buy-in is the next essential step. An international
online survey administered by Rochester et al published
in 2018 showed that out of 1685 respondents, nearly
25% have never heard of PR. 45 Limited knowledge of
PR, lack of perceived benefits and worries about exercise
tolerance may all contribute to poor uptake of PR from a
patient’s perspective. 46 These factors could potentially
be addressed with patient education. Other factors
associated with decreased PR uptake may prove more
challenging to remedy. Active cigarette smokers and
patients with co-morbidities such as depression have been
shown to have lower PR uptake. 4244 These patient factors
may be harder to address as this requires getting to the
root of wunderlying general non-adherence and
addressing underlying mental health issues which affect
many of our patients with chronic respiratory disease.

Even more challenging to address are disparities among
PR availability and uptake which have been
demonstrated in multiple studies. Lower socioeconomic
status, older age and black race have been shown to be
associated with decreased PR uptake. 424748 We start
this discussion under the heading of “patient factors” as it
involves patient characteristics but in fact, there are
complex interaction  involving many  systemic
inadequacies in our healthcare system which often fails to
cater to our vulnerable patient population. Potential
solutions will require a multidisciplinary approach
involving patients, HCPs, payers, advocacy groups and
policy makers.

Systemic factors

Suboptimal reimbursement for PR is a major limiting
factor in the referral and expansion of PR programs. In
2010, Medicare changed its reimbursement policy for PR
with the introduction of a bundle payment code (G0424)
and also established a payment rate of $50 per unit of
G0424 which is approximately half of the reimbursement
for cardiac rehabilitation.42 This certainly does not reflect
the complexity of PR catering to a variety of patients with
chronic respiratory disease. Efforts must be made to
increase awareness in our payers and policy makers of
the benefits of PR in reducing cost in the long run so that
PR programs can be reimbursed appropriately to ensure
sustainability and expansion.

On the topic of expansion, poor access to PR centers is
certainly a major factor in suboptimal PR uptake. A study
of Medicare beneficiaries with COPD in 2018 by Malla
et al revealed that there is one PR center for every 6030

individuals with COPD. 49 Overall, the proportion of
patients who had PR centers available within 10 miles
was 61.5%. However, access in rural areas is much more
limited with PR center availability within 10 miles was
11.6% in this population. Compared to metropolitan
areas, rural areas are 95% less likely to have access to
PR within 10 miles. 4° This is important to note as a
previous study by Spitzer et al showed that patients living
more than 10 miles or 30 minutes away from a PR center
were half as likely to initiate PR. 40 This is unsurprising as
transportation issues are often cited as a major limitation
in PR utilization.#446 This again highlights a major
disparity in access to PR. Novel solutions such as home PR
and telemedicine have been proposed which we will
discuss in another section of this paper. However, for this
to be successful, we will also need to ensure some
standardization in the PR process.

We can attempt to establish more PR centers or attempt
novel therapies, however, one potential barrier to
effective PR would be lack of standardization of PR and
lack of trained providers who can provide PR. A survey
completed by 430 centers in over 40 countries showed
that there was heterogeneity among different centers
including the settings, case mix and composition of the
team among other differences. 37 ATS published an
official society workshop report defining modern PR
which highlighted, among other important issues, the
essential components of PR and existing certification
processes. 30 There should be some standardization and
quality control of PR delivered in varying forms to ensure
patients receive the intended benefits.

Potential solutions

To increase uptake of PR, above barriers must be
addressed. An official ATS/ERS policy statement was
published in 2015 highlighting specific actionable plans
to increase utilization of PR. 43 This provides a good
framework for increasing referral and uptake of PR. We
will highlight some items from this along with suggestions
for the future.

Pulmonary rehabilitation currently is taught sporadically
at both the undergraduate and post-graduate levels.
While some post-graduate courses are available, they
are not mandatory or standardized. 43 Educational
authorities from varying disciplines including primary
care providers and allied health professionals, including
respiratory therapists and physiotherapists, should
develop standardized curricula to ensure PR is a
mandatory part of training. For those in clinical practice,
societies such as ATS/ERS should offer training sessions,
CMEs and other educational material to HCPs. Awareness
campaigns should go beyond the pulmonologists as other
providers such as primary care providers remain on the
frontline in caring for patients who would benefit from
PR.

Patient awareness and buy-in could be achieved via
dissemination of educational material by societies such as
ATS/ERS and advocacy groups in various settings such as
community clinics, hospitals, online, media campaigns and
partnership with pharmaceutical companies to promote
the use of PR .43 A systematic review of interventions to
promote referral, adherence and uptake of PR by
Watson et al found that patients held score cards (used
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to empower patients on their knowledge of COPD), staff
education and quality improvement initiatives increased
referral to PR. 51 Of note, in patients with underlying
anxiety or depression, one RCT found that cognitive
behavioral therapy along with PR improved adherence.
51 This highlights the need for additional support for
patients with mental health issues. Increasing awareness
and addressing co-morbidities are important steps.
However, if we do not address systemic problems and
disparities which exist, access will remain an issue.

Adequate funding is needed to sustain and expand PR
programs. This should start with payer awareness of the
true cost of PR and re-framing PR as a long-term cost-
saving measure. For example, the guideline highlights
that in the UK, PR stands at a favorable position in terms
of cost saving as compared to other treatments for COPD.
43 |n the United States, a study by Mosher et al published
in 2022 showed that patients participating in PR after
hospitalization for COPD had a potential for net savings
of $5721 /patient over the course of a lifetime and $1-
1.25 billons of savings for Medicare annually .52 Payers
should be made aware of studies such as this and at the
local level detailed costs of PR should be communicated
to the payers. Collaboration among patients, PR
providers, local government, professional societies and
advocacy groups is needed to ensure adequate funding
for PR centers and ensuring access where this is needed.
Adequate funding will ensure sustainability of current
programs, training and reimbursement of members of the
PR team and increasing programs to improve access.
Data on disparities should be made available to local
government and policy makers so that these issues can be
addressed. For example, audits of local numbers could
be performed with a goal to open a PR center where
there is a need.

There should also be standardization of the quality of PR
programs as previously highlighted. Professional societies
should publish expected standards which all PR programs
should meet. In addition, patient outcomes at each center
should be monitored and reported. A central body should
certify all PR programs and members of the team
delivering PR should require standardized certification as
well. This becomes more challenging as more novel
modalities of PR become available. This is one way to
address the issue of poor access. Evidence for these
modalities is emerging with some favorable outcomes as
we will highlight shortly. Especially in rural areas where
PR centers are currently not readily available,
telemedicine and home-PR are acceptable alternatives
while we work to improve access to formal PR centers.
We must, however, strike a good balance of improving
access by embracing these modalities while maintaining
quality standards.

We have highlighted some barriers and potential
solutions to increasing referral and uptake of PR. Work
has been ongoing and much more need to be done. In
order to coordinate these efforts, we agree with the
proposal by Carolyn Rochester in the review of barriers
to PR 47 that a National PR Action Plan similar to the
National COPD Action Plan in 2016 should be
implemented. This can be carried out in each country with
a goal of having standardized, collaborative efforts
among all stakeholders.

B. PROMOTING PHYSICAL ACTIVITY IN ADDITION TO
STANDARD EXERCISE TRAINING IN PR

For the purposes of this discussion, we use an accepted
definition of physical activity and exercise, >3 with the
former referring to bodily movement produced by
skeletal muscles that results in energy expenditure, and
the latter referring to a generally structured subset of
physical activity, undertaken with the goal of achieving
physical fitness. 54 Compared with age matched controls,
patients with COPD have diminished activity that begins
early in the disease and worsens as it progresses.55

Since its beginnings, exercise training with the goal of
increasing functional exercise performance has been a
prominent goal of PR. 7 56 57 58 59 |n fact, the authors of a
prominent systematic review defined PR as “... exercise
training for at least four weeks with or without education
and/or psychological support.” 34 This reductionist
approach is a bit short-sighted , since a 2021 American
Thoracic Society Workshop report based on Delphi
process feedback by experts in the discipline listed other
program components, such as structured education and
self-management strategies. 2 In a PR context, exercise
training improves not only functional and maximal
exercise performance, but also respiratory specific health
status, including domains of symptoms, activity, impacts
(SGRQ, and dyspnea, fatigue, mastery, and emotion
(CRQ). 34

Although the importance of regular physical activity in
well-being and survival for all people has been known
for some time, ¢0 61 it received more attention for COPD
when studies appeared that demonstrated the
relationship between self-reported physical activity and
subsequent health care use and mortality. For example,
Garcia-Aymerich and colleagues reported in 2006 that
individuals from Copenhagen with lung function
abnormalities consistent with COPD followed for 20
years who had very low self-reported activity had
significantly higher mortality and more hospitalizations
over this period than those who reported low, moderate,
and high activity. 62 This relationship was present even
after controlling for potential confounders. Although
causality cannot be determined, this relationship was
supported by a host of other studies. ¢3 64 65 66 67

The beneficial effects of higher levels of physical activity
in COPD has naturally led to considerable interest in
increasing its levels using PR as the modality. However,
trials of PR that incorporated physical activity as an
outcome have had mixed results, with some showing a
beneficial effect and some showing no significant effect.
68 |nterpretation of these results is hampered by the
heterogeneity of PR approaches. In particular, it appears
that the intervention to raise levels of physical activity
takes longer than that needed to increase exercise and
requires a greater emphasis on behavioral intervention.
24 55 |n this sense, increases in exercise capacity resulting
from PR are only permissive of increased activity.

The importance of motivation was emphasized in a non-
PR randomized, controlled trial aimed at increasing
activity in individuals with COPD.¢? The intervention group
received motivational interviews, advice on walking in
outdoor public spaces, and some feedback opportunities
including pedometers, calendars, brochures, a website,
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text messages, and walking groups. The control group
received usual care. Improvements in activity were noted
in only those in the treatment group who exhibited
increased motivation, but not in the intent to treat
analysis. This underscores the difficulty in changing
longstanding maladaptive behaviors.

An interesting research question published in a recent task
force include its aspects, involves separate
characterizations of its amount and intensity. 7 Amount
can be estimated as the number of steps per day, while
intensity can be assessed as the amount of time above a
certain metabolic equivalent (MET) threshold (either
expressed as total time or number of bouts). Although
further research is indicated, the consensus among
experts was that both factors are important.

C. USING TECHNOLOGY TO PROVIDE VIRTUAL
PULMONARY REHABILITATION EITHER AS A STAND-
ALONE OR HYBRID MODEL

Pulmonary rehabilitation traditionally is performed in a

PR center which is hospital-based or at times, at a stand-

alone center. However, as we have previously

highlighted, access to one of these centers is limited
particularly in rural areas. One solution to this is to
leverage information and communication technologies to
deliver PR remotely to patients’ homes or close to home
(telerehabilitation). This can be done via various
modalities including telephone or web-based platforms
delivered asynchronously or synchronously with real-time
videoconferencing to the home or an intermediary hub
such as a local gym. 7' Hybrid models which involve
assessment and care at both a traditional center and PR
at home have also been tried. Do these models work just
as well as traditional PR2 Could this then help solve the
issue of limited access? Let us first explore the evidence.

Many studies and subsequent systematic reviews have
been published on this subject. A Cochrane review by Cox
et al looked at 15 studies with 5 different modes of
telerehabilitation and concluded that telerehabilitation
achieved similar outcomes as center-based PR. 72 Two of
the studies looked at a “hub-and-spoke” model where PR
was delivered via videoconferencing from a traditional
PR center to a local health center. A more recent
systematic review and metanalysis by Uzzaman et al
looked strictly at home-PR (defined as PR delivered at
home and not including those done at a satellite centers)
vs usual care or traditional center-based PR. 73 Analysis
of six trials showed that functional exercise capacity
(6MWT being the most used standardized testing
method) was significantly improved in the home-PR group
as compared to the usual care group (SMD 0.88, 95% CI
0.32-1.44; p=0.002). Health related quality of life using
standardized scales was also significantly improved in
the home PR group as compared to usual care group
(SMD —0.62, 95% CI —0.88——0.36; p<0.01). There was
no statistically significant difference between home PR
and center-based PR in either outcome. 73 There seems to
be clear evidence that telerehabilitation is better than
usual care (without PR) and at least equivalent to
traditional PR. The ATS clinical practice guideline
recommends that for adults with stable chronic
respiratory disease, patients should be offered a choice
of center-based PR or telerehabilitation (strong
recommendation, moderate-quality evidence). 74 Note

should be made that although more evidence is emerging,
the studies are quite heterogenous. Furthermore, all
studies involve an in-center assessment prior to the start
remote intervention. The studies therefore do not full
reflect a fully remote program and perhaps the in-person
assessment to determine eligibility for telerehabilitation
may need to an initial part of all remote programs. The
ATS guideline also states that the current body of
evidence for telerehabilitation is not as extensive as
center-based PR which should still be offered as first line
with telerehabilitation as an alternative. 74 British Thoracic
Society (BTS) clinical statement on PR also caution that
further research is needed on telerehabilitation, and it
should only be offered to those who declined or failed
center-based PR. 75 It was also noted that most of the
studies are on patients with COPD and further research is
needed in patients with other chronic respiratory disease.

What can we take away from the available evidence
and guidelines2 One could clearly argue that
telerehabilitation is better than no rehabilitation at all.
However, we must ensure standardization of these
programs.”¢ With wide availability, we must be cautious
of third party telerehabilitation services that may not
include all necessary components of PR. One solution is to
develop an official certification with a published list of
certified telerehabilitation programs. Patient selection
will also be key as there are potential safety issues in
certain patient populations, e.g. an elderly patient on
home O2, performing high intensity exercise at home
alone. Caution should also be taken in comparing
telerehabilitation ~ with  traditional  center-based
rehabilitation as promotion of telerehabilitation could
result in funding taken away from center-based PR which
remains the gold-standard. Rather than being a direct
comparison, telemedicine should complement center-
based PR especially where access is limited.

D. USING SMART PHONE TECHNOLOGY TO PROVIDE
SOME COMPONENTS OF PULMONARY
REHABILITATION

A discussion on telerehabilitation would not be complete

without a brief discussion on smart phone technology.

Smart phones have very much become a part of

everyday life, and we would be remiss if we did not

leverage this in helping our patients access some
components of PR on this platform. A recent systemic
review and metanalysis by Chung et al looked at clinical
efficacy of mobile app-based self-directed PR vs
traditional PR. 77 Ten studies were included in the systemic
review and nine included in the metanalysis. Studies were
small with the largest study population being 343, and
some discrepancies in baseline characteristics and
outcomes. Different apps were included in the studies with
many using new applications and studies from the UK
using “myCOPD”- an app approved by the National
Health Services. There was heterogeneity in the content
of the apps; some apps provided education and
symptoms management programs while others provided
exercise programs only. Although not statistically
significant (apart from CAT score), results were trended
towards improved exercise capacity, symptoms scores,
quality of life outcomes and rehospitalization in the app-
based group. Apps can certainly be used to deliver some
components of PR such as education and potential for
individualized exercise plans based on built in
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pedometers in smartphones. We will reiterate that apps,
as with any other mode of telerehabilitation, need a
process for certification and standardization. This is an
emerging platform for telerehabilitation for which more
evidence is needed.

E. UTILITY OF PULMONARY REHABILITATION IN THE
INTEGRATED CARE OF THE COPD PATIENT

Recognizing the need to remove “silos’ in delivery of
medical services, the World Health Organization (WHO)
has promoted integrated care, which it defines as: “... a
concept bringing together inputs, delivery, management
and organization of services related to diagnosis,
treatment, care, rehabilitation and health promotion.
Integration is a means to improve the services in relation to
access, quality, user safisfaction and efficiency” 78
Integration in this context is especially important during
transitions of care, such as when the patient moves from
the hospital to the home or extended care facility. To
meet this challenge, the Joint Commission, an organization
with a mission “... to continuously improve health care for
the public, in collaboration with other stakeholders, by
evaluating health care organizations and inspiring them to
excel in providing safe and effective care of the highest
quality and value” 79 Seamlessly transitioning care is a
goal of the commission and, in a publication, it lists
insufficiencies  in  cross-site  communication  and
collaboration, inadequate knowledge and subsequent
transfer of specific patient factors (such as lack of
knowledge of patient wishes, abilities and goals of care)
and medication reconciliation failures. 80

Poot and colleagues 8! published a systematic review of
integrated disease management for COPD in 2021. For
their review, the investigators required the interventions
to be multi-disciplinary (two or more healthcare
providers) and multi-treatment (two or more components).
This definition overlapped somewhat with the WHO
definition provided above but under-emphasized the
element of transition of care. With this caveat in mind, the
systematic review demonstrated significant improvements
in respiratory-specific quality of life, exercise capacity,
and respiratory-related and all-cause hospitalizations.
Thus, even without the emphasis on transition of care,
health care utilization was reduced.

The complex nature of COPD, including its substantial
variability in symptoms and treatment requirements,
often prominent systemic effects, frequent and
debilitation exacerbations, and common comorbidity,
requires integration of care for optimal outcome. The
need for integration of services is arguably most acute
following discharge for COPD exacerbations, when
adequate communication among health care providers
and systems is often lacking. 82 Participation in PR permits
weeks of ongoing interaction between the patient and
health care provider, and along with its holistic approach
to patient care and strong promotion of collaborative
self-management, this comprehensive intervention fosters
integrated care. 83 While PR is associated with decreased
health care utilization post-hospitalization, 84 it is not
known which components of the intervention are
responsible for this beneficial outcome. Furthermore, since
PR uptake post-hospitalization for COPD is only about
2%, 8 marked increases in this utilization would be

necessary for it to have a substantial effect in the societal
costs of the exacerbation.

F. PULMONARY REHABILITATION IN THE POST-
EXACERBATION PERIOD (DOES IT PROVIDE THE
HOLY GRAIL IN PULMONARY REHABILITATION
OUTCOMES?)

It has been known for decades that participation

comprehensive PR leads to a significant and clinically

meaningful increases in exercise tolerance, decreases in
distressing symptoms of dyspnea, fatigue, anxiety and
depression, and improvements in health status (health-
related quality of life) and self-efficacy. 13143686 |n
addition, uncontrolled 87 88 and systematic reviews of

controlled studies 368° suggest that, when PR s

administered following respiratory exacerbations (when

risk for subsequent hospitalization is high) health care
utilization is decreased. These outcomes are, of course, of
considerable importance to the individual patient.

However, data indicating that that PR has a survival

benefit would be of obvious significance. To date,

systematic reviews of controlled studies of the effect of

PR on survival in COPD have not demonstrated consistent

benefit in this important outcome area.

A systematic review by Puhan and colleagues, 87
published in 2005, reported a relative risk for mortality
of 0.45 (95% confidence interval (Cl), 0.22 to 0.91).
However, the review included only three trials, with
follow-up among the trials ranging from 3 to 48 months,
and the overall findings strongly influenced by one
considerably larger study. 90 A subsequent review
published in 2016 with the same first author, 3¢ now
including six trials, showed high heterogeneity in trials
and failed to demonstrate a significant effect of PR on
mortality: pooled odds ratio = 0.68 (95% Cl 0.28 to
1.67). This result was strongly influenced by one large
study published in 2014, involving 196 and 193 COPD
patients in intervention and usual care groups,
respectively. The intervention was exercise rehabilitation
begun within 48 hours of hospitalization. Subsequent
hospitalizations (primary outcome) were not significantly
different between the groups, and mortality (secondary
outcome) was actually higher in the intervention group. 91
The reason(s) for these apparently anomalous results in
this single study remain unclear. Survival analyses in PR
trials are consistently fraught with difficulty because of
their relatively small size making them under-powered
for this outcome, heterogeneity in their treatments, and
differences in follow up durations.

A study by Lindenauer and colleagues, 85 published in
JAMA in 2020, was designed to evaluate the effect of
PR initiated post-discharge among U.S. Medicare
patients who were hospitalized in 2014 and 2015 with
codes indicating exacerbations for COPD. All-cause
mortality in those patients who initiated PR within 90 days
of discharge (as determined by outpatient Medicare
billing) was compared to that of a matched sample of
those who did not. Of 197,376 hospitalized patients
meeting their criteria, 2721 (1.5%) initiated PR within 90
days of the index hospitalization. Propensity matching
included sociodemographic factors, Medicare-Medicaid
dual eligibility, tobacco use, comorbidities, frailty, and
markers of disease severity. Propensity-matched cohorts
(2710 in each of the PR and no-PR groups) were then
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compared with respect to subsequent all-cause mortality
over one year.

Pulmonary rehabilitation initiated within 90 days of
hospital discharge was associated with an impressively
lower all-cause mortality over the ensuing year: hazard
ratio = 0.63 (95% Cl, 0.57 to 0.69). The mortality
reduction was present across a range of post-
hospitalization PR start times. Furthermore, there was a
significant, positive association between the number of PR
sessions attended and reduction in mortality. In summary,
this was a very large, real-world study involving US
COPD Medicare patients, generally aged 65 or older
that demonstrated a substantial survival benefit in those
who participated in PR following hospitalizations for
exacerbations. While not a randomized, controlled trial
and thus potentially subject to biases and unmeasured
confounders, it nevertheless provides important data on
this important outcome and some evidence supporting a
potential benefit in mortality. The study also points out a
glaring statistic: despite a likely benefit in reducing
mortality, its uptake following hospital discharge was
only 1.5% - a disparity not missed by the editorial
accompanying the article. 92

G. A BRIEF REVIEW OF PULMONARY REHABILITATION
IN DEVELOPING COUNTRIES
Access and utilization of pulmonary rehabilitation
continues to be suboptimal globally. Barriers to referral,
uptake and completion seems to be different in well-
developed countries as compared to low- and middle-
income countries. In a recent systematic review of 112
publications out of 78 developing and underdeveloped
countries, PR was found to be established only in 17 of
the included countries. (93) Another recent qualitative
study that focuses on factors that affect access to
pulmonary rehabilitation in Iran included 11 people with
COPD and 9 family members who were their primary
caregivers. Inaccessibility of service and inadequate
insurance availability to cover the program were
highlighted as major factors impairing access to
pulmonary rehabilitation in the study. (94) Another
review that focused on implementation of rehabilitation
services in low-income countries found that limited funding
and minimal resources hampers successful delivery of PR.

(95) More recently, a qualitative study by Bickton at all
explored barriers and enable her to pulmonary
rehabilitation and low- and middle-income countries by
doing anonymous interviews of healthcare professionals
with PR experience. Major barriers included limited
resources, low awareness, coronavirus disease 2019 and
patient access related cost. Possible enablers for PR
expansion include local adaptation, motivated patients,
better awareness and recognition, provision for PR
training and resource support. (96) Ongoing
collaborations between the National Institute of health
research in UK along with global partners including India,
Uganda, Kyrgyzstan, and Sri Lanka aims at improving
access to pulmonary rehab in developing countries while
focusing on cultural adaptations. This date is not known
as the global RECHARGE core data set (NIH Global
health research group on respiratory rehabilitation) aims
to collect data for different countries including
demographics, lung health measures, comorbidities,
health assessment at baseline, physical measures,
treatment and outcome measures including functional
status as well as rehabilitation completion, duration of the
program, attendance as well as adverse events during
pulmonary rehabilitation to help guide implementation
globally. (97) Use of tele-rehabilitation and home-based
models might be extremely beneficial in limited resource
countries as well.

Conclusion:

The science of pulmonary rehabilitation, although young
in its inception, has been proven to be an effective
therapy for improving a multitude of health outcomes in
both stable and post exacerbation COPD. For cost
effectiveness and COPD care, pulmonary rehabilitation is
second to smoking cessation only. However, access and
uptake of pulmonary rehabilitation continues to be
dismal. Successful implementation of newer technology
including smart phones, tele-rehabilitation and home-
based pulmonary rehabilitation might drive the future in
improving delivery of PR services. Consideration of policy
changes and reimbursement drivers will help overcome
economic challenges and implementing successful
pulmonary rehabilitation programs.
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