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Abstract: Pulmonary rehabilitation is a strongly recommended and effective treatment for people
with chronic lung disease. However, access to pulmonary rehabilitation is poor. Globally, pulmonary
rehabilitation is accessed by less than 3% of people with chronic lung disease. Barriers to referral,
uptake and completion of pulmonary rehabilitation are well documented and linked with organiza-
tional, practitioner and patient-related factors. Enhancing the knowledge of health care professionals,
family carers, and people with chronic lung disease about the program and its benefits produces
modest increases in referral and uptake rates, but evidence of the sustainability of such approaches is
limited. Additionally, initiatives focusing on addressing organizational barriers to access, such as
expanding services and implementing alternative models to the conventional center-based setting,
are not yet widely used in clinical practice. The COVID-19 pandemic has highlighted the urgent need
for health care systems to deliver pulmonary rehabilitation programs remotely, safely, and efficiently.
This paper will discuss the pressing need to address the issue of the low accessibility of pulmonary
rehabilitation. It will also highlight the distinctive challenges to pulmonary rehabilitation delivery in
rural and remote regions, as well as low-income countries.

Keywords: pulmonary rehabilitation; health care services; chronic respiratory disease; health service
design; COVID-19; integrated care

1. Definition and Benefits of Pulmonary Rehabilitation

Pulmonary rehabilitation is an important treatment for people with chronic lung
disease [1]. The official American Thoracic Society (ATS)/European Respiratory society
(ERS) statement defined pulmonary rehabilitation 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 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’ [2]. The
recent official ATS Workshop Report on defining pulmonary rehabilitation further identified
13 essential components of pulmonary rehabilitation across domains of patient assessment
(exercise capacity, quality of life, dyspnea, nutrition and occupational status), program
content (endurance and resistance training), method of delivery (exercise programs that
are individually prescribed and progressed by experienced staff) and quality assurance
(adequate training for health professionals) [3].

In people with chronic obstructive pulmonary disease (COPD), strong evidence con-
firms that pulmonary rehabilitation optimizes muscle function, improves exercise capac-
ity, reduces dyspnea and enhances health-related quality of life [4]. Further evidence
demonstrates that pulmonary rehabilitation offered early after hospital discharge from
an exacerbation of COPD can reduce the likelihood of readmission by 56% [5]. In people
with idiopathic pulmonary disease (IPF), a recent Cochrane review (updated 2021) found
pulmonary rehabilitation to be safe and effective, with clinically meaningful benefits for
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patients [6]. Indeed, individuals with IPF who had received pulmonary rehabilitation
reported physical, psychological and social gains [7]. A growing body of evidence also
reports beneficial effects of pulmonary rehabilitation in people with bronchiectasis and
pulmonary hypertension [8,9]. The impact of pulmonary rehabilitation on people with
chronic lung disease is summarized in Table 1. Despite these important benefits, pulmonary
rehabilitation is universally underutilized, and referral, uptake and completion rates are
alarmingly low. This paper will highlight the urgent need to expand pulmonary rehabilita-
tion services, and the potential role for tele-medicine to enhance pulmonary rehabilitation
outcomes.

Table 1. Benefits of pulmonary rehabilitation on people with chronic lung disease reported in systematic reviews.

Respiratory
Conditions

Maximal Exercise
Capacity

Functional Exercise
Capacity Quality of Life Dyspnea

Re-Admission
Due to

Exacerbation

Chronic
obstructive

pulmonary disease

Peak workload (MD
6.77 Watts, 95% CI

1.89 to 11.65;
16 studies) [4]

Six-minute walk
distance (MD 43.93 m,
95% CI 32.64 to 55.21;

38 studies) [4]

SGRQ total (MD
−6.89, 95% CI
−9.26 to −4.52;
19 studies) [4]

Modified Borg
Scale (MD

−0.62 points,
95% CI −1.10

to −0.14;
12 studies) [10]

Re-admissions
(OR 0.44, 95%
CI 0.21 to 0.91;
8 studies) [5]

Idiopathic
pulmonary fibrosis

Peak workload (MD
9.04 Watts, 95% CI

6.07 to 12.0;
4 studies) [6]

Six-minute walk
distance (MD 40.07

metres, 95% CI 32.70
to 47.44; 13 studies) [6]

SGRQ total (MD
−9.29, 95%CI

−11.06 to −7.52;
11 studies) [6]

mMRC: MD)
−0.36, 95% CI
−0.58 to −0.14;
7 studies) [6]

NR

Pulmonary
hypertension

Peak workload (MD
16.4 watts, 95% CI

10.9 to 22.0;
4 studies) [9]

Six-minute walk
distance (MD 60.12 m,
95% CI 30.17 to 90.07;

5 studies) [9]

SF-36 physical
(MD 4.63, 95% CI

0.80 to 8.47;
2 studies)

SF-36 mental (MD
4.17, 95% CI 0.01 to
8.34; 2 studies) [9]

NR NR

Non-cystic fibrosis
bronchiectasis NR

Incremental shuttle
walk distance (MD 67

m, 95% CI 52 to 82;
3 studies) [8]

SGRQ total (MD
−4.65; 95% CI,
−6.7 to −2.6,
2 studies) [8]

NR NR

MD: Mean difference between pulmonary rehabilitation and usual care; SGRQ: St George respiratory questionnaire; CI: Confidence interval;
OR: Odds ratio; mMRC: modified medical research council; NR: Not reported.

2. Barriers to Accessing Pulmonary Rehabilitation

Decades of research has demonstrated consistent barriers to access to pulmonary
rehabilitation. The official ATS/ERS statement of 2015 highlighted important barriers
to pulmonary rehabilitation including insufficient funding, limited resources and lack of
knowledge and skill of healthcare professionals and patients regarding the benefits of
pulmonary rehabilitation [11]. In 2017, a systematic review using the theoretical domains
framework studied barriers to referral, uptake and participation in 48 scientific reports [12].
Overall, 70% of included articles identified environmental barriers, 38% reported barriers
related to lack of knowledge about pulmonary rehabilitation and 31% reported barriers
related to beliefs about consequences [12]. Common barriers to pulmonary rehabilitation
across the domains of referral, uptake and completion are shown in Figure 1, along with
examples of interventions that aim to address the critical determinants of pulmonary
rehabilitation participation.
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Figure 1. Common barriers and studied interventions of pulmonary rehabilitation access across the domains of referral,
uptake and completion. PR: pulmonary rehabilitation; HCP: health care professionals; GPs: general practitioners. Data are
from references [13–19].

3. Referral to Pulmonary Rehabilitation

While there has been a modest improvement over the last decade, current rates of
referrals to pulmonary rehabilitation in COPD remain suboptimal worldwide. In 2018, a
scoping review of 10 developed countries found referral rates of 35% of eligible patients
or lower in over 90% of included studies [20]. A more recent United Kingdom (UK)
audit reported that in primary care, only 16% of people with COPD were referred to
pulmonary rehabilitation [21]. Referral rates appear to be similar in developing countries.
A recent survey of health care professionals and people with COPD in Uganda reported
that referral rates to pulmonary rehabilitation were only 23%, despite high interest in
the program from 92% of patients surveyed [22]. Referral rates appear to be lowest post-
hospitalization due to exacerbation of COPD based on a recent audit, with only 1.9% of
patients receiving pulmonary rehabilitation within 6 months post-hospitalization and 2.7%
within 12 months [23,24]. For people with IPF, referral rates are poorly reported worldwide.
A recent United States (US) analysis from an American IPF registry showed low rates of
referrals of 727 individuals with IPF, with only 19% referred [25].

In a recent editorial in JAMA, Rochester et al. highlighted that one of the key barriers
to pulmonary rehabilitation referral was the poor recognition of its benefits by health
care organizations [26]. This is partially represented by the limited resources and funding
that are dedicated to pulmonary rehabilitation services. In 2015 worldwide, pulmonary
rehabilitation was available to 2.7% of people with COPD [27]. A US study reported
that 59% of US counties do not have a hospital outpatient program located in its tertiary
hospitals [28]. Additionally, only 70 Australian outpatient programs were available in
the regional and rural areas that are home to 30% of the Australian population [29]. A
Canadian survey reported that in 2015, the services of Canadian programs offered access
to 0.4% of patients with COPD [30].

The two most common barriers to referral are related to the lack of healthcare pro-
fessionals’ knowledge: knowledge about the construct of pulmonary rehabilitation and
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knowledge about its benefits [11]. In the US, 61% of 154 respiratory clinicians had no
knowledge about any health care recommendations for pulmonary rehabilitation refer-
ral [31]. A German cross-sectional survey of 590 pulmonary specialists reported that 62%
perceived the program to be suitable for patients with moderate COPD, while 31% re-
garded it necessary in severe COPD [32]. In the UK, general practice patients were more
likely to be referred if they were depressed, had a recent exacerbation of COPD or were
ex-smokers [21]. In another survey-based study in Sri Lanka, 83% health care professionals
were unsure of what made their patients eligible for the program [33]. In Uganda, 77% of
health care professionals did not have enough information about the program while 47%
identified lack of time to complete the referral process [22]. Referral rates in people after
exacerbation of COPD were lower in staff who did not perceive confidence in pulmonary
rehabilitation prescription and had poor recall of care recommendations for referral [24].
Patient travel time was also regarded as a barrier to rehabilitation referral, as health care
professionals in New Zealand reported that they were less likely to refer patients to an
on-site rehabilitation center that is located more than 20 km from their patient’s residential
address [34].

4. Uptake and Completion of Pulmonary Rehabilitation

Pulmonary rehabilitation uptake, which has been defined as the percentage of referred
patients who attend the program for their initial assessment or attend at least one session [3],
is also inadequate. A UK audit in 2013–2014 estimated that of 68,000 people with COPD
who were referred to pulmonary rehabilitation, 69% received their initial assessment
and first session [35]. Another audit from New Zealand reported similar percentages,
with 80% of referred patients attending at least one session [36]. Uptake in patients post-
hospital discharge due to exacerbation of COPD is even lower. A UK audit reported that,
of 90 pulmonary rehabilitation referrals arranged after discharge from hospital due to
exacerbation of COPD, 68 patients attended their initial rehabilitation assessment and only
60 commenced the program [23].

Completion of pulmonary rehabilitation has been defined as the percentage of atten-
dees who underwent 70% of sessions or those who completed their end-rehabilitation
assessment [3]. It is reported that 10–32% of people who start do not complete the pro-
gram [37,38]. A national New Zealand survey conducted in the low-population den-
sity of southern regions reported completion rates of 3% of people with severe COPD
who attended pulmonary rehabilitation [34]. Completion rates appeared more promis-
ing in the UK as a recent audit reported 67% of individuals who attended undertook
end-rehabilitation assessment [39]. A predictor analysis reported that people with low
socioeconomic status, more severe disease and more breathlessness had lower odds of
pulmonary rehabilitation completion [21].

Lack of perceived benefits of rehabilitation is a strong barrier to program uptake [40].
One qualitative review reported that patients perceived negative associations with the
name of the treatment, “Rehab sounds like . . . when we used to take people to rehab centers sort
of thing, old people, something like that, which would turn me off actually” [41]. Perceptions
about pulmonary rehabilitation were also influenced by cultural and educational back-
grounds. The impact of cultural background, especially that of indigenous populations, is
often overlooked by health care providers’ lack of understanding of ‘cultural safety’ [42].
Cultural safety is defined as “a focus for the delivery of quality care through changes in thinking
about power relationships and patients ‘rights’” [42]. In the context of pulmonary rehabilita-
tion, health care professionals should be skilled in building culturally safe interactions
with rehabilitation attendees from diverse cultural backgrounds. This could be achieved
through adequate levels of critical consciousness and empathy, which facilitate health eq-
uity amongst attendees [43]. Another barrier to uptake is the negative influence that could
be given to the program by the referring physician, “this may or may not help you!” [44].

In another qualitative study in people who declined pulmonary rehabilitation post-
exacerbation of COPD, guilt, fear of others’ judgment and reduced help-seeking appeared
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to be a strong barrier to uptake, “I think sometimes the doctors can be very abrupt with you, ... I
don’t know whether it’s my imagination . . . perhaps my guilt thinking oh perhaps they haven’t got
much patience with me because it’s self-inflicted, I don’t know.” [45]. People with COPD often fear
that the intensity of the program will exceed their physical capabilities [38]. Additionally,
unsuccessful previous experiences with management of COPD may negatively influence
uptake of current referrals [46].

Other important barriers to uptake of pulmonary rehabilitation occur at the organiza-
tional level. Environmental factors such as travel time, use of public transport, and weather
conditions are well-known barriers of rehabilitation uptake [30,40,47,48]. Longer travel
time has been reported as a predictor for non-adherence to rehabilitation in the UK [49].
In Australia, a qualitative study explored the complex contributions of travel time as a
barrier [48]. One reason was the inaccessibility of public transport or a car, “I just can’t make
it because I have no car and I have to walk all the way down to X Rd; that takes me about half an
hour.” (p3) [48]. Another reason was the cost associated with travel, which is not always
covered by outpatient services, and the impact of physical comorbidities on functional and
community mobility [48].

5. Challenges of Pulmonary Rehabilitation for Vulnerable Populations
5.1. Pulmonary Rehabilitation in Remote Regions

While access to rehabilitation services is poor worldwide, living in remote regions
or rural areas acts as an added disadvantage for people with chronic lung disease. A US
survey indicated that pulmonary rehabilitation centers are more established in metropoli-
tan counties, while 73% of rural counties do not have an outpatient program [28]. In
Australia, health service delivery variations were observed in the management of people
post-exacerbation of COPD in both rural and urban locations [50]. Interventions to address
uptake of rehabilitation in rural areas are scarce [51,52]. One Australian study tested the
impact of an educational program followed by an update workshop on pulmonary reha-
bilitation in rural areas and in remote regions [52]. Following this program, three-locally
run pulmonary rehabilitation services that met the Australian practice guidelines were
established [52]. However, the sustainability of these programs and its implementation in
practice are not assured, given that the remote services rely solely on internal funding or
in-kind support [52]. A recent review of pulmonary rehabilitation services in rural areas in
Australia and New Zealand indicated the limited literature on cost-effectiveness of care
models in these areas [53].

5.2. Pulmonary Rehabilitation Centers in Developing Countries

A recent systematic review of 112 publications in 78 developing and underdeveloped
countries found that pulmonary rehabilitation is established in only 17 of the included
countries [54]. A qualitative study of 11 people with COPD and 19 family caregivers
explored the barriers to access of pulmonary rehabilitation in Iran. Two distinctive major
themes were highlighted concerning the inaccessibility of the service and the inadequate
insurance available to cover the program [55]. Another review on the efficiency of reha-
bilitation services in low-income countries reported that implementation was likely to
be successful if it was delivered with minimal resources, as funding is very limited [56].
Initiatives to improve access to pulmonary rehabilitation in developing countries with
cultural adaptations are currently underway through the Global RECHARGE program,
comprising collaborations between the National Institute for Health Research in UK and
partners in India, Sri Lanka, Kyrgyzstan and Uganda [57]. To date, protocols of RCTs
aiming to study the impact of pulmonary rehabilitation in Uganda, [58] and Sri Lanka [59]
are being issued.

6. Interventions Aiming to Improve Referral Rates

Enhancing the knowledge of health care professionals on pulmonary rehabilitation
has been prompted by the insights of health care professionals themselves, “If we know
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what happens (in pulmonary rehabilitation) then we can sell it better (practice nurse)” [60]. A
systematic review of 10 studies that tested interventions to improve referral rates described
significant increases in referral rates using three different interventions [61]: a patient-held
score card containing pulmonary rehabilitation as an a important standard of quality care
(a quasi-experimental study, 6% increase in referral rates) [13], general practice educational
programs in primary care (longitudinal studies, 3–4% increase in referral rates) [14,15] and
a clinician educational program in a hospital outpatient department (longitudinal cohort
study, 36% increase in referral rates) [16]. Unfortunately, these educational programs have
had a modest impact on referral rates. The review further highlighted that none of the
referral interventions were targeted to optimize the accessibility of rehabilitation programs
on a system-level, but rather focused on enhancing the knowledge of patients attending
the service and upskilling health care professionals involved in COPD care [61].

One retrospective analysis reported that a Canadian hospital that includes a Living
Well with COPD (LWW COPD) program had an 85% referral rate to pulmonary rehabili-
tation compared to hospitals without LWW COPD (12% referral rate) [62]. Additionally,
100% of the patients in the LWW COPD hospital received advice about pulmonary reha-
bilitation from their respiratory specialists [62]. One of the key goals of the LWWCOPD
program is to facilitate the different settings of pulmonary rehabilitation practice, including
‘satellite’ modes of rehabilitation delivery in partnership with primary care institutions [63].
Optimizing the accessibility of rehabilitation services through satellite centers linked to
an experienced tertiary site could be a promising approach. Further research should be
directed to understand the relationship between service expansion and referral rates.

7. Interventions Aiming to Improve Uptake and Completion

Two systematic reviews appraised interventions to optimize uptake of pulmonary
rehabilitation [61,64]. One systematic review [61] described two programs that produced
statistically significant increases in uptake: a patient manual summarizing evidence for
COPD treatments (a non-randomized controlled before and after trial, 18% increase in
uptake rates) [17] and an individualized care plan supported by a partnership between
nurses and general practitioners (a clustered RCT, 21% increase in uptake) [18]. Similar to
interventions aiming to optimize referral, environmental barriers are often overlooked in
the current literature. A second systematic review [64] included one controlled trial (but
not randomized nor blinded) that added a computer tablet to support exercise training in
pulmonary rehabilitation versus rehabilitation alone [65]. Inclusion of the tablet aimed to
increase patient motivation for home training and direct reporting of exercise to health care
professionals online [65]. Completion rates were higher in the intervention group (17.4%
vs. 8.7% in the control group) but differences did not reach statistical significance [65].
The review also acknowledged the need for more interventions aiming to address uptake,
including environmental modification and service expansion [64]. Another highlighted gap
is that studies were conducted in high-income countries and there were no interventions in
low-to-middle income countries, where over 90% of global deaths from COPD occur [66].

8. Access to Telerehabilitation and Home-Based Rates

From the start of the twenty-first century, tele-medicine has been reported to have
many benefits, especially in providing care in a non-emergency setting [67]. Benefits
such as improving access to care and reducing the use of health care resources are well-
documented in clinical practice [68]. Indeed, a systematic review of qualitative analyses of
patient-perceived benefits of tele-medicine included, reduced travel time, effective commu-
nication, ease of access, and low cost [69]. In 2015, an ATS/ERS statement on pulmonary
rehabilitation highlighted the urgent need to find novel programs as an alternative to the
traditional outpatient service and stated that this was an essential approach to addressing
the underutilization of the current model [11]. Over recent decades, deliberate efforts were
devoted to evaluate the effects of alternative models in people with COPD [70]. Indeed, a
number of robust randomized controlled trials have shown similar benefits with home-
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based pulmonary rehabilitation and tele-rehabilitation to the center-based model [71–74].
Furthermore, two recent meta-analyses showed no significant difference in exercise capacity
and quality of life gains between the two models [75,76]. Additionally, a recently published
Cochrane review of telerehabilitation in chronic lung disease reported higher completion
rates of telerehabilitation versus in-person or traditional pulmonary rehabilitation (93%
versus 70%, respectively) [19].

These novel models of rehabilitation are not broadly adopted in usual care worldwide,
although the COVID-19 pandemic has accelerated uptake. Small scale implementation
studies carry promising results. In Australia, the HomeBase model from the HomeBase
trial [72] was rolled out into clinical practice [77]. Over the course of one year, 36% of those
referred to pulmonary rehabilitation chose to undertake home-based rehabilitation, 71%
attended their initial assessment and 75% of those completed the program [77]. Roll-out
participants indicated that they would not have attended pulmonary rehabilitation if only
center-based care was offered [77]. Successful implementation on a broader scale requires
consideration of policy and reimbursement drivers, as well as robust quality assurance
processes [3].

9. Pulmonary Rehabilitation during COVID-19 Pandemic

People with chronic lung disease are amongst the most vulnerable groups to devel-
oping severe complications with COVID-19 [78]. The World Health Organization advised
patients to stay at home and avoid social contact to the maximum extent possible [79].
This increased susceptibility to physical deconditioning and exercise avoidance. The pan-
demic forced a rapid pivot to remote services, which now highlights the urgent need
for robust models with strong quality assurance [80]. A recent systematic review on the
use of tele-medicine during COVID-19 reported that tele-medicine improves the provi-
sion of quality health services while minimizing the risk of COVID-19 transmission [81].
As a preliminary response to prompt clinical practice implementations of remotely de-
livered pulmonary rehabilitation, several health care platforms included resources for
tele-rehabilitation and home-based rehabilitation, including the homebased rehabilita-
tion website: https://homebaserehab.net/ (accessed on 13 October 2021). Additional
remotely delivered pulmonary rehabilitation recourses include the Canadian Thoracic
Society pulmonary rehabilitation-endorsed program and guidance on virtual models of
pulmonary rehabilitation from the Agency for Clinical Innovation in New South Wales,
Australia [82,83].

10. Conclusions

Access to pulmonary rehabilitation is suboptimal worldwide. Whilst barriers to
referral, uptake and completion are well described, there have been few interventions that
successfully modify these factors. Improving access to pulmonary rehabilitation through
the use of telerehabilitation and home-based models shows promise but requires policy
drivers for widespread implementation. The COVID-19 pandemic has highlighted the
need to optimize the remote delivery of pulmonary rehabilitation services, with strong
quality assurance to ensure optimal patient outcomes.
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