
Rapid real-world implementation of pulmonary
telerehabilitation: good fortune or COVID-19 luck?

To the Editor:

Pulmonary rehabilitation (PR) is a recommended component of care for people with chronic respiratory
disease [1], with benefits supported by robust evidence [2]. As a result of significant barriers to attending
outpatient PR, alternative models of programme delivery have been increasingly studied [3]. Current
evidence suggests that telerehabilitation delivered in clinical trial settings achieves similar outcomes to
traditional centre-based PR [4, 5]. However, pre-coronavirus disease 2019 (COVID-19), real-world
implementation of telerehabilitation was limited to models making use of minimal equipment and without
real-time supervision of exercise training [6] or those that required patients to attend a centre to undertake
rehabilitation [7]. This may be a consequence of limited knowledge and confidence of health professionals
in programme implementation and adaptation of programmes to their local context [8], or the delay
between evidence generation and clinical implementation [9]. The aim of this process evaluation was to
prospectively describe the implementation of a home-based, advanced technology telerehabilitation
programme into a real-world clinical service within the context of the COVID-19 pandemic. We
specifically sought to address the question “what factors are associated with clinical implementation of a
programme of telerehabilitation for people with chronic respiratory disease?”

From August 2016 to May 2020 we conducted a randomised controlled equivalence trial comparing
home-based telerehabilitation to centre-based PR [5]. In response to COVID-19 restrictions on in-person
delivery of PR, commencing in September 2020 individuals referred to PR at Alfred Health (Melbourne,
Australia) were offered the option of an 8-week home-based telerehabilitation programme comprising one
home-visit followed by twice weekly virtual group sessions which encompassed exercise training with
real-time supervision and self-management education. According to our published model [5], and using
resources procured during the clinical trial, equipment for videoconferencing and exercise training,
including an exercise bike, tablet device and monitoring equipment was provided to patients, as necessary.
All participants were prescribed an individually tailored training programme of both aerobic and resistance
exercise. Disease-specific education and self-management training topics were individualised based on
patient-identified need. In a departure from trial procedures, all participants undertaking real-world
telerehabilitation were required to have their own internet (WiFi) access. Standard PR assessments [3] were
conducted pre- and post-programme, and programme completion was defined as undertaking ⩾70% of
prescribed sessions. Real-world implementation was evaluated against the RE-AIM framework (reach,
effectiveness, adoption, implementation, maintenance) [10] with assessment outcomes guided by the
framework and determined a priori.

Statistical analyses were conducted using IBM SPSS statistics (version 29.0; IBM Corp., Armonk, NY,
USA). Descriptive statistics are presented as mean±SD or median (interquartile range). Categorical variables
are reported descriptively (n, %). Clinical outcomes were analysed using paired t-tests or the nonparametric
equivalent, depending upon distribution. Ethics approval to report the implementation evaluation was
received prospectively (Alfred Health HREC project 723/20), including waiver of the requirement for
informed consent.

Reach was determined by total number of PR referrals, participant characteristics, attendance and
completion of assessments and rehabilitation sessions (table 1). In the 33-month evaluation period to June
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TABLE 1 Outcome data according to the RE-AIM (reach, effectiveness, adoption, implementation, maintenance) framework

Outcome

Reach: the extent to which the intervention reaches the target population
Total number of people referred to PR 1166
Initial assessments completed 422 (36)
Number commenced telerehabilitation 66 (16)

Participant characteristics
Male:female 37:29
Age years 60±11
Diagnosis

COPD 13 (20)
ILD 18 (27)
Bronchiectasis 6 (9)
Asthma 2 (3)
Pulmonary hypertension 4 (6)
Post-COVID-19 13 (20)
Other 10 (15)

FEV1 L 2.02±0.9
FEV1 % predicted 68.7±27.3
FVC L 3.23±1.47
FVC % predicted 81.9±21.6
Smoking status

Current 2 (3)
Quit 41 (62)
Never 22 (33)
Unknown 1 (2)

BMI kg·m−2 29.2±5.9
Prior experience of videoconferencing 57 (95)

Number of home-visits completed 62 (including 9 remote home-visits)
Programme completers for primary PR (⩾70% prescribed sessions) 47 (73)

Effectiveness: the impact of an intervention on important outcomes
Clinical outcomes change from baseline
CRQ dyspnoea domain# 3.7 (0.9–6.4)+,*
CRQ emotion domain# 3.2 (0.5–5.8)+,*
CRQ fatigue domain# 2.1 (0–4.2)+,*
CRQ mastery domain# 1.6 (−0.0–3.2)
mMRC dyspnoea scale¶ Baseline 2 (1–3) versus end PR 1 (1–2)+,*
HADS Anxiety¶ Baseline 5 (2–9) versus end PR 5 (1–9)
HADS Depression¶ Baseline 5 (3–9) versus end PR 3 (1–6)
CAT# −0.6 (−2.2–1.1)
6MWD# 20 (6–34)*

Adverse events 2
Adoption: organisational support to deliver the intervention

New staff trained to deliver telerehabilitation 8
New staff trained to undertake home-visits 4

Implementation: at both the setting and individual level: fidelity of intervention delivery;
intervention adaptations
Delivery of programme components
Home-visits undertaken 62
Time for home-visits min 92±28
Total time for home-visits (visit+travel) min 136±63
Number to attend ⩾1 education session 17 (26)

Programme adaptations All participants supplied own WiFi
25 (38%) supplied own exercise equipment or

internet-enabled device
Number of telerehabilitation sessions completed per participant¶ 14 (11–16)

Maintenance: the extent to which a programme or policy becomes institutionalised or part of
the routine organisational practices and policies
Ongoing programme delivery Purchase of 8 dedicated telerehabilitation kits
Ongoing home exercise programme prescribed/referred 64 (97)

Data are presented as n, n (%) or mean±SD, unless otherwise stated. PR: pulmonary rehabilitation; ILD: interstitial lung disease; COVID-19:
coronavirus disease 2019; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; BMI: body mass index; CRQ: Chronic Respiratory Disease
Questionnaire; mMRC: modified Medical Research Council; HADS: Hospital Anxiety and Depression Scale; CAT: COPD Assessment Test; 6MWD: 6-min
walk distance. #: mean difference (95% CI); ¶: median (interquartile range); +: exceeds minimal important difference. *: p<0.05.
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2023, 1166 people were referred with 422 initial assessments conducted (36% of those referred). 66
programmes of telerehabilitation were embarked upon (16% of all initial assessments), representing 60
unique individuals who undertook a total of 777 sessions. Telerehabilitation was undertaken twice in the
evaluation period by six individuals. 42 post-rehabilitation assessments were completed (reasons for
noncompletion: self-discharge n=5 (after range 1–10 telerehabilitation sessions); received lung transplant
n=2; failed to start programme n=3; transitioned to centre-based PR n=1; did not attend assessment n=8;
medically unable n=3; ongoing maintenance attendee n=1; assessment completed as part of other clinical
trial n=1). 73% (n=47) of participants achieved programme completion.

Effectiveness was evaluated by clinical outcomes and the occurrence of adverse events. Participants
demonstrated statistically significant and clinically meaningful improvements in quality of life (Chronic
Respiratory Disease questionnaire) and symptoms (modified Medical Research Council scale) (table 1). In
addition, a significant improvement in exercise capacity from baseline was demonstrated (mean change in
6-min walk distance 20 m), although this did not exceed the minimal important difference (table 1).
Adverse events were reported for two participants who each had a single episode of dizziness during
exercise (cycle) training, resulting in increased rest periods during session or cessation of training for
that day.

Adoption was demonstrated by the training of staff in the programme model. Eight new staff members
were trained to deliver telerehabilitation, with four trained to deliver the home-visit component of the
intervention.

Implementation at both the intervention and individual level was evaluated (table 1). An initial home-visit
was completed by 62 (94%) participants, with nine undertaken remotely. To support implementation,
programme adaptations included the requirement for all participants to have their own WiFi, and more than
one-third (n=25, 38%) supplied their own exercise equipment or internet-enabled device. 27 (41%)
participants experienced a total of 64 equipment issues (low battery charge n=5; issues with sound/audio
connectivity n=22; difficulties logging on to videoconferencing session n=19; exercise equipment n=5;
instruction to reposition equipment n=4; internet connectivity issues n=9).

Maintenance of programme delivery was determined at the service and individual level. The health service
has opted to continue offering telerehabilitation, facilitated by COVID-19 contingency funding that enabled
the purchase of eight dedicated telerehabilitation equipment kits. This equipment is now maintained and
operated by the clinical service, and allowed for decommissioning of the original trial-funded equipment.
Whether programme maintenance would have been achievable without funding for new equipment
infrastructure is unclear. At an individual level, aside from two participants who received a lung transplant,
all participants were provided with an ongoing home exercise programme or onward referral to local group
exercise programmes at rehabilitation completion.

This implementation evaluation demonstrates that advanced technology telerehabilitation can be adapted to
individual patient needs and local context; but does require health service support for infrastructure, which
may have been opportunistically available within the prism of COVID-19 [11]. Telerehabilitation did allow
for the delivery of PR when centre-based programmes were not available, with participants demonstrating
clinical improvements following rehabilitation in keeping with those reported in clinical trials [4, 5].
Additionally, this real-world application of telerehabilitation indicates its utility as a programme model for
a broader diagnostic group than typically studied in clinical trials [4], including in individuals recovering
from COVID-19. However, whether patient, clinician, health system and payer acceptance of real-world
telerehabilitation implementation can be maintained in the absence of the pandemic-driven surge for
remote healthcare remains to be seen.

Despite the potential for home-based telerehabilitation to support PR access, including during the
COVID-19 pandemic, programme models using both equipment and technology are not for everyone. Just
16% of all individuals assessed for PR in the evaluation period went on to undertake a programme of
telerehabilitation. That multiple models of pulmonary rehabilitation were available to patients referred to
our service, and patients were free to choose the model of rehabilitation most suitable to their needs in
discussion with their pulmonary rehabilitation clinician may have contributed to the very modest uptake of
telerehabilitation. Likewise, participants were required to have their own WiFi access at home, which may
have served to limit the number of eligible candidates for telerehabilitation. Lack of access or experience of
internet-enabled devices are well-established barriers to telehealth-delivered care [12]. Similarly, the
frequency of technology or equipment issues experienced by participants could have implications for user
experience and programme adherence with wide-scale implementation. There is a now well-established
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digital divide in access to remotely delivered healthcare, with individuals from lower socioeconomic
groups, ethnic minorities and non-English speaking backgrounds being less likely to take up offers of
healthcare delivered via videoconferencing [13]. Additionally, people with chronic respiratory disease have
demonstrated preference for face-to-face healthcare delivery [14], despite reporting increasing familiarity
with technology and willingness to consider remotely delivered rehabilitation programme models [15].
However, the conservative uptake of telerehabilitation seen in this real-world setting (16%) is in keeping
with the proportion of older people (15%) who reported engaging with telehealth consultations in a
post-pandemic evaluation (December 2022); although an ongoing preference for audio-only
communication was demonstrated [12].

Use of the RE-AIM framework to evaluate the clinical implementation of home-based telerehabilitation
provides an objective assessment of context and resources that may be applicable in other healthcare
jurisdictions looking to deliver alternative models of PR. However, the unique intersection of the
COVID-19 pandemic, surge in telehealth availability and the conclusion of the phase III telerehabilitation
trial in enabling rapid clinical implementation cannot be overlooked. The ongoing economic sustainability
of advanced technology telerehabilitation programmes requires evaluation; however, cost-effectiveness for
home-based PR has been demonstrated [16] and is primarily associated with programme completion. When
compared to real-world centre-based rehabilitation programmes, where completion rates are often less than
two-thirds [17], that nearly 75% of all participants achieved programme completion suggests that
telerehabilitation provides an acceptable programme delivery option for those who are willing and able to
participate. Additionally, clinician acceptance of telerehabilitation is still variable. While we did not
qualitatively evaluate clinician experience of delivering telerehabilitation in this evaluation, clinicians have
expressed a preference for face-to-face healthcare delivery and a lack of confidence in the use of
technology [18]. Work to ensure the long-term feasibility and widespread acceptance of telerehabilitation is
still required. Although rapid programme implementation of telerehabilitation was able to be achieved, in
this instance it may have been expedited by COVID-related “good luck”.
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