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“… 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 and 
to promote the long-term adherence 
to health-enhancing behaviour” 
 

Spruit et al ATS/ERS PR Statement 2013 

PULMONARY	
REHABILITATION	

Why do Pulmonary Rehabilitation? 

•  Improves exercise capacity 
•  Reduces breathlessness 
•  Improves quality of life 
•  Reduces acute 

exacerbations 
•  Reduces time spent in 

hospital 
•  Cost effective 
•  Reduces mortality when 

delivered post exacerbation 
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•  ILD:	Dowman	et	al	Cochrane	Database	Syst	Rev	2021	Issue	2.	
Art.	No.:	CD006322.		

•  PHT:	Morris	et	al	Cochrane	Database	Syt	Rev	2017	Issue	1.	
Art.	No.:	CD011285.		

•  Bronchiectasis:	Lee	et	al	Arch	Phys	Med	Rehab	2017	98(4):
774-782	

Why do we need alternative models of PR? 

NOT	SUITABLE	FOR	
ALL	PATIENT	GROUPS	

•  Younger 
patients 

•  Multi-morbidity 
•  Working 
•  Infection control 

ISSUES	OF	UPTAKE	
AND	COMPLETION	

•  Limited referrals 
•  Travel, transport, 

parking issues 
•  <3% people 

access program 
within 12/12 of 
hospitalisation 

LIMITED	PROGRAM	
AVAILABILITY	AND	

STAFFING	

•  Sufficient 
programs to 
meet <2% of 
global demand 

•  Staffing and 
resource issues – 
rural/LMICs 

RESTRICTIONS	
ASSOCIATED	WITH	

COVID	

•  Shift from 
centre-based 
program delivery 

•  Reduced 
capacity 
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What are alternative models of PR? 

Holland	et	al	Annals	ATS	2021	

What is the evidence? 
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Methods 

Adults with stable chronic respiratory disease 

Telerehabilitation must include exercise training 
At least 50% of intervention delivered via telerehabilitation 

1.  Centre-based pulmonary rehabilitation 
2.  In-patient pulmonary rehabilitation 
3.  No rehabilitation control 

Exercise capacity*  Dyspnoea  Adverse events  Quality of life 
*primary time point for analysis is change from baseline to end of intervention 

P: 

I: 

C: 

S: RCTs and CCTs to November 2020 

O: 

SMS	

TELEPHONE	

WEBSITE	(±	PHONE)		

MOBILE	APP	

n= 4 

n= 4 

n= 2 (+2) 

n= 1 

n= 1 

VIDEOCONFERENCING	 n= 4 

Telerehabilitation vs Centre-based PR: 6MWD 

Cox	et	al	CDSR	2021	1:CD013040	
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Telerehabilitation vs Centre-based PR:  
Symptoms & QOL 

Cox	et	al	CDSR	2021	1:CD013040	

Completion 

OR 5.36, 95%CI 3.12 to 9.12; 516 participants; 3 studies 

Non-completers 

PR completers 
either program 

Additional 
completers with 
telerehabilitation 

Cox	et	al	CDSR	2021	1:CD013040	
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•  Remote assessment 
•  Real-time supervision aerobic training 
•  Equivalence of video-supervision 

models 
•  Specialist/bespoke equipment versus 

consumer devices 
•  Diagnoses other than COPD (e.g. ILD, 

CF) 
•  Stable state health versus exacerbation 
•  Long term follow-up 
•  Economic analyses: cost-effectiveness, 

cost-utility, return on investment 
•  Infrastructure, training and support 

needs 
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To investigate whether home-based 
telerehabilitation is equivalent to centre-based 
pulmonary rehabilitation in people with chronic 
respiratory disease  

Methods 

TELEREHABILITATION CENTRE-BASED PR

•  8 weeks, 2 sessions/week 
•  One home visit – initial training session 
•  Supervised exercise training 
•  Aerobic training – cycle based 
•  Independent strength training 
•  Education 
•  Virtual group 4-6 participants 
•  Home exercise program 

•  8 weeks, 2 sessions/week 
•  Supervised exercise training 
•  Aerobic training – walking and cycle 
•  In session strength training 
•  Education 
•  Physical group 8-12 participants 
•  Home exercise program 
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Equipment 

Results Screened for eligibility 
 n=651 Excluded n=499 

• Not eligible n=253 
• Declined n=246 

TELEREHABILITATION n=71 
 

END REHAB 

12 MONTHS 

Followed up n=70 
Withdrawal n=1 
Completed primary outcome n=68 
Assessed but no primary outcome n=2 

Followed up n=70 
Withdrawal n=1 
Completed primary outcome n=67 
Did not attend n=3 

Followed up n=70 
Completed primary outcome n=56 
Assessed but no primary outcome n=1 
Did not attend n=13 

Followed up n=70 
Completed primary outcome n=56 
Assessed but no primary outcome n=2 
Did not attend n=12 

Analysed for primary outcome n= 68 

CENTRE-BASED PR n=71 

Analysed for primary outcome n= 67 

Randomised 
n=142 

Results – Clinical outcomes ITT analysis 
No statistically significant difference between groups for any outcome.   

 
    Between group differences 

    TR – Centre PR (95% CI) 
    End rehab 1 year 

Primary outcome CRQ – Dyspnoea  -1.0 (-3.3, 1.2) -1.3 (-3.6, 1.1) 

Secondary 
outcomes 

CRQ-  
Emotion 
Fatigue 
Mastery 

  
-0.2 (-3.2, 2.7) 
 0.2 (-1.5, 1.8) 
-0.9 (-2.5, 0.7) 

  
0.7 (-2.4, 3.9) 
-0.2 (-2.0, 1.6) 
0.1 (-1.6, 1.8) 

6MWD, m -6 (-26, 15) 14 (-10, 38) 
Endurance cycle test, sec  109 (-77, 284) -11 (-208, 187) 

Cox	et	al	ERJ	2020	56:	4354	[Abstract]	
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Results – Between group differences 

-4	 -3	 -2	 -1	 0	 1	 2	 3	 4	 -40	 -20	 0	 20	 40	

CRQ - D 6MWD 

END REHAB 

12MONTHS 

ç TR WORSE TR BETTER è 

END REHAB 

12MONTHS 

•  TR equivalent for 6MWD at TR may 
not be equivalent for CRQ-D 

•   Unable to exclude inferiority of TR at 
end rehab and 12 months for CRQ-D 

•  TR equivalent for 6MWD at end rehab 

•   Unable to exclude superiority of TR 
for 6MWD at 12 months 

ç TR WORSE TR BETTER è 

Cox	et	al	ERJ	2020	56:	4354	[Abstract]	
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Why traditional PR models don’t fit in CF 

Cross infection 
•  Risk initially thought to be no greater than 

environmental acquisition    
   (Hoogkamp et al J Clin Micro 1995) 

 

•  Incidence rate of new PsA infection 100% - 
Danish winter camp    

                    (Ojeniyi et al Ped Pulm 2000) 
 

•  Bacterial transmission occurring in up to 
25% of participants – Dutch summer camp
            (Brimicombe et al JCF 2008) 
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Infection control & group exercise training 

All persons with CF should: 
•  “Be separated by ≥ 6 feet (2 metres) to decrease risk droplet transmission” 
•   “Avoid activities associated with transmission of CF pathogens, including 

fitness classes with another person with CF” 
	

	 Saiman et al Infect Cont Hosp Epidemiol 2014 
	

Why traditional PR models may not fit in CF 

• Age 
• Pattern of activity 

Prescribed training vs play 
• Access 

- Scheduled time of class 
- Transport 
- Parental schedule 
- Work schedule 

Novel exercise rehabilitation studies in CF 
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Summary 
Alternative PR models likely ongoing component of 
therapy delivery in chronic respiratory disease 

Are all program created (delivered) equally? Evidence 
of real-world effectiveness still required 
 

Knowledge gaps remain – long-term outcomes? Best 
model for which patient? Cost-effectiveness? 
 

Sustainable funding models needed; adequate 
infrastructure and training 
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