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ABSTRACT
RATIONALE: Delivery of pulmonary rehabilitation (PR) varies widely across Canada. There is a need
for evidence-based quality indicators (QI) that can be used to identify variations in the quality of
PR with the aim of improving health outcomes.
OBJECTIVES: To use an evidence-based, systematic process to develop QI that addresses the pro-
cess, structure and outcomes of PR.
METHODS: The development process was based on the modified RAND Appropriateness Method
that included a systematic review of the literature to identify candidate QI and refinement of these
QI by a Working Group before they were sent to a Delphi panel. Panel members rated the import-
ance, scientific soundness, reliability, and feasibility of each candidate using an electronic survey.
The results of the survey were distributed to panelists who deliberated by teleconference prior
their re-rating the candidate QI.
RESULTS: The literature review identified 5490 titles and abstracts. A total of 1653 articles were retained
after initial screening. After full text screening, 190 articles remained and were used to generate 90
candidate QI. The Delphi panel identified 56 QI: 19 structural, 29 process, 8 outcome. The Working
Group distilled these to a shorter list of 14 core QI that defined the minimal requirements for PR.
CONCLUSIONS: This process resulted in a comprehensive set of 56 QI and a shorter list of 14 core
QI that can be used for evaluation and feedback to improve PR and patient outcomes. Future
research to determine standards for the QI will support the development and assessment of strat-
egies to improve PR.

R�ESUM�E

JUSTIFICATION: La mise en oeuvre des programmes de r�eadaptation pulmonaire varie grandement
d’un endroit �a l’autre au Canada. Des indicateurs qualitatifs fond�es sur les donn�ees probantes pou-
vant être utilis�es pour cerner les variations dans la qualit�e de la r�eadaptation pulmonaire sont
n�ecessaires afin d’am�eliorer les issues de sant�e.
OBJECTIFS: Utiliser un processus syst�ematique fond�e sur les donn�ees probantes afin d’�elaborer des
indicateurs qualitatifs portant sur le processus, la structure et les r�esultats de la
r�eadaptation pulmonaire.
M�ETHODES: Le processus d’�elaboration a �et�e r�ealis�e �a l’aide de la version modifi�ee de la m�ethode
RAND de d�etermination de la pertinence, comprenant une revue syst�ematique de la litt�erature
ayant pour but de r�epertorier les indicateurs qualitatifs candidats et de les soumettre �a un groupe
de travail pour qu’ils soient affin�es avant d’être achemin�es �a un panel Delphi. Les membres du
panel ont cot�e l’importance, la validit�e scientifique, la fiabilit�e et la faisabilit�e de chaque candidat
par le truchement d’une enquête �electronique. Les r�esultats de l’enquête ont �et�e distribu�es aux
membres du panel qui ont ensuite d�elib�er�e par t�el�econf�erence avant de coter �a nouveau l’indica-
teur qualitatif candidat.
R�ESULTATS: La revue de litt�erature a permis de recenser 5 490 titres et r�esum�es. De ce nombre, 1
653 articles ont �et�e retenus apr�es une premi�ere lecture. Apr�es une lecture plus approfondie, 190
d’entre eux ont �et�e retenus et ont �et�e utilis�es pour produire 90 indicateurs qualitatifs candidats.
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Le panel Delphi a recens�e 56 indicateurs qualitatifs : 19 portant sur la structure, 29 sur le proces-
sus et 8 sur les r�esultats. Le groupe de travail a ensuite distill�e ces indicateurs pour en arriver �a
une liste plus courte de 14 indicateurs qualitatifs de base d�efinissant les exigences minimales pour
la r�eadaptation pulmonaire.
CONCLUSIONS: Ce processus a produit un ensemble exhaustif de 56 indicateurs qualitatifs et �a
une liste de 14 indicateurs qualitatifs de base, qui peuvent être utilis�es pour �evaluer et fournir une
r�etroaction afin d’am�eliorer la r�eadaptation pulmonaire et les issues de sant�e des patients.
D’autres �etudes visant �a d�eterminer les normes pour les indicateurs qualitatifs contribueront �a
l’�elaboration et �a l’�evaluation des strat�egies pour am�eliorer la r�eadaptation pulmonaire.

Introduction

Pulmonary rehabilitation (PR) is a cornerstone therapy for
people with chronic obstructive pulmonary disease (COPD)
and other chronic lung diseases.1 In Canada, most PR pro-
grams are situated in urban hospitals, but there is a growing
trend for programs to be in non-hospital locations, such as
community or health centers in smaller communities.2 This
change in setting of PR programs is particularly pertinent
for rural Canada, where there is a greater prevalence of
chronic respiratory diseases such as COPD3 and where the
population in general experiences higher mortality, exposure
to risk factors and hospitalization rates.4

Although the expansion of programs into community,
rural and remote settings may enable more participants to
access PR, one challenge is ensuring high quality of care and
minimizing unnecessary variation in clinical practice.5,6 A
study by Yohannes et al found that of the 239 PR programs
audited in the United Kingdom (UK), 51% of PR programs
did not fully meet the required UK standards.7 For instance,
only 47% of programs met the standard of having a PR-
trained healthcare professional supervising participants’ exer-
cise training, and 6% of programs did not have any staff
supervision of participants. The 2018 report by Steiner and
colleagues reports the results of UK PR audits in 2015 and
2017.8 They note progress in the number of programs meet-
ing the quality standards but also that improvement is needed
when, for example, only 27% of programs assess muscle
strength. Similarly in Canada, the Canadian Thoracic Society
PR survey found that while 90% of programs reported that
they delivered resistance training, only one-third of them used
an assessment of muscle strength to prescribe training inten-
sity.9 In addition, the most common method of prescribing
aerobic exercise intensity was by measuring oxygen saturation
and dyspnea, a practice that does not follow recommended
guidelines of exercise prescription.10 Twenty percent of
Canadian programs did not have emergency equipment or
protocols in place and 10% did not have supplemental oxygen
for exercise training. The findings in the UK and Canada sug-
gest that there is heterogeneity in the implementation of PR
programs, which may affect the quality of patient care and
outcomes. Many factors may contribute to this heterogeneity
including differences in: health care professionals’ skill sets,
funding methods, health authority policies and settings in
which PR programs are delivered. However, it is important
that PR programs follow best practices to ensure quality and
consistency to improve patient outcomes.8

An important step to confirm the quality of PR programs
in Canada is to develop quality indicators (QI) to identify

optimal program delivery.5,11 QI are statements that provide
information about the quality of a specific healthcare service,
and point to the necessary structures, processes and out-
comes that must be in place. Quality indicators are different
from clinical practice guidelines, which are statements that
facilitate healthcare professional clinical decision making.12

Although QI for PR have been developed in Spain13 and the
United Kingdom,7 none have been developed for use in
Canada. Therefore, the purpose of this study was to develop
quality indicators for Canadian PR programs based on the
most recently available literature.

Methods

Overview

A nine-person Canadian Thoracic Society (CTS) working
group was created to guide QI development. Members of the
working group were recruited from the COPD, ILD and
Respiratory Health Professionals assemblies of the CTS. The
committee consisted of nine academic clinicians and one
graduate student in the disciplines of physical therapy, respir-
ology and exercise physiology. Working group members had
research and clinical expertise in pulmonary rehabilitation as
well as experience in QI development. Quality indicators were
developed using a process based on the Modified RAND
Appropriateness Method.14,15 This consisted of a systematic
review of the literature to identify potential QI, followed by a
Delphi exercise to select the final QI.

Systematic review of the literature

We used the following question to guide our search: In hos-
pital (inpatient and outpatient), community, home and tele-
health settings, what are the evidence-based structural,
process and outcome elements of pulmonary rehabilitation
associated with such benefit that not having them will affect
patient outcomes?

Search strategy

The search strategy was created with support from a medical
librarian from the University of British Columbia. We
searched for guidelines and statements, randomized clinical
trials and gray literature related to PR and to exercise inter-
ventions for people with chronic lung disease. The search
strategy (see Online Supplement) included terms aimed at
identifying publications addressing pulmonary rehabilitation
procedures including exercise in diseases commonly seen in
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PR (COPD, asthma, interstitial lung diseases, pulmonary
hypertension, lung cancer and cystic fibrosis) and were lim-
ited to studies that recruited adults (19 years and older) and
were written in English or French. The search strategy was
performed in the following databases: Medline OVID,
EMBASE, Cochrane Central Register of Controlled Trials
(CENTRAL), Cochrane Database of Systematic Reviews
(CDSR), PubMed, Cumulative Index to Nursing and Allied
Health (CINAHL), Physiotherapy Evidence Database
(PEDRo), Des Libres, National Guidelines Clearinghouse and
Canadian Agency for Drugs and Technologies in Health
(CADTH). Guidelines and toolkits relating to PR were also
searched in the following websites: American Association of
Cardiovascular and Pulmonary Rehabilitation (AACVPR),
American Thoracic Society (ATS), Canadian Thoracic Society
(CTS), European Respiratory Society (ERS) and British
Thoracic Society (BTS).

Screening of titles and abstracts

The titles and abstracts were uploaded to the systematic
review software Covidence (Covidence, Melbourne, Australia)
for removal of duplicate titles and title/abstract screening
based on pre-specified inclusion/exclusion criteria. Pulmonary
rehabilitation was defined as an intervention lasting more
than one session that included exercise training and education
in the home, hospital, community, or telehealth settings.
Articles were selected if they reported data about exercise
training, education and self-management in PR programs; or
were primary research studies on exercise training in chronic
lung disease populations. We also included studies of exercise
programs for people with chronic lung disease conducted in a
research setting (with or without education or behavioral
modification) that aimed to create potential QI specific to
exercise. Studies from randomized controlled trials, observa-
tional studies, audits, technology reports, systematic reviews,
consensus statements and guidelines were included. We
excluded studies that solely investigated adjunct therapies in
PR, such as Tai Chi, singing or dancing. Studies that focused
on biomarkers or imaging measures as the primary research
outcome were excluded. Two members of the research team
screened all the titles and abstracts. Conflicts were resolved
by another member of the research team.

Data collection

A data extraction form based on the work of Kelley and
Hurst16 and Donabedian17 was used and piloted on five eli-
gible articles. After revision, the final data extraction form
included 23 fields related to program structure, 35 fields
related to program process and 12 fields related to program
outcomes. Two reviewers extracted data from eligible

articles. Discrepancies between reviewers were resolved by a
third reviewer.

Systematic review data synthesis

Creation of candidate QI was guided by methods described
by Zidarov et al.18 The methods and results of each paper
were examined to create candidate QI. Once all papers were
reviewed and the list of candidate QI was created, a fre-
quency count was generated to measure the number of
times that an individual indicator appeared in the pub-
lished literature.

Selection of quality indicators by a Delphi panel

Selection of panelists
The panel was composed of a multidisciplinary group of
health professionals working or conducting research in PR
programs in Canada and a patient who had participated in
PR. In Canada, there are ten different healthcare disciplines
typically involved in PR programs; however, only five of these
(respiratory therapists, dietitians, physiotherapists, nurses,
kinesiologists and physicians) are involved in more than 50%
of the programs.2 One to two professionals from each of
these five disciplines were invited to be on the panel.

The potential list of candidates for the panel was gener-
ated from members of the Canadian Thoracic Society (CTS).
The Working Group reviewed the characteristics of those
who responded and invited individuals to be panelists based
on discipline, geographic representation, and work setting.
The invitation described the purpose of the study, the study
methodology, including the systematic review used to gener-
ate the candidate QI and the Delphi process.

Rating of quality indicators
FluidSurveys online software (SurveyMonkey, Ottawa, ON,
Canada) was used to rate the QIs. The panelists reviewed
the definition, quality dimension (structure, process or out-
come), supporting evidence, and frequency counts for each
of the candidate QI. The survey also provided the bibliog-
raphy and links to the pdfs that supported each candidate
QI. Using the framework method developed by Kelley and
Hurst16, the panelists rated each candidate QI on four crite-
ria: importance, scientific soundness, reliability and feasibil-
ity of measurement, using a 9-point Likert Scale
(1¼ Strongly Disagree, 5¼Undecided, 9¼ Strongly Agree)
(Table 1). Panelists could also add additional candidate QI if
they wished and were invited to add comments throughout
the survey. At the end of the four weeks the survey was
closed, and the panel no longer had access to change their

Table 1. Definition of candidate quality indicator criteria.

Criteria Description

Importance Does the QI have a significant impact on participant health outcomes?
Scientific Soundness Does the QI fully represent what it claims to measure? Is there scientific evidence to support the QI?
Reliability Will the measurement of this QI be consistent in different settings?
Feasibility Is the measurement of this QI possible and practical in PR programs?

QI: quality indicator.
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answers. The survey data was exported into spreadsheet
for analysis.

Calculation of QI appropriateness, inappropriateness and
disagreement scores
We followed the methodology of Fitch et al19 and Esrailian
et al20 to determine if each candidate QI was considered
“acceptable” or “not acceptable” based on the panelists’
scores. This assessment was applied to each criterion
(importance, scientific soundness, reliability, feasibility) for
each candidate indicator. A median Likert score of 7 to 9
identified acceptable QI; a median Likert Score 1 to 3 indi-
cated QI were not acceptable, and QI had uncertain accept-
ability if the median Likert score was 4 to 6.

In addition to evaluating median scores, we calculated a
disagreement index (DI) for each criterion for each candi-
date quality indicator to determine the amount of variability
around the scores. The Likert scores’ interpercentile range
(IPR) and the interpercentile range adjusted for symmetry
(IPRAS) were calculated. The DI was calculated by dividing
the IPR by the IPRAS. A DI greater than 1 indicated that
the median and distribution of scores was outside the 30th
and 70th percentiles even after adjusting for asymmetries. A
DI less than 1 indicated agreement among the panelists.

Candidate QI that panelists agreed were unacceptable (all
criteria: importance, scientific soundness, reliability and
feasibility received a median Likert score between 1 and 3)
were discarded. Candidate QI that the panelists agreed were
acceptable (based on all categories receiving a median Likert
score between 7 and 9) were retained. QI that were classified
as uncertain (a Likert score on any category between 4 and
6) and/or a disagreement score greater than one (DI > 1)

on any criterion were then discussed in a teleconference
meeting of the expert panel.

Panel discussion and final round
Each panelist was invited to attend one of four panel discus-
sions conducted via teleconference using Adobe Connect
(Adobe, San Jose, CA). The panelists discussed each candi-
date indicator that had at least one criterion rated as
‘uncertain’ or with a DI > 1. Following the meeting, a tran-
script summarizing the content of all teleconferences was
given to the panelists as a guide. Panelists re-rated each
indicator discussed during the teleconferences via
FluidSurvey. QIs were retained when there was agreement
that all four criteria were acceptable.

Results

Systematic review

A total of 7940 titles and abstracts were retrieved from the
databases and gray literature searches. After removal of
duplicates, 5490 studies remained. A total of 1653 articles
were retained after initial screening of titles and abstracts.
After full text screening, 190 articles remained and were
used to generate the candidate QI. From these articles, 90
candidate QI were identified: 22 structural indicators, 53
process indicators and 15 outcome indicators (Figure 1).

Panelist characteristics

Fourteen Canadian PR experts were invited as panelists and
11 agreed to participate in the study. A patient also agreed
to participate on the panel. The panelists represented

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram for literature review.
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different healthcare professions in PR (physical therapists,
physicians, academics, nurses, pharmacists and respiratory
therapists) and seven Canadian provinces. The patient had
COPD and had completed a PR program approximately one
year prior to the study. Panel members had 5 to 30 years’
experience working in PR. Six panelists had 5–10 years of
experience, three panelists had 11–20 years of experience,
and three had 21–30 years of experience. Many of our panel-
ists were clinicians (9), involved in creating PR-related
health policy (4), or had published peer-reviewed research
in PR (3).

First round rating and panel discussion

Figure 2 displays the QI development process. Panelists
rated 36 of the 90 candidate QIs (40%) as acceptable and
the remaining 54 (60%) as either “uncertain” or there was
disagreement on at least one of the four criteria.
“Reliability” and “feasibility” were the two criteria with the
lowest ratings. Ten of the 12 panelists participated in a TC
to discuss the 54 candidate QIs that were uncertain or con-
troversial. The purpose of the discussions was not to reach
consensus, but rather to clarify misconceptions and expose

Figure 2. Quality indicator development process.
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each panelist to other perspectives they may not have con-
sidered when they were rating in the first round. Each dis-
cussion was two and a half hours long.

Final round rating

Following the teleconference discussion, the panelists re-
rated the 54 candidate QI previously considered uncertain.
Of these, 20 (37%) were deemed acceptable and were
retained, and 34 (63%) were discarded, bringing the final
list of QIs to 56 (36 from the first round, plus the 20
from the second round). The 56 QI consisted of 19 struc-
tural QI, 29 process QIs and 8 outcome QIs (see
Online Supplement).

Core list of quality indicators

The Working Group then created a list of 14 “core” QI
derived from the larger list of 56 QI. This process was
achieved by determining which QIs could be combined (e.g.
QI that specified similar lists of equipment and other phys-
ical resources), and QI that were clearly required for any
health care intervention to occur (e.g., need for informed
consent for treatment). Thus, the distinction between pro-
cess, structure and outcome QI was not maintained in the
core list. The purpose of the core list of 14 QI was to pro-
vide pulmonary rehabilitation programs with a short list of
fundamental PR components, with accompanying guidance
notes that can be used for frequent program quality audits
(Tables 2 and 3).

Table 2. Core quality indicators for Canadian pulmonary rehabilitation programs.

Pulmonary rehabilitation is an important and foundational component of the care for people with chronic lung disease. This document presents quality
indicators, developed using a thorough literature review and a Delphi process. The Delphi panel consisted of experts, including clinicians, researchers and
patients. The panel represented the most commonly represented health care professionals involved in pulmonary rehabilitation. An online survey and follow-
up discussions were used to create the following list of quality indicators.

These quality indicators are endorsed by the Canadian Thoracic Society and describe the minimal requirements for pulmonary rehabilitation programs. In
addition to the 14 quality indicators listed below, the following over-arching descriptions apply to all pulmonary rehabilitation programs. The accompanying
guidance document assists interpretation of the indicators.

Research supports the benefits of pulmonary rehabilitation for many different populations of patients living with chronic lung disease, including but not limited
to: patients with chronic obstructive pulmonary disease (COPD) and interstitial lung disease, those who are recovering from an acute exacerbation, and those
who are awaiting lung transplantation. Patients who are currently smoking should not be excluded from pulmonary rehabilitation. Disease-specific programs
that only admit specific patient populations (i.e. “COPD Rehabilitation”) should not limit access to pulmonary rehabilitation for people with other types of
lung disease.

Pulmonary rehabilitation programs are conducted in locations with adequate space that is accessible to all participants. Each participant must give consent for
treatment in accordance with the regulatory bodies of the involved health care disciplines and the policies of the institution. The program has a system for
maintaining clinical records and policies for safety and procedures and for reporting adverse events.

Item Quality Indicator

1 The pulmonary rehabilitation program has the following EXERCISE, EDUCATION and SAFETY resources for program delivery:
� Cycle ergometer, treadmill, or flat open space for walking
� Strength training equipment (e.g. free weights, machines, elastic bands, elastic tubing)
� Pulse oximeter
� Sphygmomanometer and stethoscope
� Supplemental oxygen
� Education program materials
� Emergency protocol that includes written procedures and an onsite defibrillator or access to a cardiopulmonary resuscitation team
� Quality assurance program

2 The pulmonary rehabilitation program has a dedicated team of health care professionals with the necessary competencies and scope of practice to provide
safe and efficacious exercise assessment and intervention, education and behavioral modification. Medical consultation must be available to the program.

3 The pulmonary rehabilitation program duration is a minimum of 8 weeks with the exercise component delivered three times per week with at least 2
supervised sessions per week.

4 Each participant undergoes a history and physical assessment which includes assessment of patient goals, resting oxygen saturation, resting heart rate,
resting blood pressure, baseline patient-reported health status and respiratory symptoms.

5 A cardiopulmonary exercise test (CPET) or field exercise test (six-minute walk test [6MWT] or incremental shuttle walk test [ISWT]) is conducted to assess
aerobic function and to develop an aerobic exercise prescription.

6 A direct or indirect 1-Repetition Maximum (1-RM) test is conducted to assess muscle function and to develop the muscle strengthening exercise
prescription.

7 Lower limb continuous or interval aerobic exercise training is prescribed using one or more of the following modalities: stationary cycling, treadmill
walking, free walking or stair climbing. Arm cycling may be used only in conjunction with lower limb aerobic exercise or in patients for whom lower limb
exercise is not possible.

8 Aerobic exercise is prescribed to accumulate at least 20minutes of continuous exercise at 60–80% of the workloadmax or VO2peak obtained during a CPET or
shuttle walk test, or 60–80% of the mean speed achieved during a 6MWT.

9 Strengthening training is prescribed using 1–3 sets of 8–12 reps at an intensity of 60–80% of the 1-RM obtained from the strength test.
10 Exercise intensity and volume is assessed weekly to facilitate progression to achieve the desired workloads.
11 Oxygen saturation, heart rate, blood pressure, Borg dyspnea ratings and rating of perceived exertion (RPE) are regularly monitored during exercise training

for patient safety.
12 The pulmonary rehabilitation program has education and self-management components that foster long-term adherence to health-enhancing behaviors.
13 At a minimum, the following health outcomes are measured before and after the program:

� Aerobic exercise endurance
� Muscle function
� Health status

14 Guidance for ongoing exercise, physical activity and self-management is provided to participants at the completion of the pulmonary rehabilitation.
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Table 3. Guidance notes to assist interpretation of core indicators for Canadian pulmonary rehabilitation programs.

Item Guidance Note

1. GUIDANCE NOTES
1. A cycle ergometer, treadmill and/or flat open space for walking can be used for the exercise testing and training. An arm ergometer as the sole

method of aerobic exercise testing or training is not acceptable.1 https://doi.org/10.1080/24745332.2017.1328935
2. Weight machines, elastic bands, elastic tubing or free weights are needed for strength testing and training. It is not possible to accurately quantify

the resistance offered by elastic bands and tubing; therefore, weight machines or free weights are needed for strength testing.
3. Health Canada-approved pulse oximeters allow assessment of oxygen saturation as part of the patient’s baseline assessment and the need for

supplemental oxygen during exercise training.
4. Assessing blood pressure pre- and post-exercise testing is an important part of assessing exercise safety and determining the patient’s response to

exercise. Automated oscillometric devices are now preferred over manual readings with aneroid or mercury sphygmomanometers.2 http://www.cmaj.
ca/content/190/40/E1192

5. Access to supplemental oxygen is required for patient safety. Refer to your local institutional and provincial policies to determine how and by whom
supplemental oxygen titration can occur.

6. Many patients attending pulmonary rehabilitation have cardiac disease. As patient safety is paramount, the program must be able to respond in an
effective and timely manner to medical emergencies. If access to a cardiopulmonary resuscitation team is not available or they cannot access the site
within 5minutes, (https://resuscitation.heartandstroke.ca/sites/default/files/downloads/AED_WhoseLife_ENG.pdf) the pulmonary rehabilitation program
should have an onsite defibrillator and have staff trained in its use.

7. Written protocols for responding to other medical and nonmedical emergencies are present, reviewed by staff and updated appropriately.
8. The pulmonary rehabilitation program has education materials that are appropriate for their patients. For example, Living Well with COPD is endorsed

by the Canadian Thoracic Society for use with patients with COPD. https://www.livingwellwithcopd.com/
9. The pulmonary rehabilitation program has a documented quality assurance plan that consists of policies and procedures to achieve and maintain a

high quality program. It includes an audit of these indicators and procedures to address identified deficiencies.

2. GUIDANCE NOTES
1. The team of health care professionals has the necessary expertise to perform patient assessment including but not limited to: physical exam, dyspnea,

quality of life and exercise capacity; develop an aerobic and strength exercise prescription; supervise exercise training; assess oxygen saturation and
titrate supplemental oxygen; deliver patient education; promote behavioral modification; and optimize medical management of the patient.

2. These competencies can be demonstrated by members of different health care disciplines including physical therapists, respiratory therapists, nurses,
physicians, and pharmacists, kinesiologists, according to their training, skill set, and scope of practice.

3. GUIDANCE NOTES
1. Canadian and international guidelines confirm that programs should be a minimum of 8 weeks long, with patients participating in a minimum of 24

exercise sessions (at least 16 exercise sessions should be supervised).

4. GUIDANCE NOTES
1. The initial patient intake for each patient includes measurement of resting vital signs (heart rate, respiratory rate, blood pressure, oxygen saturation).
2. Dyspnea can be assessed using one of the following Canadian Thoracic Society recommended tools: the Medical Research Council Dyspnea Scale

(measures usual dyspnea with activity), the dyspnea domain of the Chronic Respiratory Questionnaire (measures usual dyspnea during specific
activities selected by the patient), the modified Borg Scale of Breathlessness (measures current severity of dyspnea and cannot be used to assess
dyspnea retrospectively).

3. Health status can be assessed using one of the following Canadian Thoracic Society recommended tools: the COPD Assessment Test, the Chronic
Respiratory Questionnaire and the St. George’s Respiratory Questionnaire.

4. The Canadian Thoracic Society suggests using motivational interviewing techniques to ascertain patient goals for rehabilitation and plans to
achieve them.

5. GUIDANCE NOTES
A CPET (cardiopulmonary exercise test) is the gold standard for assessing exercise capacity as it directly measures VO2. The test is expensive to perform and
requires special personnel and equipment that may make it prohibitive for many programs. Alternatively the incremental shuttle walk test (ISWT) or the six-
minute walk test (6MWT) can be used to estimate the VO2 peak for exercise prescription purposes.

All exercise tests must be performed according to accepted guidelines. The Canadian Thoracic Society recognizes the following guidelines for exercise
testing: CPET3 https://doi.org/10.1164/rccm.167.2.211; ISWT and 6MWT4,5 https://erj.ersjournals.com/content/erj/44/6/1447.full.pdf or https://erj.ersjournals.
com/content/44/6/1428.long

6. GUIDANCE NOTES
The American College of Sports Medicine (ACSM) recommends that strength is quantified in terms of the 1-Repetition Maximum (1-RM). Assessment of the
1-RM is time consuming and can be intimidating for patients who are unfamiliar with lifting weights. Therefore, the ACSM states an Indirect 1-Repetition
Maximum (Indirect 1-RM) test is a valid method of predicting the 1-RM. The technique can be done quickly and is not exhausting or intimidating for
patients. The American College of Sports Medicine Guidelines for Exercise Testing and Prescription provides guidance on conducting an indirect 1-RM.6

Equations to convert the weight lifted in the indirect 1-RM to the 1-RM are available.7 https://onlinelibrary.wiley.com/doi/epdf/10.1002/acr.20368

7. GUIDANCE NOTES
Aerobic leg exercise builds endurance that translates into improved walking distance and contributes to reduced dyspnea. In addition it decreases
cardiovascular disease risk factors that may present in people with chronic lung disease, particularly COPD. Arm cycling does not substantially contribute to
improve walking endurance as it employs different muscles and the smaller muscle mass contributes less to VO2. Arm ergometry may help to decrease
dyspnea sensitivity.

8. GUIDANCE NOTES
Aerobic exercise prescription includes information on frequency, intensity, type and time (duration of the activity), often referred to as the FITT principle.
The prescription should be documented. This ensures that it is reproducible and facilitates progression. Indicators 3 and 7, above, address exercise
frequency and type, respectively.

Intensity is the key component in the exercise prescription. The aerobic training threshold is 60% of the workloadmax or VO2max/peak, determined using a
CPET, or predicted from the ISWT or the 6MWT. Some participants may need to begin exercise at a lower intensity until they become familiar with exercise
equipment and dyspnea. In others, comorbidities may limit exercise intensity. The goal is to bring patients into the training zone, as intensities less than
this amount generally produce less impressive gains. Symptoms can be used to monitor aerobic exercise intensity, provided the symptom intensity during
exercise corresponds to the symptoms experienced during the exercise test.

The goal for continuous exercise is to accumulate at least 20minutes of aerobic exercise during one exercise session. This may be done by accumulating
bouts of at least 10 minutes.

(continued)
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Table 3. Continued.

Item Guidance Note

There is evidence to support the use of High Intensity Interval Training (HITT) in people with chronic lung disease. This technique allows people to
accumulate longer periods of high intensity exercise and it stimulates less dyspnea. HITT is more challenging to administer as exercise intensity is changed
frequently and quickly. Such changes may compromise patient safely if treadmill training is used. Information on HIIT in people with COPD is available.8

https://annals.org/aim/fullarticle/730748/interval-versus-continuous-high-intensity-exercise-chronic-obstructive-pulmonary-disease

9 GUIDANCE NOTES
Strength training prescription includes intensity as well as the number of sets and the number of repetitions in each set.

Like aerobic training, the intensity threshold for strength training is 60% of maximum, quantified in terms of the 1-RM obtained from a strength test.
Typically 1–3 sets of 8–12 reps is used but the ACSM provides guidance on other prescription practices.6 The ACSM recommends that strength training
take place 2–3 times per week.

The targeted muscle groups will depend on the patient’s goals. In general, the major muscles of locomotion (quadriceps, gluteal muscles,
gastrocnemius), the major muscles of arm function (biceps, triceps, deltoids, trapezius, latissimus dorsi) and abdominal muscles are targeted.

10. GUIDANCE NOTES
The ACSM defines progression as “the act of moving forward or advancing toward a specific goal over time until the target goal has been achieved.”
https://www.prescriptiontogetactive.com/app/uploads/resistance-training-ACSM.pdf The intensity or volume of exercise must be progressed for improvement
to occur. Exercise volume refers to the duration of an aerobic training session and the total number of exercises, repetitions and sets that are performed in
a given strength training session.

Documentation of progression is part of exercise prescription.

11. GUIDANCE NOTES
Formal monitoring of the response to exercise may occur during each exercise session early in the program, and may be less frequent as the patient’s
response to exercise becomes better understood. Acceptable limits with respect to oxygen desaturation and approaches to oxygen titration should be
discussed with the program’s medical advisor and clearly communicated to every team member involved in exercise training.

12. GUIDANCE NOTES
Education to promote self-management and behavior change is critical to the goal of improving patients’ qualify of life and decreasing health care costs
associated with chronic pulmonary disease. The Canadian Thoracic Society has endorsed Living Well with COPD https://www.livingwellwithcopd.com/ for use
with patients with COPD. A recent report on this topic by the Canadian Thoracic Society and other professional societies may be a useful resource.9 https://
www.atsjournals.org/doi/full/10.1513/AnnalsATS.201804-253WS?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%
3Dpubmed#readcube-epdf

13. GUIDANCE NOTES
Measuring health outcomes supports discharge planning, provides information to patients and their referring health care professional on program
effectiveness, provides data for program planning and can contribute to information to justify program costs or support program expansion.

Other outcome measures (such as psychological status, physical activity, self-efficacy, nutritional status) may be helpful in assessing individual benefit.
The same test must be conducted pre-and post-PR in order to measure change.

1. PR may not result in an improvement in VO2max, measured using a graded exercise tests even when improvement in endurance has occurred.
Endurance influences functional outcomes and is often more meaningful to patients. The 6minute walk test, the endurance shuttle walk test, and the
constant work-rate cardiopulmonary exercise test measure aerobic endurance.

2. Changes in muscle function are measured by repeating the indirect 1-RM. (see Guidance Note 6)
3. Health status should be measured using the same health status measure as at baseline (see Guidance Note 4)

14. GUIDANCE NOTES
Each participant should receive an individualized exercise program for use after completion of pulmonary rehabilitation. The program should consider the
participant’s goals and the availability of resources. The exercise program should include guidance according to the FITT principle for aerobic exercise and
information on the weight lifted as well as sets and reps for strength exercise. Guidance on progression and adverse signs and symptoms should be
provided. Information about community resources and maintenance programs, where available is valuable.
At a minimum, self-management guidance includes an action plan that has been discussed with participant. The following is a link to the CTS COPD action
plan. http://www.copdactionplan.com/CTS_COPD_updated_Action_Plan_editable_PDF_2013.pdf

Recently there has been great interest and improved guidance in how to develop more comprehensive self-management plans.10,11 https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4159069/pdf/copd-9-907.pdf , https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002990.pub3/full

1 Dechman G, Hernandez P, Camp PG. Exercise prescription practices in pulmonary rehabilitation programs. Canadian Journal of Respiratory, Critical Care, and
Sleep Medicine, 2017:2;77–83. doi:10.1080/24745332.2017.1328935.

2 Tobe SW, Stone JA, Anderson T, et al. Canadian Cardiovascular Harmonized National Guidelines Endeavor (C-CHANGE) guideline for the prevention and man-
agement of cardiovascular disease in primary care: 2018 update. CMAJ 2018 October 9;190:E1192–206. doi:10.1503/cmaj.180194.

3 ATS/ACCP Statement on cardiopulmonary exercise testing. Am J Respir Crit Care Med. 2003;167:211–77. doi:10.1164/rccm.167.2.211.
4 Singh SJ, Puhan MA, Andrianopoulos V, et al. An official systematic review of the European Respiratory Society/American Thoracic Society: measurement proper-
ties of field walking tests in chronic respiratory disease. Eur Respir J. 2014 Dec;44(6):1447–78. doi:10.1183/09031936.00150414.

5 Holland AE, Spruit MA, Troosters T, et al. An official European Respiratory Society/American Thoracic Society technical standard: field walking tests in chronic
respiratory disease. Eur Respir J 2014; 44: 1428–1446. doi:10.1183/09031936.00150314.

6 American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription. 9th Ed. (2014) Philadelphia, Pennsylvania: Lippincott Williams
& Wilkins.

7 McNair PJ, Colvin M, Reid D. Predicting maximal strength of quadriceps from submaximal performance in individuals with knee joint osteoarthritis. Arthritis
Care Res.2011;63:216–222. doi:10.1002/acr.20368.

8 Puhan MA, B€usching G, Sch€unemann HJ, et al. Interval versus Continuous High-Intensity Exercise in Chronic Obstructive Pulmonary Disease A Randomized Trial.
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Thoracic Society of Australia and New Zealand/Canadian Thoracic Society/British Thoracic Society Workshop Report. Ann Am Thorac Soc. 2018;15:769–784.
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10 Kaptein AA, Fischer MJ, Scharloo M. Self-management in patients with COPD: theoretical context, content, outcomes, and integration into clinical care. Int J
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Discussion

We developed a comprehensive list of 56 QI using the
Modified RAND Appropriateness Method. A Working
Group representing members of the CTS with expertise in
PR and QI conducted the systematic review that generated
candidate QI. A Delphi process using the expertise of clini-
cians and academics with interest and experience in PR, and
a patient representative rated the importance, scientific
soundness, reliability and feasibility of each candidate QI to
generate the final list of 56 QI. The Working Group distilled
the list to 14 core items for pulmonary rehabilitation pro-
grams in Canada. These evidence-based QI represent a tool
to assess the quality of PR across Canada, implement quality
improvement strategies and subsequently evaluate the suc-
cess of those strategies. Such activities can lead to improved
outcomes for people attending PR and support initiatives to
expand the availability of PR in Canada.

Although QI for PR have been developed in the UK and
in Spain, neither explicitly described the methodology used
in their development.7,13 G€uell et al reported that their QI
were developed by a single group of investigators.13 Pairs of
authors developed the QI for a particular patient population
and these were subsequently reviewed by all the authors.
Revisions were made until the group reached consensus.
Yohannes et al reported that they developed their QI state-
ments based on guidelines from the National Institute for
Health and Clinical Excellence and the BTS.7 We used rigor-
ous methodology based on the Modified RAND
Appropriateness Method that allowed us to minimize biases
that may have been inherent in the creation of QI in other
jurisdictions. Development of our candidate QI was based
on a systematic review of the literature and not limited to
existing guidelines. This ensured that we had a comprehen-
sive list of high quality QI. Our Working Group, consisting
of academic clinicians with experience in QI development
and PR, provided the necessary expertise to develop a realis-
tic set of candidate QI. Using a Delphi process that included
clinicians and academics, separate from the Working Group,
as well as a patient to determine the final set of QI helped
to reduce personal bias. Patients were not included in the
development of either of the European QI sets. Voting on
the candidate QI was done using an electronic survey system
providing anonymity of responses. Appropriateness of the
candidate QI was analyzed mathematically to further reduce
bias. Therefore, we are confident that our development pro-
cess and the decision makers involved have ensured an
unbiased, comprehensive set of high quality QI.

The need for a unique set of Canadian QI was driven by
the recognition that QI are not easily transferable among
countries. For instance, Spruit et al noted that respiratory
therapists, who are frequently involved in delivering PR in
Canada, are not a recognized profession in Europe.11

Similarly, Desveaux and her colleagues reported that physio-
therapists played a key role in delivering PR in the UK,
Sweden and Canada but they were employed in less than
50% of PR programs in the US.21 The Spanish QI include
respiratory physical therapy, which has no specific definition
in Canada.13 G€uell et al organized the Spanish QI into 5 sec-
tions addressing: indications for PR, evaluation of

participants, program components, program characteristics
and administrative components in the implementation of
RR.13 These were assessed for each of 5 “disease groups,”
which can make evaluating QI unwieldly. The UK QI focus
on patients with COPD.7 Our core set of 14 QI are largely
applicable to any participant in PR. In addition to inter-
national differences in the appropriateness of QI, the
Canadian survey highlighted a wide variation in delivery of
PR across the country.2,9 Undoubtedly, most clinicians who
deliver PR programs believed that they were delivering service
according to current guidelines. However, Eccles et al
reported that health care professionals overestimate their
adherence to clinical guidelines by 20–30%.22 Our QI are sen-
sitive to this practice variation and provide specific criteria
for exercise testing and prescription, in contrast to the UK QI
set.7 Thus, our QI have the potential to stimulate improve-
ments in PR that are specific to the Canadian context.

Quality indicators have been the foundation of ongoing
program audits in England and Wales.8 Audits in 2015 and
2017 have demonstrated improvements in program comple-
tion rates that are known to result in better health out-
comes, a greater number of written discharge exercise
programs, and an increase in muscle strength assessments.
Quality indicators can be valuable in guiding the develop-
ment of new models of PR delivery and assessing their sub-
sequent performance. The recent Canadian survey noted an
increase in community-based and tele-rehabilitation pro-
grams. As well as home-based PR, these models offer ways
to improve limited access to PR in Canada, which can occur
due to distance from the program sites and the cost of
transportation. However, it will be important to ensure pro-
gram quality and associated health benefits linked to high
quality PR are not compromised.23

It is essential that QI are worded to facilitate an audit
process. Our QI are explicit and have avoided the pitfalls of
using terms like “should,” which has been used in previous
QI.13 We have also tried to avoid ambiguity that is demon-
strated in the 2008 audit of UK PR programs.7 In that docu-
ment one quality indicator requires the program is delivered
by a multidisciplinary team and that the indicator is ‘only
partially met’ if the rehabilitation program has contributions
from only physiotherapists and respiratory nurses. This
implies that physiotherapists and respiratory nurses do not
meet the definition of a multidisciplinary team but there is
no guidance on how to achieve full compliance with the
indicator. We believe our QI have clarity and specificity that
will facilitate audit processes.

Limitations

There are some limitations in the QI we have developed.
Most of the literature informing the list of candidate QI is
based on PR for people with COPD. Increasingly people
with interstitial lung diseases, asthma, lung transplantation,
pulmonary hypertension and other respiratory conditions
are enrolled in PR. Our QI may not reflect certain aspects
of quality treatment for these patients. Although we
included a patient representative with COPD on our Delphi

CANADIAN JOURNAL OF RESPIRATORY, CRITICAL CARE, AND SLEEP MEDICINE 9



panel, broader patient representation may have strengthened
the development process.

We did not have the Delphi panel discuss the full list of
56 QI. It is possible that QIs considered “acceptable” or
“unacceptable” could have had a different decision after a
discussion. However, we believe that our list of 14 core
competencies reflects high standards and would be feasible
for use in an external or self-assessment audit. In addition,
the full list of 56 QIs are presented such that programs that
have the capacity may conduct a more detailed audit of their
program. Although we took great care to limit personal bias
in the development process, it is possible that the QI could
change with a different Delphi panel. This is not unique to
our work, but a potential limitation when utilizing this
development methodology.

Conclusion

We used a rigorous evidence-based systematic approach,
based on the modified RAND Appropriateness Method, to
develop 14 core QI that address the key aspects of delivery
and assessment of PR. The development process was
informed by a systematic literature review, the results of the
most recent Canadian PR survey, as well as quantitative and
qualitative assessments by academic and clinical experts in
the field of PR, and a patient representative. These QI can
be used to develop and assess strategies to improve PR at
the local, provincial or national level. The QI are based pri-
marily on data from PR involving people with COPD but
can be used as a framework to explore whether modifica-
tions for specific patient populations are needed. Future
work needs to assess the feasibility of using these QI in var-
ied PR settings in Canada, and globally. Finally, work to
determine achievable benchmarks for each of the QI are
needed such that this information can be combined with
feedback on performance and goal setting to improve quality
of care and patient outcomes.
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