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Abstract

Pulmonary rehabilitation (PR) is a cornerstone management for chronic obstructive pulmonary disease (COPD). International

respiratory societies defined PR is more than “just an exercise program”; it is a comprehensive care delivered by a team of dedicated

healthcare professionals with a strong emphasis on long-term health-enhancing Behaviors. However, “Uncertainty” exists with

varied reasons for the political and geographical barriers of referral, uptake, attendance, and completion of PR in both primary and

secondary care. Besides, COVID-19 pandemic has sparked many global controversies and challenges on pulmonary rehabilitation

service delivery. Post-COVID-19 guidelines emphasize on integrated care rehabilitation for patients with COPD. Thus, this concise

review intends to understand the gaps in United Kingdom healthcare policies, practices, and PR services resources. To date, there is

no clear consensus on PR integrated care model pathway to address the unmet needs, measure the health and social care disparities;

adds to the disease burden of COPD. Based on the culmination of evidence, this perspective offers a theoretical framework of PR

integrated service model, a pathway to deliver high-value personalized care to patients with COPD.

Copyright© 2021 Chinese Medical Association. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a

global health problem and predicted to be the fourth

leading cause of death worldwide by 2030.1 COPD is

the second most common cause of emergency admis-

sions and fifth most common cause of mortality in the

United Kingdom.2 COPD is an irreversible, progres-

sive non-communicable chronic lung disease often

linked with tobacco smoking or airborne exposure or

inherited a-antitrypsin deficiency.3 Patients with

COPD often present breathlessness, cough, physical

inactivity, fatigue and frequent exacerbations.4 Be-

sides, systemic co-morbidities, disease-specific exac-

erbations, poor self-management have adverse

implications on patient and healthcare systems.5e7 The

disease's unique complexity calls for integrating
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multidisciplinary professionals across all healthcare

system levels to provide holistic and less fragmented

care for patients with COPD.8

Pulmonary Rehabilitation (PR) endorsed as a “Gold

Standard” non-pharmacological component of inte-

grative respiratory medicine in the management of

COPD.9,10 PR is defined as a comprehensive multi-

component program that includes patient assessment,

patient-tailored therapies of exercise, education, and

psychosocial intervention designed for patients with

chronic respiratory disease to manage their condition

beyond the duration the program.11,12

A typical comprehensive PR components of care

includes:

1. Inclusive assessment by an interdisciplinary team

of specialists both in secondary and primary care

providers.

2. Optimization of medical management, including

supplemental oxygen.

3. Optimization of non-pharmacological manage-

ment, including exercise training, physical activity,

nutrition, psychosocial support.

4. Promote sustained self-management education,

including smoking cessation intervention, vacci-

nation, physical activity, energy conservation,

nutrition, end of life etc.

5. Timely psychosocial assessment and support for

cognitive impairment and behavioral change

interventions.

6. Maintenance programmes and community support

with relevant professional support.

7. Key performance measure of dyspnea, health sta-

tus and exercise assessment and feedback by sec-

ondary and primary care providers.11,12

Despite confirmed benefits of PR, it is widely

underutilized.13 Global variations exist between ideal

and provided PR care, with regional heterogenicity in

local healthcare systems.14 This review aimed to pro-

vide a concise overview of current gaps in United

Kingdom PR healthcare policies, practices and re-

sources with a resolution to design a theoretical

framework COPD-PR service pathway.

PR service gaps pre COVID-19

As per definitions, PR is more than “just an exercise

program” or “chest physiotherapy” and warrants in-

clusion of multidisciplinary interventions to improve

skills for “effective long term behavior change in pa-

tients with COPD”.11,14,15 Ideally, the PR program

should be “One Shop Stop” offering standard

comprehensive patient-tailored intervention such as

medical, physical, psychological therapies and social

care support to witness sticky “lifelong” health-

enhancing behavior change. International PR guide-

lines recommend prescription of at least 20 sessions to

achieve physiological benefits or more extended pro-

grammes to sustain the positive effects of health-

related quality of life and behavior change.16 Evidence

confirms at least more than 16 weeks of training

deemed appropriate to improve aerobic fitness in

healthy aged population.17 To date, there is no

consensus on the optimal duration of PR, local re-

sources and behavioral patterns for patients with

COPD.18 In practice, most PR programmes in UK,

have adopted a reductionist approach with shorter

programmes of 6 weeks, 2 to 3 times per week deliv-

ered in various settings e primary, secondary, or

community care positioned only on exercise training

and education.19 Additionally, PR performance in-

dicators are focused on functional walk test with least

attention to daily living activities, or mental health,

woefully missing the holism of multidisciplinary

engagement.14,19

In recent years, increasing physical activity (PA)

perceived as one of the crucial PR outcomes due to

awareness of the detrimental effects of physical inac-

tivity in patients with COPD.20 Higher daily physical

activity levels are associated with potential health

benefits and require early behavior change intervention

partnership with multidisciplinary stakeholders for

COPD patients groups BeD.21,22 Exercise vital signs

(EVS) is a validated tool for screening and monitoring

population-level PA.23 EVS could also provide data on

social and behavioral domains on an individual level to

tailor lifestyle behavioral interventions for patients

with chronic lung disease. However, translation of

evidence to routine remains challenging due to

knowledge gaps in science and its physical activity

benefits among patients and healthcare professionals.

While PR's immediate short-term benefits are un-

disputed, given the nature of severity of COPD, ben-

efits including exercise capacity, symptoms, and

quality of life wean as early as 3e4 months without

any maintenance strategy.24 Long-term maintenance

programme focused on self-management skills training

is pivotal for patient engagement to trigger and sustain

long term behavior change. Many centres deliver self-

management only focused on virtual educational

components and written action plans to patients with

COPD. However, education alone is insufficient to

achieve the goal of behavioral change.25 International
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expert group25 defines a self-management intervention

for COPD as the structured programme with person-

alized multi-component goals to address patient moti-

vation, engagement and skills development training for

healthy behavior change. Self-management in-

tervention's objectives require focus on personalized

plans on physical, psychological and social well-being

in COPD patients. Yet, to date, the transformation of

self-management constructs to practice in PR pro-

gramme is naïve.

In the United Kingdom, the National Health Service

(NHS) and British Thoracic Society (BTS) quality

improvement programs emphasize patient-centered

self-management as the central tenet of PR programme

initiatives.26 Few initiatives such as Expert Patient

Programme (led by patients) and British Lung Foun-

dation (led by exercise specialist) focused on deliv-

ering community support for exercise and dyspnea

management in COPD patients. Taking a look at those

initiatives, generally self-management programmes are

focused on breathing retraining to combat exacerba-

tions. In reality, beyond breathing issues, patients with

COPD face a tremendous ambivalence towards

adopting long-term healthy behaviors including

compliance with pulmonary rehab sessions, smoking

cessation, medications, oxygen therapy, physical ac-

tivity, social networking and self-management tech-

niques. These issues could be attributed to the

misconception of PR's value, thus posing an economic

challenge to NHS. Hence, PR programmes objectives

should extend beyond symptom recognition for exac-

erbations. As COPD disease is associated with various

psychosocial pathology, it is crucial to include ongoing

professional support for health and behavioral in-

terventions in PR programmes.

Behavior change plays a vital role in health pro-

motion and is a significant challenge for current health

promotion policy and practice.27 Behavioral in-

terventions need to be tailored to patients and require

continued, incremental, and focused sustainability ef-

forts. Intervention strategies should draw attention to

Albert Bandura theories e Social Cognitive Theory

(SCT) and Transtheoretical Model (TTM) to address

challenges of self-efficacy and readiness to compile

with self-management recommendations prescribed in

PR.28 Transformation of those theories to practice

require skilled professionals to facilitate literacy sen-

sitive, patient-centred interactions to identify barriers

and facilitators for motivation, confidence and

competence in patients with COPD. Traditionally,

psychologist or psychotherapist is deemed mental

health professionals to prescribe behavioral therapies.

Precipitately, the role of mental health professionals is

under-resourced in pulmonary rehabilitation pro-

grammes. For reasons little understood, the choice of

mental health is at the patient's discretion in COPD

care management. Universally, there is a lack of a

consensus on what components constitute psychologi-

cal and social constructs for COPD patients.

Past few years, the theme of public engagement was

recognized as a crucial element for behavior change

models underpinned by social practice theories, social

networks and interactionism to reduce health care

costs.29 New healthcare models in the United States,

England and South Africa have promoted financial

incentives to encourage healthy behaviors.30 Further

evidence exists that contingency management (CM)

programs that are incentive-based (vouchers or prizes)

promotes effective health behavior change.31,32 Con-

trasting evidence confirms financial incentives for

problematic behaviors is insufficient to elicit sustain-

able behavioral change.33 COPD net study34 adopted

number of behavioral performance measures and

shared decision making to design a personalized self-

management care plan for COPD patients. COPD net

study summons reform of local health policies and

reconfiguration of PR service model in the UK for a

culture of sustainable health behavior change.

To date, several challenges persist for successful

implementation of a comprehensive PR.35 Besides,

variation and lack of understanding of COPD pheno-

types, extrapulmonary traits, disease severity, patient

personal choices of healthcare complicate and chal-

lenges PR long term management in primary care.36,37

PR audit exposes only 13% of eligible COPD patients

offered PR, and only 60% of patients were enrolled

into PR within 90 days of referral.38 UK healthcare

policies and system operates as a one-way traffic sys-

tem where respiratory care specialist in secondary care

initiates the majority of COPD referrals. Patient au-

tonomy and accountability for their disease manage-

ment has no structured constructs in health policy.

Current PR care model for patients with COPD are not

logical and brings along risks, waiting times and delays

for the patient and duplication of tests causing addi-

tional costs to the health care system. Lack of struc-

tured inclusion of PR in primary care networks

portrays a fragmented operational strategy that is a

deterrent for implementing holistic person-centred or

community-based approaches.
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Missing puzzles in PR care delivery

Presently in UK, PR care model for COPD focuses

on “What is the matter” and the vision should be

reverted to “What matters to the patients” to coproduce

a simple, cost-effective and sustainable patient-centred

care.39 Prominently, knowledge gap, barriers of local

health policies, lack of resources for health care pro-

fessionals training demands creative solutions for

optimal PR care management. Some of the gaps are

reliant at local-level health policies with heterogenous

challenges, such as translation of clinical guidelines at

the local level affected by local advocates and available

resources, selection and implementation of health-

related behavioral policies influenced by individuals

health belief model.

In short, there is lack of consensus on what con-

stitutes ‘success’ or ‘effectiveness’ for a standard

model of PR integrated care to evade disparity in

health care services for COPD population.40 Based on

review, the author perceives significant barriers in

implementing PR integrated care model suffers con-

tingency plan on six process that includes: 1. Patient

leadership in developing and implementing healthcare

care policies for timely access to diverse care needs

for early diagnosis (Accessibility). 2. Education of

referral sources (medical and allied health pro-

fessionals) with effective marketing strategies

(Enrollment). 3. Tangible rewards for both patient and

healthcare professional for personal and professional

engagement (Governance). 4. Quality management

system for patient and healthcare professionals'

accountability at various levels of health care delivery

(Adherence). 5. Robust performance management

with multiple stakeholders (Quality Assurance). 6.

Inclusion of patient perspectives for ongoing care

provision (Sustainability). It compels us to rethink

and reform our current PR operational systems to

generate prepared clinicians, knowledgeable and

confident patients.

Seeking to address and resolve health disparities,

recent policy statement from international respiratory

societies has several recommendations to close the

theory-practice gap in PR.41 The key recommendations

include: 1. Inclusion of formal training and ongoing

professional development in the national curriculum

for physicians and allied health professionals involved

in respiratory care. 2. Increase public awareness by

developing patient education materials on PR's process

and benefits in multiple formats aligned to the region's

linguistic and cultural needs. 3. Increase the PR ca-

pacity by commissioning new model of evidence-

based, sustainable integrated PR programmes in pri-

mary and community care. 4. Ongoing monitoring on

the key performance measures to ensure quality

assurance.

UK health care policies and systems response

In 2010, COPD consultation group drafted a sum-

mary on commitment to expand and integrate PR in-

terventions with cardiac rehabilitation programme. In

2019, NHS Long term plan42 recognized “chronic

respiratory disease” as a national clinical priority, and

healthcare systems need to innovate care model

tailored to the evolving needs of diverse communities.

Following, NHS improvement plan commissioned to

establish Integrated Care Systems (ICS) across the UK

to expand PR services putting ownership on primary

care networks. The objective was primarily to: 1. in-

crease the PR's referral rates from 13% to 60% by

2023; 2. Patients digital access to their medical records

from 2020/21; and 3. Expansion of mental health ser-

vices with integration of physical activity by 2023.

Additionally, nature-based social prescribing recog-

nized as a crucial care element of GP contract to

improve the efficiency and effectiveness of primary

care services for psychosocial well-being of local

communities.

In alignment with NHS Long term plan, the BTS

position statement on Integrated Care Model43 had

identified two significant inconsistencies in PR service

delivery for COPD patients: 1. Access and delivery of

post-hospitalization PR; 2. Adherence to guidelines

and quality standards. Subsequently, actionable steps

were targeted on: 1. continuous digital education sup-

port for patients attending pulmonary rehabilitation; 2.

Integrated digital decision support; 3. Incentivizing

cross-organization working system design; and 4.

Quality assurance of clinical data collection and audit

process. To support the action steps, two key initiatives

such as NHS long-Term Plan and National GP incen-

tive scheme were commissioned to promote and build

PR capacity. In 2018, pulmonary rehabilitation ser-

vices accreditation schemes (PRSAS) was launched to

monitor the PR quality assurance by the royal college

of physicians.44 Yet this scheme is predominately

recognized only in England and it is in nascent stage.

Some perceived barriers for PRSAS were the funding,

resources, training and integrated constructs for PR

services.

Despite those actions and initiatives, recent PR clin-

ical audit interim report45 revealed only two hundred and

twenty-three services participated in England (n ¼ 194),
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Scotland (n ¼ 18) and (Wales n ¼ 11) for a UK popu-

lation of 66,796,807 (mid-2019), shedding light on the

uneven distribution of PR programme nationwide.

Another report confirmed 14 different ICS model across

England are not meeting the expected reductions in

hospital admissions46 due to varied reasons: 1. Lack of

patient perspectives; 2. Low multidisciplinary working

partnership at primary care; 3. Lack of SMART out-

comes measures. Moving forwards, ICS model should

involve primary care networks and have a shared vision

to tackle personal, behavioral and social care for patients

with COPD.

COVID-19 and pulmonary rehabilitation

COVID-19 has brought unprecedented challenges

and unparallel opportunities for innovations in global

health care delivery models, including pragmatic pul-

monary rehabilitation services.47 The patient-centred

care and experience, a central precept of the NHS long-

term plan, is now made mandatory to build a resilient

care system that prioritizes value, accessibility, satis-

faction, and, most importantly, outcomes. These health

imperatives have placed an undeniable demand on

telehealth and virtual solutions that can no longer be

set aside. Usage of telehealth and virtual care has

already risen steeply in the last eight months. Studies

confirm remotely supported PR with telecare is non-

inferior to traditional centre-based PR.48,49 The swift

shift toward digital delivery provides a clean slate for

clinical leaders to understand their patient population's

current clinical condition, experience and staff needs

for a sustainable health system.

Presently, with ambiguous promises on new vac-

cines, we are entering into new challenges of Post-

COVID-19 rehabilitation. Recent BTS update on

“business as usual” has documented guidance on

revamping PR with alternative business solutions

(digital) to ensure the best quality of post COVID-19

rehabilitation. Guidelines for post-COVID-19 rehabil-

itation emphasize an integrated multidisciplinary

approach involving medical doctors, physiotherapists,

and psychotherapists.43,50 Many UK centers yet to

establish these services and optimal care management

remains unclear. Though there was a swift cultural

change of virtual connections of video calling for pa-

tient consultation, still there were some unknown bar-

riers for a consistent, integrated care model to deliver

consistent and agile PR services. Arguably, it is un-

known if COVID-19 is a percussor for a cultural

change of technology-based solutions for sustainable

care amidst the ambiguity of cybersecurity and integ-

rity of health care data.

Pragmatic solution

In the 20th century, patient-centred care (PCC)

concepts had permeated the healthcare systems with a

cultural shift to care delivery focused on patient

satisfaction and outcome.51,52 Evidence on patient-

centered care confirms decreased healthcare utiliza-

tion, improved patient compliance and quality of

care.53 In this modern era, the health care system is

subjected to continuous transformational shifts from

volume- to value-based care. Seeking to overcome the

volume issues, integrated care, and patient care coor-

dination would be pragmatic solutions to deliver

equitable PR services to diverse communities.54

Currently, there is no consensus on sustainable per-

formance indicators for integrated care systems.

Moving forward, reconfiguration of pulmonary reha-

bilitation services in primary care should include ele-

ments of live, personalized care programme, agile

staffing models, continual outcome assessment and

patient engagement with parity to diverse commu-

nities.55 Integration of artificial intelligence (AI) and

augmented reality (AR) would be an intuitive way of

reconfiguring pulmonary rehabilitation care delivery to

target personalized care and patient engagement.56

Integrated telerehabilitation would be cost-effective

on workforce demands for diagnostics and therapeutic

interventions to target the right care, at the right time,

for the right people. Based on pragmatic evidence,

personalized COPD management needs to be tailored

on pulmonary, extrapulmonary and behavioral treat-

able traits.57 PR is an “integrative model approach” to

attain quality, accessibility, cost-effectiveness and pa-

tient participation.58,59 Studies confirm remotely sup-

ported PR with telecare is non-inferior to traditional

center-based PR.48,49 Most PR interventions could be

provided in primary care adopting telemedicine solu-

tions (AR & AI) and chronic care model to improve

timely access, enrollment, and engagement for COPD

patients.60e62 A distinction between emotional and

functional dimensions of quality of life may improve

the design and evaluation of integrated health care

programmes in patients with COPD.63 A sustainable,

high-quality, evidence-based PR care at a sensible cost,

demands technology-enabled collaborative partnership

between public, private and voluntary charity organi-

zations to deliver innovative models of multi-compo-

nent care services for patients with COPD.64,65
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Proposed theoretical framework e RAPRIS model

From the analysis of evidence, healthcare policies

and perspectives, it is crucial to be open for a disrup-

tive innovation of an autonomous, opportunity-driven

service model to reform the healthcare system. In

recognition of knowledge and geographical gaps, it

would be intuitive to harness both AI and AR in a

primary care setting to create a community of COPD

population practices. Thus, the author proposes a

theoretical Framework e “Rapid Access Pulmonary

Rehabilitation Integrated Services” (RAPRIS) model at

every primary care centre in UK bringing care closer to

people's home (Fig. 1). RAPRIS model is based on

theoretical frameworks of learning66 and serves as a

platform for patient-centred outcomes service and

knowledge hub for healthcare practitioners involved in

care delivery for COPD patients.

The global objective of RAPRIS model is to alle-

viate health and social care disparities with integrated

technology-enabled solutions to local communities

for sustainable patient empowerment and quality care.

In RAPRIS model, each primary care hub will be

governed by Primary Care Champions (GP/Nurse/

Allied health professionals) for patients with COPD.

Mental health professionals (psychologist or psycho-

therapist) and social prescribing link workers will be

commissioned on a ratio 1:1000 population at every

primary care hub to address social and mental health

needs of COPD patients. A Patient Care Coordinator

(PCC) will be commissioned at every primary care

hub and acts as a case manager with support of “PR

Pal” (Virtual). Besides, a secondary care respiratory

case manager will be commissioned at every hospital

to prevent duplication or fragmentation of referrals

and enhance health care delivery's integrity at the

right time to the right people. Block funding model

will be adopted to commission private RAPRIS

clusters per clinical commissioning group (CCG) to

increase PR capacity in primary and community care

settings.

The novel features of this RAPRIS model includes

virtual platforms of “Team-based learning (TBL)

knowledge hub”, “PR Pal”, “Behavioral Deposit

Scheme” and digital telehealth using AI and AR. Vir-

tual team-based learning (TBL) knowledge hub aims to

create a community of practices in COPD care delivery

for both patients and healthcare professionals. Self-

referral is promoted for patient leadership on their

disease and “Behavioral Deposit Scheme” would be

incorporated to sustain patient and family engagement

in COPD care plan. Digital telehealth will support

diagnostic e disease profile, care coordination, deci-

sion support, patient education and professional

training updates. Patients will also be provided with

open access to E-health record and Digital COPD Pass

Book, color-coded based on disease-specific and

behavioral factors.

Fig. 1. Chronic care model and pulmonary rehabilitation service design (from Shakila Devi Perumal with author's permission).
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Operations of RAPRIS model

The theoretical framework of RAPRIS service

design (Fig. 2) includes four phases: 1. Referral Phase;

2. Integrated care phase; 3. Sustainability Phase; 4.

Discharge Phase.

Referral Phase (0eWeek 2)

This phase is driven by patient leadership via E-

health Hub platform with enhanced features of AI and

AR. Patient with symptoms of COPD initiates self-

referral for virtual on-demand consultation to PCC.

Following, PCC will process the referral within 48

hours to primary care champions for initial virtual

consultation to determine the symptom, motivational

barriers and diagnostic profile of the patient. Primary

care champions will conduct initial virtual consultation

to formulate patient medical record (PMR). Major

parameters include diagnostic measurements, assess-

ment of patient disease profile, prescription and goals

of the COPD care plan, social care and motivational

factors. PMR will be processed through electronic

patient data management and triage system (EPMTS).

All patient information will be password protected and

stored in iCloud with a consented access to relevant

healthcare professionals.

Patient data will be used to color-code digital COPD

passbook to personalize patient care needs. Color

coding would enable healthcare providers to access

more accurate and detailed clinical information

securely to inform clinical decision making. E-health

platform also provides customized information to pa-

tients on lab results, clinical appointment reminders,

self-scheduling, secure e-mail with providers, pre-

scription refills, and educational content. Patient access

to their health care diagnostic information will stimu-

late accountability and lifelong engagement in their

health management decisions.

Integrated care phase (Week 3 to Week 30)

During this phase, PCC will review medical and

rehabilitation needs via virtual behavioral and moti-

vational screening surveys to identify patient self-

selected health enablers for treatment, education and

self-management to tailor care package. Patients would

receive a care package notification within 48 hours

following their initial virtual consultation. PCC will

ensure ongoing care coordination including liaison of

medical and social support, virtual follow-up consul-

tation and case review every three months, and

continuous virtual “team-based education” for patients.

Virtual consultations and interventions promote health

belief model bringing rehabilitation care in patients

home saving time, money, unnecessary travel and

discomfort.

Sustainability Phase (Week 3eWeek 52)

In this phase, behavioral interventions based on

Social Cognitive Theory (SCT) or Transtheoretical

Model (TTM) or Cognitive Behavioral Therapy (CBT)

Fig. 2. Pulmonary rehabilitation integrated care pathway using telemedicine (from Shakila Devi Perumal with author's permission).
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will be designed and delivered over the E-health plat-

forms for various behaviors such as physical activity,

alcohol, smoking, anxiety and depression. To improve

patients' self-efficacy in COPD management, “Behav-

ioral Deposit Scheme” will be introduced to comply

with appointments and self-management programmes.

Discharge Phase (Week 52)

In this phase, PCC would assess significant perfor-

mance outcomes in three domains: physical, psycho-

logical and social to initiate a discharge or transfer to

secondary or tertiary care settings. On the decision of

discharge, a patient would be given lifetime access to

virtual PR self-management programmes. Discharged

patient data would be retrieved by local primary care

hub for ten years from the day of initial patient contact.

Conclusion

People with COPD has multifaceted barriers to ac-

cess timely pathway of high-value care from diagnosis

to pulmonary rehabilitation. NHS healthcare systems

are often pressurized by demand exceeding the sys-

tem's capacity. The hypothetic framework of RAPRIS

model and recommendations are the culmination of

ideas gathered from the literature evidence. Engage-

ment of health technology solutions (AI & AR),

together with the application of decentralized gover-

nance (PCC) in primary care settings and risk stratifi-

cation measures would be an intuitive strategy for

effective holistic COPD management beyond COVID-

19 pandemic. Success of proposed theoretical frame-

work on RAPRIS model demands a project team with

drive, autonomy, expertise to attract investment from

executive healthcare decision-makers to pilot and

embed this model in current healthcare systems.

Conflicts of interest

None.

References

1. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for

the diagnosis, management, and prevention of chronic obstruc-

tive lung disease 2017 report. GOLD executive summary. Am J

Respir Crit Care Med. 2017;195:557e582. https://doi.org/

10.1164/rccm.201701-0218PP.

2. NICE. Retrieved from https://www.nice.org.uk/guidance/ng115/

resources/resource-impact-report-pdf-6602803741; 2020.

3. Celli BR, MacNee W, ATS/ERS Task Force. Standards for the

diagnosis and treatment of patients with COPD: a summary of

the ATS/ERS position paper. Eur Respir J. 2004;23:932e946.

https://doi.org/10.1183/09031936.04.00014304. Erratum in: Eur

Respir J. 2006;27:242.

4. Docherty AB, Harrison EM, Green CA, et al. Features of 20 133

UK patients in hospital with COVID-19 using the ISARIC WHO

Clinical Characterisation Protocol: prospective observational

cohort study. BMJ. 2020;369:m1985.

5. Puhan MA, Gimeno-Santos E, Cates CJ, Troosters T. Pulmonary

rehabilitation following exacerbations of chronic obstructive

pulmonary disease. Cochrane Database Syst Rev.

2016;12:CD005305. https://doi.org/10.1002/14651858.

CD005305.pub4.

6. Mannino DM, Higuchi K, Yu TC, et al. Economic burden of

COPD in the presence of co-morbidities. Chest.

2015;148:138e150. https://doi.org/10.1378/chest.14-2434.

7. Zwerink M, Brusse-Keizer M, van der Valk PD, et al. Self

management for patients with chronic obstructive pulmonary

disease. Cochrane Database Syst Rev. 2014;2014:CD002990.

https://doi.org/10.1002/14651858.CD002990.pub3.

8. Wagg K. Unravelling self-management for COPD: what next?

Chron Respir Dis. 2012;9:5e7. https://doi.org/10.1177/

1479972311435910.

9. Nici L, Donner C, Wouters E, et al. ATS/ERS Pulmonary

Rehabilitation Writing Committee. American Thoracic Society/

European Respiratory Society statement on pulmonary rehabil-

itation. Am J Respir Crit Care Med. 2006;173:1390e1413.

https://doi.org/10.1164/rccm.200508-1211ST.

10. Ries AL, Bauldoff GS, Carlin BW, et al. Pulmonary rehabilita-

tion: joint ACCP/AACVPR evidence-based clinical practice

guidelines. Chest. 2007;131:4Se42S. https://doi.org/10.1378/

chest.06-2418.

11. Spruit MA, Singh SJ, Garvey C, et al, ATS/ERS Task Force on

Pulmonary Rehabilitation. An official American Thoracic Soci-

ety/European Respiratory Society statement: key concepts and

advances in pulmonary rehabilitation. Am J Respir Crit Care

Med. 2013;188:e13ee64. https://doi.org/10.1164/rccm.201309-

1634ST. Erratum in: Am J Respir Crit Care Med.

2014;189:1570.

12. Bolton CE, Bevan-Smith EF, Blakey JD, et al, British Thoracic

Society Pulmonary Rehabilitation Guideline Development

Group, British Thoracic Society Standards of Care Committee.

British Thoracic Society guideline on pulmonary rehabilitation

in adults. Thorax. 2013;68. https://doi.org/10.1136/thoraxjnl-

2013-203808. ii1eii30.

13. Grosbois JM, Gicquello A, Langlois C, et al. Long-term evalu-

ation of home-based pulmonary rehabilitation in patients with

COPD. Int J Chron Obstruct Pulmon Dis. 2015;10:2037e2044.

https://doi.org/10.2147/COPD.S90534.

14. Spruit MA, Pitta F, Garvey C, et al. Differences in content and

organizational aspects of pulmonary rehabilitation programmes.

Eur Respir J. 2014;43:1326e1337. https://doi.org/10.1183/

09031936.00145613.

15. Spruit MA, Pitta F, McAuley E, ZuWallack RL, Nici L. Pul-

monary rehabilitation and physical activity in patients with

chronic obstructive pulmonary disease. Am J Respir Crit Care

Med. 2015;192:924e933. https://doi.org/10.1164/rccm.201505-

0929CI.

16. Vestbo J, Hurd SS, Agustí AG, et al. Global strategy for the

diagnosis, management, and prevention of chronic obstructive

pulmonary disease: GOLD executive summary. Am J Respir Crit

Care Med. 2013;187:347e465. https://doi.org/10.1164/

rccm.201204-0596PP.

114 S.D. Perumal / Chronic Diseases and Translational Medicine 7 (2021) 107e116



17. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, et al.

American College of Sports Medicine position stand. Exercise

and physical activity for older adults. Med Sci Sports Exerc.

2009;41:1510e1530. https://doi.org/10.1249/MSS.

0b013e3181a0c95c.

18. Beauchamp MK, Janaudis-Ferreira T, Goldstein RS, Brooks D.

Optimal duration of pulmonary rehabilitation for individuals

with chronic obstructive pulmonary disease e a systematic re-

view. Chron Respir Dis. 2011;8:129e140. https://doi.org/

10.1177/1479972311404256.

19. Desveaux L, Janaudis-Ferreira T, Goldstein R, Brooks D. An

international comparison of pulmonary rehabilitation: a sys-

tematic review. COPD. 2015;12:144e153. https://doi.org/

10.3109/15412555.2014.922066.

20. Blondeel A, Demeyer H, Janssens W, Troosters T. The role of

physical activity in the context of pulmonary rehabilitation.

COPD. 2018;15:632e639. https://doi.org/10.1080/

15412555.2018.1563060.

21. Perumal SD. Is there any simple tool to enhance physical activity

in patients with COPD?. EC Pulmonology and Respiratory

Medicine. 2016;2(4):148e160.

22. Institute of Medicine. Capturing Social and Behavioral Domains

and Measures in Electronic Health Records: Phase 2. Wash-

ington, DC: The National Academies Press; 2014. https://

doi.org/10.17226/18951.

23. Maddocks M, Kon SS, Singh SJ, Man WD. Rehabilitation

following hospitalization in patients with COPD: can it reduce

readmissions? Respirology. 2015;20:395e404. https://doi.org/

10.1111/resp.12454.

24. Effing TW, Bourbeau J, Vercoulen J, et al. Self-management

programmes for COPD: moving forward. Chron Respir Dis.

2012;9:27e35. https://doi.org/10.1177/1479972311433574.

25. Effing TW, Vercoulen JH, Bourbeau J, et al. Definition of a

COPD self-management intervention: international expert group

consensus. Eur Respir J. 2016;48:46e54. https://doi.org/

10.1183/13993003.00025-2016.

26. BTS Respiratory Quality Improvement Report. https://www.brit-

thoracic.org.uk/quality-improvement/; 2018.

27. Kelly MP, Barker M. Why is changing health-related Behavior

so difficult? Public Health. 2016;136:109e116. https://doi.org/

10.1016/j.puhe.2016.03.030.

28. Williams DM, Rhodes RE. The confounded self-efficacy

construct: conceptual analysis and recommendations for future

research. Health Psychol Rev. 2016;10:113e128. https://doi.org/

10.1080/17437199.2014.941998.

29. Hunter DJ. The Wanless report and public health. BMJ.

2003;327:573e574. https://doi.org/10.1136/bmj.327.7415.

573.

30. Jochelson K. Paying the Patient Improving Health Using

Financial Incentives. London: Kings Fund; 2007. Retrieved from

https://www.kingsfund.org.uk/sites/default/files/field/field_

document/paying-the-patient-kicking-bad-habits-supporting-

paper-karen-jochelson.pdf.

31. Higgins ST. Comments on contingency management and con-

ditional cash transfers. Health Econ. 2010;19:1255e1258.

https://doi.org/10.1002/hec.1543.

32. Volpp KG, Pauly MV, Loewenstein G, Bangsberg D. P4P4P: an

agenda for research on pay-for-performance for patients. Health

Aff (Millwood). 2009;28:206e214. https://doi.org/10.1377/

hlthaff.28.1.206.

33. Vlaev I, King D, Darzi A, et al. Changing health behaviors using

financial incentives: a review from behavioral economics. BMC

Public Health. 2019;19:1059. https://doi.org/10.1186/s12889-

019-7407-8.

34. Koolen EH, van der Wees PJ, Westert GP, Dekhuijzen R,

Heijdra YF, van 't Hul AJ. The COPDnet integrated care model.

Int J Chron Obstruct Pulmon Dis. 2018;13:2225e2235. https://

doi.org/10.2147/COPD.S150820.

35. Nici L, Singh SJ, Holland AE, ZuWallack RL. Opportunities and

challenges to expanding pulmonary rehabilitation into the home

and community. Am J Respir Crit Care Med. 2019. https://

doi.org/10.1164/rccm.201903-0548PP [published online 3 May,

2019].

36. Mannino DM. COPD: epidemiology, prevalence, morbidity and

mortality, and disease heterogeneity. Chest.

2002;121:121Se126S. https://doi.org/10.1378/chest.121.

5_suppl.121s.

37. Troosters T, Blondeel A, Janssens W, Demeyer H. The past,

present and future of pulmonary rehabilitation. Respirology.

2019;24:830e837. https://doi.org/10.1111/resp.13517.

38. Steiner M, Holzhauer-Barrie J, Lowe D, et al. Pulmonary

Rehabilitation: Time to Breathe Better. National Chronic

Obstructive Pulmonary Disease (COPD) Audit Programme:

Resources and Organization of Pulmonary Rehabilitation Ser-

vices in England and Wales 2015. National Organizational Audit

Report. London: RCP; November 2015. www.rcplondon.ac.uk/

projects/outputs/pulmonary-rehabilitationtime-breathe-better.

39. McMillan SS, Kendall E, Sav A, et al. Patient-centered ap-

proaches to health care: a systematic review of randomized

controlled trials. Med Care Res Rev. 2013;70:567e596. https://

doi.org/10.1177/1077558713496318. Epub 2013 26 Jul.

40. Young J, Jordan RE, Adab P, Enocson A, Jolly K. Interventions

to promote referral, uptake and adherence to pulmonary reha-

bilitation for people with chronic obstructive pulmonary disease

(COPD). Cochrane Database Syst Rev. 2017;2017:CD012813.

https://doi.org/10.1002/14651858 [Published 2017 3 Oct].

41. Rochester CL, Vogiatzis I, Holland AE, et al, ATS/ERS Task

Force on Policy in Pulmonary Rehabilitation. An official

American Thoracic Society/European Respiratory Society policy

statement: enhancing implementation, use, and delivery of pul-

monary rehabilitation. Am J Respir Crit Care Med.

2015;192:1373e1386. https://doi.org/10.1164/rccm.201510-

1966ST.

42. NHS long-term plan. https://www.longtermplan.nhs.uk/wp-

content/uploads/2019/01/nhs-long-term-plan-june-2019.pdf.

Accessed November 22, 2020.

43. British Thoracic Society. Guidance on respiratory follow up of

patients with a clinico-radiological diagnosis of covid-19 pneu-

monia. www.brit-thoracic.org.uk; 2020.

44. Pulmonary Rehabilitation Services Accreditation Scheme

(PRSAS). https://www.prsas.org/. Accessed January 20, 2021.

45. Pulmonary Rehabilitation Clinical Audit 2019 Interim report.

Pulmonary Rehabilitation Clinical Audit 2019 Interim Report.

2019.

46. What does integrated care mean for rural communities?.

Retrieved from https://www.rsnonline.org.uk/what-does-

integrated-care-mean-for-rural-communities; 2020.

47. Houchen-Wolloff L, Steiner MC. Pulmonary rehabilitation at a

time of social distancing: prime time for tele-rehabilitation?

Thorax. 2020;75:446e447.

48. Chaplin E, Hewitt S, Apps L, et al. Interactive web-based pul-

monary rehabilitation programme: a randomized controlled

feasibility trial. BMJ Open. 2017;7, e013682. https://doi.org/

10.1136/bmjopen-2016-013682.

115S.D. Perumal / Chronic Diseases and Translational Medicine 7 (2021) 107e116



49. Vasilopoulou M, Papaioannou AI, Kaltsakas G, et al. Home-

based maintenance tele-rehabilitation reduces the risk for acute

exacerbations of COPD, hospitalizations and emergency

department visits. Eur Respir J. 2017;49. https://doi.org/

10.1183/13993003.02129-2016.

50. NHS England. Aftercare needs of inpatients recovering from

COVID-19. https://www.england.nhs.uk/coronavirus/

publication/after-care-needs-of-inpatients-recovering-from-

covid-19/; Jun 2020.

51. StewartM. Towards a global definition of patient centred care.BMJ.

2001;322:444e445. https://doi.org/10.1136/bmj.322.7284.444.

52. Mead N, Bower P. Patient-centredness: a conceptual framework

and review of the empirical literature. Soc Sci Med.

2000;51:1087e1110. https://doi.org/10.1016/s0277-9536(00)

00098-8.

53. Bertakis KD, Azari R. Patient-centered care is associated with

decreased health care utilization. J Am Board Fam Med.

2011;24:229e339. https://doi.org/10.3122/jabfm.2011.03.100170.

54. OECD. Integrating Social Services for Vulnerable Groups:

Bridging Sectors for Better Service Delivery. Paris: OECD

Publishing; 2015.

55. The Marmot Review Strategic Review of Health Inequalities in

England Post-2010. Fair Society, Healthy Lives: Available from:

https://www.parliament.uk/documents/fair-society-healthy-lives-

full-report.pdf.

56. Kamal Jain. Artificial intelligence applications in handling the

infectious diseases. Prim Health Care. 2020;10:351.

57. Franssen FM, Alter P, Bar N, et al. Personalized medicine for

patients with COPD: where are we? Int J Chron Obstruct Pul-

mon Dis. 2019;14:1465e1484. https://doi.org/10.2147/

COPD.S175706.

58. Chavannes NH, Grijsen M, van den Akker M, et al. Integrated

disease management improves one-year quality of life in primary

care COPD patients: a controlled clinical trial. Prim Care Respir

J. 2009;18:171e176. https://doi.org/10.3132/pcrj.2009.00003.

59. Kruis AL, Smidt N, Assendelft WJ, et al. Integrated disease

management interventions for patients with chronic obstructive

pulmonary disease. Cochrane Database Syst Rev.

2013;10:CD009437.

60. Bernocchi P, Vitacca M, La Rovere MT, et al. Home-based tel-

erehabilitation in older patients with chronic obstructive pul-

monary disease and heart failure: a randomized controlled trial.

Age Ageing. 2018;47:82e88. https://doi.org/10.1093/ageing/

afx146. PMID: 28985325.

61. Ambrosino N, Vagheggini G, Mazzoleni S, et al. Telemedicine in

chronic obstructive pulmonary disease. Breathe.

2016;12:350e356.

62. Lomholt Gregersen T, Green A, Frausing E, Ringbaek T,

Brøndum E, Ulrik CS. Do telemedical interventions improve

quality of life in patients with COPD? A systematic review. Int J

Chron Obstruct Pulmon Dis. 2016;11(1):809e822. https://

doi.org/10.2147/COPD.S96079.

63. Moullec G, Ninot G. An integrated programme after pulmonary

rehabilitation in patients with chronic obstructive pulmonary

disease: effect on emotional and functional dimensions of quality

of life. Clin Rehabil. 2010;24:122e136. https://doi.org/10.1177/

0269215509346088.

64. Borgermans L, Marchal Y, Busetto L, et al. How to improve

integrated care for people with chronic conditions: key findings

from EU FP-7 project INTEGRATE and beyond. Int J Integr

Care. 2017;17:7. https://doi.org/10.5334/ijic.3096.

65. Leonardsen AL, Hardeland C, Helgesen AK, Grøndahl VA.

Patient experiences with technology enabled care across

healthcare settings- a systematic review. BMC Health Serv Res.

2020;20:779. https://doi.org/10.1186/s12913-020-05633-4.

66. Socolovsky C, Masi C, Hamlish T, et al. Evaluating the role of

key learning theories in ECHO: a telehealth educational program

for primary care providers. Prog Community Health Partnersh.

2013;7:361e368. https://doi.org/10.1353/cpr.2013.0043.

Edited by Yi Cui

116 S.D. Perumal / Chronic Diseases and Translational Medicine 7 (2021) 107e116


	Renewed vision on pulmonary rehabilitation service delivery for chronic obstructive pulmonary disease management beyond COV ...
	Introduction
	PR service gaps pre COVID-19
	Missing puzzles in PR care delivery
	UK health care policies and systems response
	COVID-19 and pulmonary rehabilitation
	Pragmatic solution
	Proposed theoretical framework – RAPRIS model
	Operations of RAPRIS model
	Referral Phase (0–Week 2)
	Integrated care phase (Week 3 to Week 30)
	Sustainability Phase (Week 3–Week 52)
	Discharge Phase (Week 52)


	Conclusion
	Conflicts of interest
	Conflicts of interest
	References


