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Abstract 

 

Background: Substantial benefits are associated with early pulmonary rehabilitation (PR) following 

severe acute exacerbations of chronic obstructive pulmonary disease (AECOPD) requiring 

hospitalisation. However, referral for, and uptake of, early PR are poor.  

Methods and findings: In a prospective cohort study of 291 hospitalisations for AECOPD, COPD 

discharge bundles delivered by PR practitioners were associated with increased PR referral (60% vs 

12%, p<0.001; adjusted odds ratio [OR]: 14.46, 95% confidence interval [CI]: 5.28 to 39.57) and uptake 

(40% vs 32%, p=0.001; adjusted OR: 8.60, 95% CI: 2.51 to 29.50) compared with non-PR practitioners.  

In a randomised controlled trial with convergent qualitative interviews, a co-designed education video 

delivered at hospital discharge did not improve post-hospitalisation PR uptake (41% usual care vs. 34% 

intervention group; p=0.37), referral, or completion. Six of fifteen interviewed participants from the 

intervention group did not recall receiving the video. 

Given the poor uptake of outpatient post-hospitalisation PR, a mixed methods systematic review was 

conducted to explore the feasibility, acceptability and clinical effectiveness of home-based models of 

PR in the post-AECOPD setting. Although home-based exercise training appeared to be feasible and 

acceptable to patients and healthcare professionals (HCPs), there were few trials and data was 

heterogenous regarding clinical effectiveness.  

A model of care integrating home-based exercise training and hospital at home care was co-designed 

by service users and HCPs. This was tested in a mixed methods feasibility study. The model of care was 

feasible and acceptable to patients, family carers and HCPs, and was not associated with adverse 

events, suggesting formal evaluation of clinical efficacy is warranted.  
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Conclusions: Both referrer and patient factors contribute to poor referral and uptake rates for post-

hospitalisation outpatient PR. Home-based PR is feasible and acceptable to patients, carers and HCPs; 

further research is needed to explore clinical efficacy and cost-effectiveness of post-hospitalisation 

home-based PR. 
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Chapter 1: Introduction 

 

1.1 CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) 

Chronic obstructive pulmonary disease (COPD) is a “common, preventable and treatable disease that 

is characterized by persistent respiratory symptoms and airflow limitation due to airway and/or 

alveolar abnormalities usually caused by significant exposure to noxious particles or gases” (1). The 

cardinal features of COPD include dyspnoea, cough, regular sputum production and wheezing (1). 

There are over 250 million cases of COPD worldwide and it is the third leading cause of death globally, 

and the burden from the disease is predicted to continue rising (2, 3).  Consequently, the direct 

financial implications of COPD upon healthcare services is significant, estimated to be £2 billion per 

year in the United Kingdom (UK) alone, with indirect and intangible costs of COPD estimated to be 

over £60 million and £46 billion respectively (4).  

 

1.1.1 Acute exacerbations of COPD (AECOPD) 

Acute exacerbations of COPD (AECOPD) are defined as a “sustained worsening of the patient’s 

condition from the stable state and beyond normal day-to-day variations that is acute in onset and 

may warrant additional treatment in a patient with underlying COPD” (5). The Global initiative for 

Chronic Obstructive Lung Disease has simplified the classification of exacerbations into three 

categories (6). Mild exacerbations require treatment with short acting bronchodilators, moderate 

exacerbations are those which require antibiotic therapy and / or steroids and severe exacerbations 

result in hospitalisation (or attendance to accident and emergency) (6).  
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The impacts of acute exacerbations, particularly severe exacerbations that require hospitalisation, are 

far-reaching. There are significant pulmonary consequences (see section 1.1.2) and severe 

exacerbations are a major contributor to the financial burden placed by COPD upon healthcare 

services (see section 1.1.3). For patients, exacerbations lead to deleterious physical, health-related 

quality of life (HRQoL) and psychological effects (see sections 1.1.4, 1.1.5 and 1.1.6), which often 

extend to their family members and informal carers (see section 1.1.7).  

 

1.1.2 Pulmonary consequences of AECOPD 

Acute exacerbations typically amplify existing symptoms of COPD as a result of acute worsening airway 

inflammation (6). This airway inflammation leads to worsening dyspnoea (breathlessness) due to 

expiratory flow limitation, increased air trapping and lung hyperinflation (7) and ventilation-perfusion 

mismatching (8). Long term damage to the airways can also occur as a result of this acute airway 

inflammation, including alveolar wall thickening and loss of surface area for gas exchange, escalating 

the progression of COPD. Respiratory viral infections are the main triggers of COPD exacerbations, 

although other possible aetiological factors include bacterial infections and environmental factors 

such as pollution and changes in ambient temperature (6). 

 

Typical treatment for AECOPD include short acting inhaled bronchodilators, systemic corticosteroids 

and antibiotics (when indicated) to reduce the adverse long-term impact of the exacerbation, and to 

minimise the risk of future re-exacerbation (6). Non-invasive ventilation should be considered as the 

first ventilatory option for treating acidotic hypercapnic ventilatory failure (6), and is required for 

approximately one in ten patients hospitalised with an AECOPD (9). The 2020 National Asthma and 

Chronic Obstructive Pulmonary Disease Audit Programme COPD clinical outcomes demonstrated the 



40 
 

median length of inpatient stay and inpatient mortality rates in the UK to be four days and 

approximately 3% respectively (9, 10).  

 

1.1.3 Impact of severe AECOPD on health services 

Severe exacerbations (those which require hospitalisation) are one of the commonest causes of 

emergency hospital admissions, contributing to over one million hospital bed day per annum in the 

UK (11-13). The more severe the exacerbation, the greater the resources required to successfully treat 

the exacerbation (14). As a result, severe acute exacerbations place significant pressures upon 

resources, staffing and bed occupancy for health services.  

 

Despite the exact cost of treating AECOPD being unknown, one estimate suggests 50% of the total 

cost of treating COPD in the UK is attributable to treating acute exacerbations (15). Treating severe 

exacerbations is estimated to cost 15 times more than treating a moderate exacerbation (16).  Whilst 

severe acute exacerbations account for only 16% of overall reported exacerbations, they contribute 

to 90% of the total costs of treating exacerbations (14).  

 

1.1.4 Impact of AECOPD on physical activity and function 

There are numerous significant and adverse extra-pulmonary consequences of acute exacerbations 

on patients. Patients have a significant reduction in their physical activity. Pitta and colleagues, using 

accelerometers to objectively measure physical activity, showed time during the day spent walking 

and standing to be limited at day two and day seven of hospitalisation for an acute exacerbation 

(median [interquartile range «IQR»]): 7% [3% to 18%] and 9% [7% to 21%] respectively) (17). Time 

spent walking remained 50% lower one month after a hospitalisation for an exacerbation compared 
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to those with stable COPD (17). Moreover, the authors showed that participants with one or more 

hospitalisation in the year preceding the study had a lower walking time one month post discharge 

compared to those with no hospitalisations in the year preceding the study (17).  

 

Unsurprisingly, the negative impact of exacerbations on physical activity extends to a decline in 

exercise capacity and muscle strength.  Cote et al. showed walking distance, as measured by the six-

minute walk test, was significantly reduced at the time of an acute exacerbation by 72 metres, and 

recovery to baseline levels was not observed at six months, one year or two years post-exacerbation 

(18). Similarly, the loss of lower limb muscle function in hospitalised patients with COPD was reported 

by Spruit and colleagues. They measured quadriceps peak torque at day three, day eight, and 90 days 

following hospitalisation for an exacerbation (19) and demonstrated a significant reduction in 

quadriceps peak torque between day three and day eight post-hospitalisation, with incomplete 

recovery observed 90 days from admission (19).  

 

These objectively measured outcomes are corroborated by patient survey data. 85% of patients 

reported a noticeable deterioration in their abilities to complete activities of daily living during an 

AECOPD, with almost 50% of patients stopping all activities (20). Furthermore, 45% of patients report 

they become bed or chair bound during an exacerbation, and 55% of working patients have to stop 

work activities (21).  

 

1.1.5 Impact of AECOPD on HRQoL 

Aside from physical consequences, severe AECOPD have negative psychosocial impacts for patients. 

Cohort studies have shown significantly worse HRQoL during an AECOPD, and recovery of HRQoL 

following hospitalisation for an acute exacerbation (22-24). Mackay et al. showed a greater decline in 
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HRQoL was reported by patients, as measured by the COPD Assessment Test (CAT), who experienced 

a more persistent heightening of exacerbation-related symptoms (22). Furthermore, the authors 

demonstrated that “frequent exacerbators” (two or more exacerbations a year) had a worse baseline 

HRQoL than those who were infrequent exacerbators (22).  

 

These findings were corroborated by studies from Miravitlles and colleagues (24). The authors 

demonstrated high CAT scores at baseline (at the beginning of an exacerbation), which improved 

significantly during the post-exacerbation recovery period (mean [standard deviation (SD)] point 

reduction of 9.9 [5.2]) within four- to six- weeks (24). These improvements occur in patients who 

experienced both severe and moderate acute exacerbations (24). Although no between group 

differences were reported, Miravitlles and colleagues indicated that those who experienced a severe 

exacerbation reported worse HRQoL at baseline than those who were treated in primary care (mean 

[SD] CAT score at baseline: 22.8 [7.0] versus 20.4 [5.1] respectively) (24).  

 

A study by Kon et al. found mean change in CAT scores to be –3·0 (95% confidence interval [CI] –4·4 

to –1·6) from day of hospital discharge to 90 days after a hospitalisation for an AECOPD (23). These 

data suggest HRQoL recovers following hospitalisation for an acute exacerbation, and that CAT is 

responsive in measuring HRQoL recovery post-hospitalisation (23). These studies therefore 

demonstrate that: 1) HRQoL worsens during an exacerbation, 2) HRQoL deteriorates during an 

exacerbation in line with the severity of exacerbation experienced, 3) patients experiencing more 

frequent exacerbations in the past year have worse HRQoL, and 4) HRQoL recovers following an acute 

exacerbation (22-24).  
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1.1.6 Impact of AECOPD on psychological function 

Another psychosocial impact of acute exacerbations is upon feelings of anxiety and depression. A 

study which recruited patients admitted to hospital with an AECOPD reported significant levels of 

anxiety and depression in over 50% and 40% of patients respectively during an acute exacerbation 

(25). These finding have been corroborated in other studies. Quint and colleagues (26) demonstrated 

symptoms of depression were significantly elevated during an acute exacerbation. The authors also 

showed patients who had three or more exacerbations in the preceding year presented with 

significantly higher depressive symptoms than those who had less than three exacerbations in that 

period (26). In relation to anxiety, Gudmundsson et al. have shown the presence of anxiety during an 

exacerbation to be associated with an increased risk of readmission within one year following 

hospitalisation for an acute exacerbation (hazard ratio [95% CI]: 1.76 [1.16 to 2.68]) (27). Therefore, 

these findings not only demonstrate a significant proportion of patients present with anxiety and 

depression during the time of an AECOPD, but also that these symptoms can persist and adversely 

impact readmission risk following an exacerbation.  

 

1.1.7 Impact of AECOPD on family members and informal carers 

Adverse impacts of acute exacerbations on family members or informal carers of those living with 

COPD are evident. A recent systematic review, which included 15 studies, reported the five key aspects 

of a family carer’s life which are negatively affected as a direct result of caring for someone living with 

COPD (28). These included physical, emotional, social, relational, and financial and employment 

impacts (28). These are similar to the issues reported in other reviews which explored informal carer-

giver burden in COPD (29).  
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Within their review, Cruz and colleagues highlighted that acute exacerbations intensify the burden felt 

by family carers (28). First, family carers were shown to suffer with fatigue and exhaustion due to 

demands of constant supervision and regular travel to hospital or appointments, which becomes more 

frequent during acute exacerbations (28). Second, family carers reported stress and anxiety (28), 

which was attributable to the constant fear and everyday worry felt by the family carer that the person 

they are supporting with COPD may suffer an acute exacerbation of their symptoms (30). Finally, 

depressive symptoms in family carers were worse for those who cared for patients with more severe 

dyspnoea (31, 32). Therefore, the negative burden of AECOPD are likely to be intensified for family 

members or informal carers who support patients experiencing more severe exacerbations. This is 

likely due to more severe exacerbations requiring more intensive treatment (and potentially extended 

inpatient hospital stays), having greater symptom burden (for example, worse dyspnoea) and 

presenting a greater unpredictability with regards to outcome (for example a greater chance of 

mortality).  

 

1.2 PULMONARY REHABILITATION (PR) 

PR is defined as a ‘comprehensive intervention based on a thorough patient assessment followed by 

patient tailored therapies that include, but are not limited to, exercise training, education, and 

behaviour change, designed to improve the physical and psychological condition of people with chronic 

respiratory disease” (33). In the UK, the traditional delivery model for PR is outpatient-based in 

hospital or community settings, typically comprising two supervised exercise-training and education 

sessions per week over six- to 12- weeks (34). Patients attending PR should also be advised to complete 

further sessions of unsupervised exercise (34) to adhere to standard healthy living advice of 30 

minutes of exercise five times per week (35).   
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The exercise training provided in PR should be individually prescribed for each patient according to 

the pre-PR assessment outcomes (34). The exercise prescribed is required to take into account type, 

duration, frequency, intensity, mode and progression (36). Each session should aim to include a 

minimum of 30 minutes of aerobic exercise, either interval or continuous training, and resistance 

training should be prescribed to either increase strength or endurance (34). The speed to initially 

prescribe aerobic training should correspond to 60-80% of peak work rate based on the exercise 

capacity test, or self-reported ‘moderate’ to ‘somewhat severe’ (3-4) perceived level of breathlessness 

on BORG CR-10 scale if no exercise capacity test is available (37). Strength resistance training should 

initially be prescribed at 60 to 70% of one repetition maximum or ‘moderate’ to ‘hard’ (13-15) intensity 

on rate of perceived exertion scale if no muscle strength assessment is available (38). Endurance 

resistance training should initially be prescribed at <50% of 1 repetition maximum or ‘light’ to 

‘moderate’ (11-13) intensity on rate of perceived exertion scale if no muscle strength assessment is 

available (38). Resistance training to increase muscle strength should be prescribed in sets of two to 

four of between eight to 12 repetitions, whereas resistance training to increase muscle endurance 

should be prescribed in one to two sets of between 15 to 25 repetitions (38).  

 

The mode of exercise delivery may vary depending on whether the PR programme is delivered in a 

gym-based or community setting. Table 1.1 includes examples of modes of exercise that could be 

prescribed based upon delivery settings. A recent study comparing PR using specialist (gym-based) or 

minimal (community-based) exercise equipment demonstrated similar improvements in exercise 

capacity and HRQoL (39). 
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Table 1.1. Examples of differences modes of exercise based upon delivery settings 

Gym-based programme Community-based programme 

Aerobic 

• Treadmill 

• Stationary cycle 

• Cross-trainer 

• Step-ups 

• Free walking (measure distance and time) 

• Step-ups  

• Stepper 

• Marching on the spot 

Resistance 

• Machine weights 

• Free weights 

• Resistance bands 

• Body weight 

• Free weights  

• Resistance bands 

• Body weight 

 

 

Education is another key component of PR. Previous work on education and self-management 

interventions in COPD, outside of the PR setting, have shown a reduction in healthcare utilisation and 

improved quality of life (40, 41).  

 

Expert consensus has recommended that the PR education component should create objectives based 

on learner needs, formulate a delivery strategy (consisting of content and method of learning) and 

assessment of learner outcomes (42). As patients and carers have different learning styles and 

attention spans, the ideal education programme should use a variety of modalities, including group 

sessions, hands-on demonstrations with visual aids and models, peer-to-peer learning, and case-based 

learning. There is little data on the essential or mandatory topics for inclusion, nor the minimum 

duration of a PR education programme. Due to the heterogeneity of study interventions and 

sometimes inadequate description of the intervention, it is not possible to relate a specific educational 

model to improved health outcomes. Globally, the recommendations for education topics have been 
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based on expert opinion, and broadly comparable. Table 1.2 outlines topics suggested by the British 

Thoracic Society guidelines development group (34).   

 

Table 1.2. Pulmonary Rehabilitation education topics recommended by the British Thoracic Society 

Education topics 

Anatomy, physiology and pathology in chronic respiratory disease 

Medication (including oxygen therapy) 

Smoking cessation 

Dyspnoea/symptom management 

Chest clearance techniques 

Energy conservation/pacing 

Patient support groups 

Nutritional advice 

Managing travel 

Benefits system and welfare rights 

Advance directives 

Anxiety management and relaxation 

Goal setting and reward 

Confidence, self-efficacy and self-management 

Identifying and changing beliefs about exercise and health related behaviours 

Loving relationships/sexuality 

Exacerbation management 

The benefits of physical exercise 

Opportunities to exercise after PR 

 

 

A substantial evidence-base exists to support the benefits of PR in patients with stable COPD. The last 

iteration of the Cochrane review, published in 2015, identified 65 randomised clinical trials involving 

3822 participants (43). This review demonstrated that PR relieves dyspnoea and fatigue, and 
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significantly improves exercise capacity, HRQoL and emotional function (43). From the strength of the 

evidence, the authors and Cochrane editor group recommended that no further studies were required 

to demonstrate the efficacy of PR compared with usual care in patients with stable COPD (43). 

 

1.2.1 PR following AECOPD 

Trials of PR in the severe AECOPD setting are a more recent phenomenon than in stable COPD for 

multiple reasons. Post-exacerbation patients are recovering from an acute illness, and there was initial 

understandable concern that exercise during this period might be harmful (44). In addition, trials in 

the post-exacerbation setting are notably harder to conduct than in those with stable COPD trials (45). 

Nonetheless, the updated Cochrane review for post-acute exacerbation PR, published by Puhan and 

colleagues in 2016, included 20 clinical trials (11 of these were newly added) and 1477 participants 

(46). All the rehabilitation interventions were primarily conducted in the inpatient or supervised 

outpatient setting, except for one small study conducted in the home (47).  

 

The review reported post-exacerbation PR to have moderate to large effects on HRQoL, as measured 

by the St George’s Respiratory Disease Questionnaire (SGRQ) total score (mean difference [95% CI]: -

7.80 [-12.12 to -3.47]) and SGRQ sub-domains of impact (mean difference [95% CI]: -10.44 [-16.11 to 

-4.76]) and activity (mean difference [95% CI]: -8.23 [-12.88 to -3.57]) (46). However, the authors 

reported there to be no effect on the SGRQ sub-domain of symptoms (mean difference [95% CI]: -2.45 

--7.33 to 2.45]) (46). In relation to the Chronic Respiratory Disease questionnaire (CRQ), another 

measure of HRQoL, statistically significant improvements were observed for the dyspnoea (mean 

difference [95% CI]: 0.97 [0.35 to1.58]), fatigue (mean difference [95% CI]: 0.81 [0.16 to 1.45]) and 

emotional function (mean difference [95% CI]: 0.94 [0.46 to 1.42]) domains (46). No effect was found 

in CRQ mastery (mean difference [95% CI]: 0.93 [-0.13 to 1.99]) (46). Along with the reported 
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improvements in HRQoL, there was a statistically significant improvement in exercise capacity, as 

measured by the six-minute walk distance (mean improvement [95% CI]: 62 metres [38 to 86]) and 

the incremental shuttle walk test (mean improvement [95% CI]: 48 metres [-1 to 97]).  

 

With respect to healthcare use, Puhan and colleagues found that readmissions rates were reduced as 

a result of post-exacerbation PR (odds ratio [OR] [95% CI]: 0.44 [0.21 to 0.91]), although the results 

were heterogenous (46). The authors suggested this heterogeneity was explained to some extent by 

the “extensiveness” of the interventions studied. Using guidelines from international societies (33, 

34), the authors graded interventions according to the total number, frequency, supervision and 

content of exercise training sessions, and whether the intervention included a self-

management/education programme. The authors reported a trend to a greater reduction in hospital 

readmissions when comparing more comprehensive with less extensive programmes. Contemporary 

data from a retrospective analysis of outcomes in Medicare beneficiaries hospitalised with AECOPD 

demonstrated that attendance at post-exacerbation PR within 90 days was associated with reduced 

risk of one-year mortality (hazard ratio [95% CI]: 0.63 [0.57 to 0.69]) (48). The authors also explored 

timing of PR initiation from hospital discharge. They found those who commenced PR within 30 days, 

between 31 and 60 days and between 61 to 90 days to all be associated with lower risk of one year 

morality compared to completing PR after 90 days or not completing PR at all (hazard ratio [95% CI]: 

0.74 [0.67-0.82]; 0.43 [0.34-0.54] and 0.4 [0.3-0.54] respectively).  This data suggests that although 

the guidance in the UK is to offer PR ‘early’ within four weeks of hospital discharge (49), commencing 

a PR programme any time within 90 days of an acute exacerbation may  be associated with a reduction 

in one year mortality risk.     

 

Consequently, PR post-hospitalisation for an AECOPD is recommended in clinical guidelines. The 

British Thoracic Society PR Guidelines makes a Grade A recommendation that all patients should be 
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offered post-exacerbation PR at discharge from hospital (34), and that post-exacerbation PR 

programmes should begin within one month, termed ‘early’, post-discharge (34). The British Thoracic 

Society PR guidelines recommend services should record uptake, adherence and completion rates of 

the programme for this patient group (34), and that routine PR (within three months of the referral 

being received) should be offered to post-exacerbation patients should they decline ‘early’ PR (34).  

 

PR post-hospitalisation for an AECOPD is also included within the National Institute for Health and 

Care Excellence (NICE) COPD Quality Standards as a key priority of post-exacerbation care pathway 

(49). The NICE Quality Standard makes recommendations that patients hospitalised as a result of an 

AECOPD should commence a PR programme within four weeks of hospital discharge, and provides 

information on measuring implementation (49). This Quality Standard mandates that: 1) service 

providers should have the relevant infrastructure to be able to offer an ‘early’ post-exacerbation PR 

programme, 2) that the healthcare professionals involved in care delivery are referring to the 

programme, and 3) that commissioners are funding these ‘early’ post-exacerbation PR programmes 

(49).  

 

1.2.2 Uptake of PR following AECOPD 

As a result of this growing evidence-base and recommendations in guidelines, widespread adoption 

of post-exacerbation PR programmes has been observed in the UK. Data from the 2017 national PR 

audit in England and Wales showed over 70% of PR services offer a PR programme for patients in the 

post-acute exacerbation period (50). Data regarding the proportion of services which offered post-

exacerbation PR was unavailable on earlier iterations of the national PR audit, indicating the degree 

of importance recently placed upon adoption of PR for the post-exacerbation population (51). 

However, uptake of PR (and subsequent completion rates) following hospitalised AECOPD are low. 
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The national audit of UK PR services shows that post-AECOPD PR programmes constituted less than 

three percent of total PR caseload in England and Wales despite it being widely offered (50). This is 

corroborated by data from a systematic audit, conducted in a region where availability of clinical PR 

services was good. Only 20% of patients were referred for PR following hospitalisation for an AECOPD, 

with less than 10% of all eligible patients completing a PR programme following hospitalisation (Figure 

1.1) (52). Comparatively, in one of the seminal randomised controlled trial (RCT) investigating 

outpatient-based PR post-hospitalisation for an AECOPD, less than 15% of patients screened declined 

to take part in the trial, a surrogate for referral to PR, with 76% of the patients allocated to received 

PR completing the programme (53). This would indicate that real-world implementation is challenging. 

 

 
Figure 1.1. Referral, uptake and adherence data to post-exacerbation pulmonary rehabilitation 
following an admission to hospital over 12 months in a north-west London hospital, UK. 
Reproduced with permission of the © Journal of Thoracic Disease 2020: doi: 10.21037/jtd.2018.03.18. 
Abbreviations: PR: pulmonary rehabilitation.  
 

 

https://dx.doi.org/10.21037%2Fjtd.2018.03.18
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The reasons for poor referral to, uptake and subsequent completion of PR programmes post-

hospitalisation are complex and multifactorial. However they can be broadly classified into three 

areas: barriers related to referrer, patient, or the wider healthcare system (Figure 1.2) (54). 

 

 
Figure 1.2. Reasons for poor referral, uptake and completion rates to post-exacerbation pulmonary 
rehabilitation. 
Reproduced with permission of the © Journal of Thoracic Disease 2020: doi: 10.21037/jtd.2018.03.18.  
Abbreviations: COPD: chronic obstructive pulmonary disease. 
 

 

Referrer factors include poor healthcare professional knowledge of the benefits of PR, the local 

availability of clinical services and/or details of referral processes and pathways (55, 56). Inadequate 

staffing, time constraints, and competing clinical priorities may also affect PR referral rates (55, 56). 

Patient-related barriers have been highlighted by several studies (25, 55-58). Thorpe, Kumar & 

Johnston explored the barriers  and enablers to physical activity following hospitalisation and found 

patients to report many barriers to activity post-hospitalisation, but also perceived some enablers 

(57). For example, comorbidities, feeling unwell, transport, advancing age and past experiences of PR 

https://dx.doi.org/10.21037%2Fjtd.2018.03.18
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being too intense were some of the barriers identified, with access to health professionals and 

exercise equipment, motivation, and improved perceptions of health after partaking in a PR course as 

enablers to physical activity (57). In a UK-based observational study, Harrison and colleagues recruited 

129 patients, and explored the acceptance and uptake of post-hospitalisation PR and identified patient 

perceptions and beliefs following hospitalisation. This study found patient acceptance of post-

hospitalisation PR to be poor across the three distinct ‘groups’ of patients identified (those ‘in control’, 

‘disengaged’ and ‘distressed’) (25). The authors propose that the current method of delivering post-

hospitalisation PR is only feasible for a small proportion of patients (25). From the qualitative studies, 

patients were reluctant to increase their activity early post-AECOPD due to anxiety or fear of 

breathlessness. They also had concerns regarding transport and accessibility or had conflicting 

commitments or co-morbidities which resulted in PR not being considered a high priority (55-57). As 

a result, uptake of post-exacerbation PR programmes in patients with high symptom burden, reduced 

functional capacity and significant co-morbidities may be  challenging (55, 56) even with provision of 

free door-to-door transport to support attendance (58). In comparison, there are also patients who 

perceived themselves to be at the other end of the spectrum who feel they are independently 

completing sufficient exercise and therefore decline PR (25, 55-57).  

 

A previous systematic review (55) and a qualitative study (56) suggested healthcare systems may not 

have not have the necessary flexibility to adapt the method of delivery of PR programmes for patients 

post-acute exacerbation (such as the location or setting), the channels for referral being ineffectively 

established and may have insufficient staffing to meet PR service demands to deliver a programme in 

a timely fashion (55, 56). This is corroborated in the prospective observational study by Harrison and 

colleagues, who reported adapting the delivery method of post-hospitalisation PR (and deviating away 

from the tradition outpatient-based model in the UK) may be required to better facilitate acceptability 

and feasibility of post-hospitalisation PR (25). 
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1.2.3 Improving uptake of PR following AECOPD 

As highlighted in section 1.2.2, real-world implementation of PR following an AECOPD is challenging. 

Despite this being a well-reported problem (25, 50, 52), and calls for research to find strategies which 

address this issue, there are limited clinical trial data on interventions designed to increase uptake of 

PR following AECOPD to date. Recently, two systematic reviews have synthesised studies that have 

included interventions designed  to enhance referral, uptake and completion of PR for patients with 

both stable COPD and post-AECOPD (59, 60). Neither review could identify any published RCTs which 

had referral, uptake or completion of PR post-AECOPD as the primary endpoint (59). Even for patients 

with stable COPD, only one quasi-experimental controlled study was identified in one review, and this 

was considered to have a high risk of bias (59, 60). This trial examined the use of a tablet computer as 

an adjunct to PR as opposed to it being an intervention implemented with the direct intention of 

improving uptake or completion, and found there to be no significant difference in drop-out rates 

between the intervention and control groups (p=0.19) (61).  

 

From the data reported in the systematic review by Early et al. (60), the majority of the studies took 

place in primary care, and were mainly observational or before and after studies. The interventions 

were also predominantly aimed at improving referrals for those with stable disease (for example, 

education for healthcare professionals (62-66), aide memoires to prompt PR referral (62, 67), financial 

incentives (68) and service activity monitoring (69)). The two patient-focused interventions included 

a patient manual delivered in outpatient clinics (70) and individual care planning in a general practice 

(71). Six studies reported statistically significant findings (60). Increased referral resulted from 

education for healthcare professionals in general practice (64, 66), monitoring of key performance 

indicators of services (69) and care quality standards initiated by patients (72); increased uptake was 

found when patients were provided with evidence behind care being offered (70) and with 
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individualised care planning between nurses and general practitioners (71). Despite all the studies 

being considered to have high risk of bias or conflicts of interest, and heterogeneity between studies 

limiting meta-analysis, the findings suggest interventions aimed at healthcare professionals may 

increase referral to PR, and that increasing patient education may improve uptake rates (60).  

 

A feasibility study by Milner and colleagues, published since the two systematic reviews, has 

attempted to improve uptake of outpatient-based PR post-AECOPD by delivering a PR taster session 

for patients hospitalised with acute exacerbations of COPD (73). However, this intervention was only 

considered acceptable to six out of 31 patients (19%) studied. Another contemporary study by 

Williams and colleagues explored patient experiences of attending outpatient-based PR in order to 

develop strategies for improvement within their own service (74). One of the service improvement 

strategies the authors implemented included a buddy system to provide patients with reassurance 

when initially attending PR (74). To date, no evaluation data is available to determine the effectiveness 

of this buddy system.  

 

Another strategy derived from the service improvement literature included in Early and colleague’s 

systematic review (60) sought to extend ‘reach’ using COPD discharge bundles. These bundles are a 

structured aide memoire of evidence-based practices prior to hospital discharge. In the UK, COPD 

discharge bundles often include assessment and referral for PR (75). Since 2017, provision of the COPD 

discharge bundle has been incentivised with National Health Service (NHS) England introducing a 

COPD Best Practice Tariff (financial incentives awarded if a percentage of patients admitted for an 

AECOPD receive specialist input within 24 hours of admission and receive a COPD discharge bundle 

prior to discharge). However, COPD discharge bundles are challenging to deliver, with as few as 8% of 

patients who receive the bundle receiving all five components (76). Issues relating to staff, 

infrastructure and implementation processes have been cited as barriers to bundle delivery (77). 
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COPD discharge bundles are potentially delivered by staff who have inadequate education 

surrounding its core components (which includes offering a referral to PR) or have insufficient 

understanding of the wider healthcare system processes to allow proficient completion of the bundle 

components (77). Therefore, it is not clear whether COPD discharge bundles do indeed increase the 

‘reach’ of post-hospitalisation PR in practice. COPD discharge bundles are potentially limited further 

as they are focussed solely upon improving referral rates at hospital discharge, and it is unknown 

whether there is any downstream impact (for example upon patient uptake of a PR programme).  

 

As intimated previously, transport and travel are commonly cited barriers to uptake and completion 

of PR, particularly in the outpatient setting (55, 56). Therefore although proposals such as COPD 

discharge bundles (67), better education for patients and referrers alike (55, 56, 60), taster sessions 

(78) and buddy systems (74) for the traditional outpatient-based model have been proposed, altering 

the setting of delivery may prove advantageous, particularly as previous trials of outpatient PR that 

have included free door-to-door transport have not observed increased completion rates (58). 

Delivering rehabilitation in the home-setting is therefore potentially attractive to address the travel 

and transport issue of ‘engagement’ with PR post-acute exacerbation.  

 

Interest in PR in the home-setting post AECOPD has grown following the potential of home-based 

trials in patients with stable COPD which have shown clinically significant benefits similar to supervised 

outpatient-based PR (79-81). Holland and colleagues, who investigated a telephone supervised eight 

week PR programme, showed equivalence of the trial intervention compared with a usual face-to-face 

PR programme in their primary outcome (six-minute walk distance: mean difference [95% CI] 

favouring home group: 18.6 m [−3.3 m to 40.7 m]) and other secondary outcomes of HRQoL (CRQ-

dyspnoea [CRQ-D] domain: mean difference [95% CI] favouring home group: 1.6 points [−0.3 to 3.5]) 

(79-81). Horton et al., who trialled an online resource supported by two telephone calls a week for 



57 
 

seven weeks, also concluded that a non-statistically significant difference was seen when compared 

to traditional outpatient-based PR in their primary outcome (CRD-D: mean group difference [95% CI], 

favouring traditional outpatient-based PR: −0.24 [−0.61 to 0.12]) (80). Bourne and colleagues showed 

a six week online PR intervention completed between two and five times a week to be non-inferior to 

a traditional outpatient-based six week PR programme for the co-primary outcomes (six-minute walk 

distance: mean distance [95% CI] favouring traditional outpatient-based PR: 23.8 m [−4.5 m to 52.2 

m]; CAT: mean distance [95% CI] favouring online PR: -1.0 [-0.29 to 0.86]) (79-81). Despite these trials 

in patients with stable COPD, there remains a paucity of published data on (face-to-face, telephone or 

online) supervised home-based PR in the post-acute exacerbation setting.  

 

1.3 HOSPITAL AT HOME (HaH)  

Given that AECOPD are a major reason for acute medical admissions and a significant contributor to 

winter bed pressures, there is a clear rationale for interventions and novel models of care that can 

reduce inpatient burden. One established model of care is hospital at home (HaH) services.  

 

HaH services are defined as “a subtype of Intermediate Care, encompassing both the active treatment 

at home by health care professionals of patients (always for a limited period) who may otherwise be 

admitted to hospital, and early supported discharge schemes following a Hospital Provider Spell” (82). 

In the UK, the typical delivery model for HaH services for AECOPD-management are nursing-

supervised medical treatments, with the British Thoracic Society recommending a treatment package 

including provision of antibiotics, steroids, nebulised bronchodilators and oxygen, delivered in the 

patients’ home, supported by regular home visits to monitor treatment response (83).  

 

https://www.datadictionary.nhs.uk/data_dictionary/classes/c/care_professional_de.asp?shownav=1
https://www.datadictionary.nhs.uk/data_dictionary/classes/p/patient_de.asp?shownav=1
https://www.datadictionary.nhs.uk/data_dictionary/nhs_business_definitions/h/hospital_provider_spell_de.asp?shownav=1
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HaH can include providing admission avoidance (referrals from e.g. general practitioners or Accident 

and Emergency prior to prevent a hospital admission) or early supported discharged services (referrals 

from e.g. inpatient wards) (83).  

 

Decisions to provide HaH care require consideration of several factors. Foremost is the medical status 

of the patient. The British Thoracic Society recommends specific exclusion criteria for HaH care (83): 

impaired level of consciousness; acute confusion; pH <7.35, if arterial blood gases have been 

measured; acute changes on chest radiograph; concomitant medical problem requiring inpatient stay; 

insufficient social support, no telephone, residence geographically removed from hospital; and new 

hypoxaemia (peripheral capillary oxygen saturation less than 90%) – a contraindication if oxygen 

cannot be provided at home. Contemporary studies also recommend using risk-stratification scores. 

One example is the DECAF score (extended Medical Research Council Dyspnoea score, Eosinopaenia, 

Consolidation, Acidaemia and atrial Fibrillation), initially developed and validated by Steer and 

colleagues (84). This is calculated by totalling the score for each of five items (see Table 1.3). The lower 

the overall score (minimum is 0), the lower the risk of 30 day mortality, with the highest achievable 

overall score being 6 (Table 1.3) (85).  
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Table 1.3. DECAF score  

DECAF score 

 

Variable 

 

Criteria  Score 

Dyspnoea 

 

 

 

 

Too breathless to leave the 

house:  

a) & independent washing 

and / or dressing; or 

b) & dependent washing 

and / or dressing.  

 

 

1 

 

2 

 

Eosinopaenia  <0.05 x 109/l 1 

Consolidation Present (on radiograph) 1 

Acidaemia  pH <7.3 1 

Atrial Fibrillation Present  1 

 

 

1.3.1 HaH following AECOPD 

Multiple systematic reviews and meta-analyses of HaH services post-AECOPD have been conducted in 

recent years, which all investigated similar outcomes of interest and retrieved similar papers (86-89). 

Echevarria and colleagues aimed to determine the safety and efficacy of HaH services compared to 

usual inpatient care (86). The outcomes of interest were six-month mortality and all-cause 

readmission. There was significant heterogeneity in the HaH service criteria and degree of support 

provided (a combination of five- and seven- day services providing telephone and / or face-to-face 

support) within the eight studies included in the review. All eight studies were considered low risk bias 

for mortality and readmission outcomes. HaH care did not increase the risk of six month mortality (risk 

ratio [95% CI]: 0.66 [0.40 to 1.09], p=0.10) nor all-cause readmissions (risk ratio [95% confident 

interval]: 0.84 [0.69 to 1.01], p=0.07) (86). A second review by McCurdy assessed similar safety 

outcomes (87) and corroborated the conclusions drawn by Echevarria et al. However, this review only 
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considered studies with shorter-term mortality and readmission data (between two and six months) 

following  an acute exacerbation (risk ratio [95% CI]: 0.68 [0.41 to 1.12], p=0.13 and 0.90 [0.70 to 1.16], 

p=0.41 for mortality and readmission respectively) (87).  

 

Unsurprisingly, given the similarities in the outcomes of interest and papers retrieved, the results 

regarding readmission and mortality from the two systematic reviews conducted by Echevarria et al. 

and McCurdy are further corroborated by the findings from two Cochrane reviews of HaH services for 

acute exacerbations of COPD (88, 89). The first Cochrane review, published in 2003, showed there to 

be a trend towards reduced risk for mortality and readmissions (risk ratios [95% CI]: 0.61 (0.36 to 1.05) 

and 0.89 (0.72 to 1.12) respectively) associated with HaH care compared to usual inpatient care (88). 

The latest iteration of the Cochrane review by Jeppesen et al. included two new studies and excluded 

one study which had been included in the initial analysis by Ram and colleagues (89). Of the eight 

studies included in the updated review, seven were considered to have low risk of bias. However, the 

trials were found to deliver HaH service models that were notably heterogenous. Despite this, similar 

conclusions were drawn with regards to mortality in the 2012 Cochrane review, with the newly 

included studies resulting in additional, moderate quality evidence to suggest that HaH could 

potentially reduce hospital readmissions compared to usual inpatient care (risk ratio [95% CI]: 0.76 

[0.59 to 0.99], p=0.04) (89). Overall, these four systematic reviews have shown that HaH for an 

AECOPD, as an alternative to inpatient care, reduces hospital bed days through the provision of 

treatment in patients’ homes, with no increase in mortality or emergency readmissions (86-89). 

However, the optimal model for delivering this type of care has not been firmly established. 

 

From the perspective of the service users (patients and informal unpaid caregivers), HaH services have 

generally been shown to be acceptable. In one trial, patients found HaH care to be preferable to usual 

inpatient care, with over 95% of patients who received HaH care reporting HaH to be their preferred 
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model of care (90) whilst less than 60% of the patients who received inpatient care reported 

preference for inpatient care (p=0.001) (90). Another study by Utens et al. reported similar overall 

satisfaction for home-based and usual inpatient care to caregivers (mean [SD] of satisfaction score on 

scale from 0 to 100:  70 [12.7] and 71 [12.5] for home-based and inpatient respectively, p=0.863) (91).  

 

Utens and colleagues measured the informal, unpaid caregiver strain index at discharge, seven days 

and 90 days post-index exacerbation in patients receiving either usual inpatient care or HaH care for 

an acute exacerbation (92). No between group differences were found in the caregiver strain index 

for inpatient versus home-based care when change between baseline and seven days and baseline 

and 90 days were compared (mean difference [95% CI]: seven days: 0.47, [-0.96 to 1.91]; 90 days: 0.36 

[-1.85 to 1.35]) (92). Data reported by Ojoo and colleagues suggested HaH services may even be 

preferable to inpatient care for caregivers (90). The authors found that over 85% of caregivers of family 

members with COPD who received HaH care reported preference for this model of care (90), 

compared with less than 45% of the caregivers of patients receiving inpatient care reporting 

preference for the inpatient care (p=0.001) (90). These preferences might reflect the need for less 

travelling for hospital visits, thus reducing carer burden and fatigue (28). 

 

1.3.2 Implementation of HaH following AECOPD 

As a result of the emerging evidence-base for its safety as well as stakeholder acceptability, there has 

been growing national adoption of HaH services. In the 2018 national audit of COPD secondary care, 

nearly 55% of patients were candidates for HaH services at hospital discharge (93), compared to 40% 

and 18% of patients in 2014 and 2008 respectively (94). Although there has been growth in its 

availability, and patients have reported preferences to receiving home-based care (90, 91), patients 

allocated to receive home-based care also reported feeling less able to recommence their activities of 
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daily living at the end of their treatment compared with those who receive inpatient care (54.7% 

versus 30.5% [p=0.018] for home-based care and inpatient care respectively) (91). This could be due 

to the focus of HaH services for AECOPD-management being medical treatments supported by regular 

home visits to monitor treatment response (83) without the inclusion of rehabilitation. In comparison, 

patients who are hospitalised with an AECOPD may be referred for occupational therapy or 

physiotherapy input regarding functional status, with mobility or exercise programmes provided as an 

inpatient. A recent systematic review by Torres-Sanchez and colleagues has shown inpatient 

physiotherapy interventions (including chest physiotherapy and physical exercise programmes) to be 

effective, potentially improving the functional status of patients (95).  

 

1.4 INTEGRATING PR WITH HAH FOLLOWING AECOPD 

As indicated in section 1.3.2, HaH services are increasingly used to deliver medical treatments in 

patients’ home. This has helped safely reduce the burden of AECOPD on hospital beds, and indirectly 

reduce the burden on family carers. However, it has been noted that these HaH services are primarily 

nurse-led (83), and are not focused on meeting the rehabilitation needs of patients’ post-acute 

exacerbation, including the provision of routine physiotherapy which they may otherwise receive as 

an inpatient (95).  

 

As described in section 1.2.2, whilst outpatient post-exacerbation PR is associated with improvements 

in physical function and HRQoL, the benefits are hampered by low referral, uptake and completion 

rates. A potential solution is the consideration of home-based PR. 

 

Therefore, combining two evidence-based interventions and integrating a PR programme within a HaH 

service may result in synergistic benefits (Figure 1.3). It provides a unique opportunity to expand the 
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scope of HaH by bringing the clinical benefits of PR on the extra-pulmonary manifestations of AECOPD. 

This may also address the issue of poor referral, uptake and completion rates of traditional outpatient-

based PR programmes through provision in a more accessible setting (a patients’ home).  

 

 
Figure 1.3. Proposed benefits of integrating a pulmonary rehabilitation programme within a hospital 
at home service following hospitalisation for an acute exacerbation of COPD. 
Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; HaH: hospital 

at home; HRQoL: health-related quality of life; PR: pulmonary rehabilitation. 

 

 

Two studies suggest this may be a feasible proposal. First, a small pilot study explored a home-based 

PR intervention, trialled alongside a HaH service. Murphy et al. provided twice-weekly supervised 

exercise training for six weeks alongside HaH (home-based, pharmacological management of AECOPD 

under nurse-supervision) (47). The sessions were up to 40 minutes in length, incorporating aerobic 

exercise (e.g. step ups) at between 3 and 5 on the Borg breathlessness scale and resistance training 

using elastic resistance bands. The authors demonstrated improvements in exercise capacity (mean 

[SD] at baseline to six weeks, p value: incremental shuttle walk test: 198 m [95] to 304 m [136], 

p<0.001; three minute step test: 119 [41] to 163 [26], p<0.001) and HRQoL (mean [SD] at baseline to 

six weeks, p value: SGRQ total score: 70.2 [14.2] to 54.2 [15], p<0.05) in the intervention group only 
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(47). However, this study was underpowered (n=13 per arm), with unreported between-group 

differences. A second study investigated a geriatric home-based service (which incorporated physical 

and occupational therapy as well as nursing care) compared with inpatient care (96). Aimonino 

Ricauda and colleagues showed that this home-based service to be associated with lower hospital 

readmission rates at six months compared with inpatient care (42% versus 87% respectively, p<0.001) 

(96). Moreover, the authors reported significant differences in HRQoL (p=0.04) and depression 

(p<0.001) between the home-based care group and inpatient care group at six months, despite there 

being no between group difference in these outcomes at baseline between the groups (96). Neither 

study included any education components, which is a key component within traditional PR.  

 

National and international groups are also calling for closer integration of respiratory services. The 

NHS Long Term Plan (and the British Thoracic Society (97) in response to the NHS Long Term Plan) 

require integrated care systems to be implemented by respiratory services in the UK (98). The recent 

update by European Respiratory Society and American Thoracic Society regarding the management of 

COPD exacerbations has also stated studies are needed to better define key elements of home-based 

models of care, including the roles of multidisciplinary team members (99). This provides further 

rationale that integration of PR within a HaH service has potential as a viable model of care in the 

future.   

 

Therefore, studies with patients hospitalised with an AECOPD are required to explore the feasibility 

and acceptability (along with efficacy and cost-effectiveness) of delivering home-based PR in the post-

AECOPD setting. This will allow for not only implementation of a potentially more accessible PR service 

but will also ensure integrated services are optimised prior to widespread implementation. 
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1.5 OVERALL AIM AND PHASE SPECIFIC OBJECTIVES  

Early PR is considered a cornerstone in management of acute exacerbations of COPD. However clinical 

implementation of post-hospitalisation PR is problematic and there are currently no known 

interventions which increase referral, uptake or completion of PR in the post-exacerbation population.  

 

Consequently, the primary aim of this programme of work is to examine different ways of improving 

referral, uptake and completion of PR following hospitalised AECOPD. There will be four main phases 

within this programme of work, each with specific objectives, to address the primary aim.  

The specific objectives are: 

1. To identify patient, referrer and hospital admission characteristics associated with non-

referral and non-uptake of PR post-hospitalisation for AECOPD; 

2. To determine whether a patient co-designed education video delivered alongside the COPD 

discharge bundle increases referral rate, uptake and completion of PR post-hospitalisation for 

AECOPD;  

3. To develop a home-based exercise training intervention as an adjunct to a standard HaH 

service; and 

4. To determine the acceptability of a home-based exercise training intervention for healthcare 

staff, patients and carers, and the feasibility of conducting a future efficacy trial. 

 

1.6 HYPOTHESES 

The hypotheses which relate to these objectives are outlined below: 
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A. Delivery of a COPD discharge bundle by a hospital practitioner involved in PR delivery is 

associated with increased odds of PR referral and uptake, independent of factors 

associated with the hospital admission and clinical characteristics of patients; 

B. Using a patient co-designed education video alongside a COPD discharge bundle will 

enhance referral rate, uptake and completion of PR post-hospitalisation for AECOPD; and 

C. A co-designed home-based exercise training intervention, delivered alongside a HaH 

service for AECOPD, is both acceptable and feasible to service users and providers.   

 

Table 1.4 shows the results chapters which report the findings for each objective and the related 

hypothesis. 
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Table 1.4. Results chapters which address each specific objective and their related hypothesis 

Primary thesis aim: 
To examine different ways of improving referral, uptake and completion of PR following 

hospitalised AECOPD 

Phase specific objective and 
related hypothesis 

Corresponding results 
chapter/s 

Design 

Objective 1: 
To identify patient, referrer and 

hospital admission 
characteristics associated with 
non-referral and non-uptake of 

PR post-hospitalisation for 
AECOPD. 

Related hypothesis: A 

Chapter 2 

A prospective cohort study 
which included all hospitalised 
AECOPD to Hillingdon Hospital 

over one year. 

Objective 2: 
To determine whether a 

patient co-designed education 
video delivered alongside the 

COPD discharge bundle 
increases referral rate, uptake 

and completion of PR post-
hospitalisation for AECOPD. 

Related hypothesis: B 

Chapter 3 

A mixed methods trial which 
included a parallel, two-group 

RCT with embedded qualitative 
interviews. 

Objective 3: 
To develop a home-based 

exercise training intervention 
as an adjunct to a standard HaH 

service.  
Related hypothesis: C 

Chapter 4  

A mixed methods systematic 
review which included 
synthesis of RCTs, non-
randomised or quasi-

experimental controlled trials, 
observational papers, case 

studies and qualitative studies. 

Chapter 5 

An accelerated EBCD project 
which included three 

stakeholder events followed by 
two co-design meetings. 

Objective 4: 
To determine the acceptability 

of a home-based exercise 
training intervention for 

healthcare staff, patients and 
carers, and the feasibility of 
conducting a future efficacy 

trial.  
Related hypothesis: C 

Chapter 6  

A mixed methods feasibility 
trial which included a parallel, 

two-group RCT with embedded 
qualitative interviews and focus 

groups. 
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1.7 PROGRAMME OF WORK 

This programme of work was a multi-phase mixed methods programme. It included a combination 

and integration of both quantitative and qualitative data collection methods (termed mixed methods), 

both within and between phases (100). These multiple phases intended on addressing the same 

overall aim, as well as each phase intending on its own specific objectives (termed multi-phase) (100). 

This was with the intention of supporting the development (identification of evidence-based and 

theory), understanding feasibility and piloting (testing procedures, estimating recruitment and 

retention and determining sample size) prior to evaluation and wider implementation, undertaken in 

accordance with the Medical Research Council Framework for developing and evaluating complex 

interventions (101). Methodologically, using mixed methods is a relatively recent concept compared 

to single method designs (100). Purists believe combining data derived from two fundamentally 

different modes of investigation (quantitative and qualitative) to be impracticable as the underpinning 

paradigms and types of data generated are inherently incompatible (102). Nonetheless, others believe 

undertaking mixed methods research results in a broader, more in-depth, and more comprehensive 

interrogation of each type of data (103). Given my own ontological and epistemological assumptions 

are that of a pragmatist, a mixed methods programme of work is both plausible and preferable to a 

single method of enquiry to allow for richer understandings to be derived and to adequately address 

the research questions (104). 

 

A schematic of this multi-phased mixed methods programme of work is presented in Figure 1.4. The 

types of data enquiry used in each phase are included in Figure 1.4. For example, phase one utilises 

quantitative (abbreviated to ‘quan’) data only, as indicated by the ‘quan’ stated under ‘phase one’; 
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phase two utilises both quantitative and qualitative (abbreviated to ‘qual’) data collection methods, 

as indicated by the ‘quan’ and ‘qual’ stated under ‘phase two’ (102).  

 

In the instance where both quantitative and qualitative data collection methods are used and there is 

a dominant data collection method, the dominant method for that phase is indicated by presenting it 

in uppercase, with the ancillary method indicated by presenting it in lowercase (102). For example, in 

phase two, ‘quan’ is presented in uppercase (QUAN) and ‘qual’ in lowercase to present this 

dominant/ancillary relationship; in phase three, ‘quan’ and ‘qual’ are both presented in uppercase as 

neither method of enquiry was more dominant.  

 

For each phase which includes both qualitative and qualitative data collection methods, the sequence 

the methods of enquiry are undertaken in is also indicated. Where an arrow (-->) connects the 

methods of enquiry, the second method of enquiry stated was being undertaken and/or analysed after 

the first to build upon it; where a plus sign (+) connects the two methods of enquiry, the two methods 

of enquiry are being collected and/or analysed at the same time (102).  
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Figure 1.4. Schema of the programme of work presented within this thesis. 
Abbreviations: 10: primary; COPD: Chronic obstructive pulmonary disease; PR: pulmonary 
rehabilitation; Qual: qualitative; Quan: quantitative; RCT: randomised controlled trial. 
 

 

1.7.1 Between phase mixed methods designs 

A cohort study was the first of four phases within this multi-phase mixed methods programme of 

work.  ‘A randomised controlled trial of a Video Intervention to facilitate RehabiliTation Uptake 

following hospitalised Exacerbations of COPD’, or VIRTUE, was the second phase. Phase one (the 

cohort study) and phase two (VIRTUE) were explanatory sequential in nature (100) in that the 

quantitative results from phase one (the cohort study) aided the understanding and interpretation of 

the mixed methods findings of phase two (VIRTUE); both were focused on traditional outpatient-

based PR (100). 
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The focus from phase three onwards switched to exploring a home-based model as an alternate 

delivery strategy to traditional outpatient-based PR following hospitalisation for an AECOPD. In 

comparison to phases one and two, phases three and four were exploratory sequential in nature as 

the feasibility study undertaken within phase four was founded upon the exploratory, primarily 

qualitative work synthesised and generated within phase three (100). 

 

1.7.2 Within phase mixed methods designs 

For phases two and four, which includes both RCT and qualitative data collection components, the 

mixed methods design implemented was a convergent design, given the two components of the 

studies were undertaken and separately analysed prior to the merging of the findings (100). Sections 

3.4.10.3 and 6.4.10.3 illustrate the data analysis processes for integration of the data sets in phase 

two and four respectively.  

 

The same convergent mixed methods design was implemented in stage one of phase three as the 

extraction of the quantitative and qualitative data from the papers retrieved in the systematic review 

was undertaken separately prior to merging the data sets (100). Section 4.3.9 illustrates the data 

extraction and analysis processes for collecting and then integrating the data sets in stage one of phase 

three.  

 

 

1.7.3 Professional background and lens of researcher 

My professional background is as a highly specialised respiratory physiotherapist, with previous 

clinical experience working across both acute and community services. I have worked patients 
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hospitalised with AECOPD, from their arrival into accident and emergency and through their inpatient 

journey, including leading the physiotherapy team to support critical care outreach teams to set-up, 

delivery and monitoring of patients requiring non-invasive ventilation and high flow nasal cannula 

oxygen therapy. These roles also required evidence-based discharge planning and community follow-

up to be offered and co-ordinated, and delivery of community COPD clinics.  

 

More recently I have worked alongside a PR service and an integrated respiratory service, which 

includes the delivery of an outpatient-based PR programme, outpatient-based community clinics for 

patients with asthma and COPD and HaH (early supported discharge and admission avoidance) care.  

 

Therefore, the lens through which I am approaching this programme of work is one that is wider than 

purely focusing on the role of PR for patients living with COPD. I have a more holistic approach and 

bring my understanding of the wider pathway for managing AECOPD to determine how the evidence-

based, vital components of this pathway can be better optimised and integrated.  

 

1.7.4 Public and patient involvement 

Public and patient involvement (PPI) was central to this programme of work: from inception of this 

programme of work’s overall research question, and within each phase of this programme of work. 

PPI were involved in, and in many cases led, decision-making. For example, PPI representatives helped 

determine appropriate study designs, supported the selection of outcomes, reviewed study 

paperwork, were members of trial steering groups, provided ad hoc advice as required during the 

programme of work as well as advised on dissemination of the findings (such as with Harefield 

Breathing Support Group). They were also central to the decision-making process around whether to 

restart the mixed methods feasibility study (Chapter 6) whereby it was deemed inappropriate to 
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undermine the intervention development phases of this programme of work to adapt the intervention 

to comply with temporary COVID-19 restrictions. Further, patients’ views were fundamental element 

of feedback and reflection utilised within this programme of work, partly as a result of stakeholder 

involvement being a key feature of experience-based co-design projects. 
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Chapter 2: Risk factors for non-referral and non-uptake of PR 

following hospital admission for AECOPD – a cohort study 

 

Some of the results from this chapter were published in Thorax on 3rd March 2021 (105). These results 

are reprinted with permission of Thorax, © Author(s) (or their employer(s)) 2021. Re-use permitted 

under CC BY-NC. No commercial re-use. Published by British Thoracic Society. Barker RE, Kon SS, Clarke 

SF, et al. COPD discharge bundle and pulmonary rehabilitation referral and uptake following 

hospitalisation for acute exacerbation of COPD. Thorax Published Online First: 02 March 2021. doi: 

10.1136/thoraxjnl-2020-215464. 

 

Some of the results from this chapter have previously been reported in a conference abstract, which 

was presented at the American Thoracic Society International Conference 2020 (106). These results 

are reprinted with permission of the American Thoracic Society and with permission of the authors, 

copyright © 2020 American Thoracic Society. All rights reserved.  

 

2.1 BACKGROUND 

There is an established evidence-base supporting the benefits of pulmonary rehabilitation (PR) 

following hospitalisation for acute exacerbations of chronic obstructive pulmonary disease (AECOPD), 

including improved exercise capacity and health-related quality of life (HRQoL), and reduced 

readmissions and mortality (46, 48), as illustrated in Chapter 1, section 1.2.1. However, PR referral and 

uptake rates are low. Previous data have shown that very few eligible patients are referred for post-
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hospitalisation PR, with less than 10% completing a programme (see Figure 1.1 in Chapter 1, section 

1.2.2) (107). Barriers to referral and uptake are complex and multi-factorial (108). 

 

The COPD discharge bundle is a structured list of evidence-based practices (which includes review of 

medications and inhaler technique training, provision of a self-management plan, assessments and 

offering referral for smoking cessation, offering referral to PR and arrangement of post-hospitalisation 

follow-up) which should be delivered to all patients prior to hospital discharge following admission for 

an AECOPD to attempt to standardise post-discharge care in the UK (Figure 2.1) (67, 75). Since 2017, 

provision of the COPD discharge bundle has been incentivised with NHS England introducing a COPD 

Best Practice Tariff (financial incentives awarded if a percentage of patients admitted for an AECOPD 

receive specialist input within 24 hours of admission and receive a COPD discharge bundle prior to 

discharge). PR referral was included within the bundle to facilitate increased referrals to post-

hospitalisation PR following AECOPD (67, 75) through increasing the ‘reach’ of post-hospitalisation PR 

to a greater number of patients (78). Despite this, the COPD discharge bundle can be hard to 

implement (76) and its impact remains unclear (109).  

 



76 
 

 
Figure 2.1. Example of standardised paperwork which requires completion for the COPD discharge 
bundle. 
 

 

2.2 OBJECTIVE 

The objective of this study was to identify patient, referrer and hospital admission characteristics 

associated with non-referral and non-uptake of PR post-hospitalisation for AECOPD. 

 

2.3 HYPOTHESIS 

It was hypothesised that delivery of a COPD discharge bundle by a hospital practitioner involved in PR 

delivery (termed current PR practitioner) is associated with increased odds of PR referral and uptake, 

independent of factors associated with the hospital admission and clinical characteristics of patients. 

 



77 
 

2.4 METHODS 

2.4.1 Study design 

This was a prospective cohort study which included consecutive hospital episodes for an AECOPD at 

Hillingdon Hospital, London, UK and was considered service evaluation by the Health Research 

Authority (Figure 2.2 includes a schematic of the study design). Hillingdon Hospital was selected for 

specific reasons: 1) the hospital maintains a real-time continuous database of patients admitted with 

COPD as part of the National COPD secondary care audit and the introduction of the NHS England 

COPD Best Practice tariff; 2) the hospital has an integrated respiratory team with responsibility for 

delivering all COPD discharge bundles, and providing specialist respiratory input within 24 hours of 

admission; and 3) the hospital, and patients in Hillingdon borough, are served by a single PR provider, 

which facilitates systematic collection of PR outcome data. This is important as the accuracy of 

outcomes derived from electronic healthcare records can vary (110, 111). Consequently, determining 

and implementing a systematic and robust process for obtaining the data for this cohort study was 

important. Patients were followed-up for four weeks after hospital discharge. 

 

All COPD discharge bundles (Figure 2.1 in section 2.1) were delivered by a hospital-based 

multidisciplinary respiratory team with responsibility for early supported discharge, admission 

avoidance and community respiratory clinics. Two out of six team members were current PR 

practitioners, defined as someone also employed to deliver PR (assessments and/or supervision of 

classes) for a minimum 20% of their job plan. As the researcher I had no involvement in exposure 

allocation (no randomisation, no influence on care team assignment). The clinical team delivering the 

bundle were blinded to the study objectives.  
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2.4.2 Population 

All consecutive hospital episodes for patients hospitalised with AECOPD between 1st April 2018 and 

31st March 2019 were included. However, patients admitted previously during the study period (and 

therefore already included in the data collection) and patients who were ineligible for PR were 

excluded (e.g. those with unstable cardiac conditions, unable to walk five metres). 

 

2.4.3 Study exposure 

The exposure of interest was receipt of a COPD discharge bundle from a current PR practitioner.  

 

2.4.4 Study reference 

The references of interest were: 1) receipt of a COPD discharge bundle from a hospital practitioner 

not involved in PR delivery, or 2) did not receive a COPD discharge bundle. 
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Figure 2.2. Schema of cohort study design. 
Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; COPD: chronic 
obstructive pulmonary disease; PR: pulmonary rehabilitation.  
 

 

2.4.5 Study covariates  

Covariates were selected a priori as patient or hospital admission variables which could be potential 

predictors of non-referral and non-uptake of post-hospitalisation PR. The patient variables included a  

selection of those previously shown to affect referral, uptake, completion or adherence to PR from 

previous studies in patients with stable COPD (age (112-114), sex (114), forced expiratory volume in 

one second [FEV1] percent predicted (112, 114), smoking history (114, 115), and index of multiple 

deprivation (115, 116)). Variables which were deemed to be clinically relevant related to the hospital 

admission were also included (DECAF score (85), length of inpatient stay, review of respiratory 

specialist within 24 hours of admission, and acute non-invasive or invasive ventilation requirement 

during hospital admission). More detailed rationale for the selection of each these covariates is 

included below.  
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2.4.5.1 Age 

Age in years on day of admission was recorded for each hospital episode as multiple studies have 

shown age to be a predictor of PR adherence and completion. A previous study has shown that age 

predicts adherence to a PR programme (OR [95% CI]: 64-70 years, 1.99 [1.2 to 3.3]; 71-67 years, 2.57 

[1.48 to 4.45] and 77-89 years 1.17 [0.71 to 1.93], with reference as 33-63 years, p=0.0013) (114). In 

addition, Selzler and colleagues found that those who dropped out from PR were younger than 

completers (mean [SD]: 63 [13] years versus 69 [10] years respectively, p<0.001). This was 

corroborated by Boutou et al. who demonstrated those who completed PR to be older than non-

completers (mean [SD]: 69 [10] years versus 67 [11] years respectively, p=0.013) (112). 

 

2.4.5.2 Sex 

Sex (male or female) was recorded for each hospital episode as a previous study has shown that 

women are more likely to attend PR than men (OR [95% CI], p value: 1.53 [1.05 to 2.25], p=0.0286) 

(114). 

 

2.4.5.3 Forced expiratory volume in one second (FEV1) percent predicted 

FEV1 percent predicted was recorded from the most recently completed spirometry available for each 

hospital episode. Multiple studies have shown more severe airway obstruction, as measured by a 

lower FEV1 percent predicted, to be a predictor of non-attendance and non-completion of PR 

programmes for those with stable COPD (112, 114). Hayton and colleagues showed patients with an 

FEV1 percent predicted of >55% to be more than twice as likely to adhere to a PR programme than 

those with an FEV1 percent predicted ≤31% (OR [95% CI], p value: 2.2 [1.26 to 3.82], p=0.0426) (114). 

Another study reported similar findings, with non-completers having a significantly lower baseline 
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FEV1 percent predicted than those who completed a PR programme (baseline FEV1 percent predicted 

(mean [SD]: 51.9 [20.7] versus 46.6 [17.8] for completers and non-completers respectively, p=0.006) 

(112).  

 

2.4.5.4 Smoking history (smoking status) 

Smoking history was recorded to determine smoking status (never smoker, current smoker, former 

smoker) for each hospital episode. The leading cause of COPD is smoking tobacco, with an estimated 

50% of smokers developing COPD (117). Studies have shown current smoking to be a predictor for 

declining a referral to PR, with never smokers more likely to consent to PR referral compared with 

former smokers  (OR [95% CI]: 1.38 [1.21 to 1.58] and 0.84 [0.65 to 1.09] for current and never smokers 

respectively, p<0.0001) (115). Non-attendance to PR is also associated with smoking history. Former 

smokers were significantly more likely to attend PR (current smokers attendance and former smoker 

attendance respectively: 56.6% vs. 74.9%), with current smoking also an independent predictor for 

poor adherence to PR (OR [95% CI]: 7.59 [3.93 to 14.64], p<0.001) (114). Another study corroborated 

these findings, with the percent of current smokers significantly lower in patients with stable COPD 

who attended >67% of sessions versus those attending ≤67% of sessions (17.7% vs 56.5% respectively, 

p<0.001) (118). 

 

2.4.5.5 Index of multiple deprivation 

Index of multiple deprivation was calculated (derived from home postcode) for each hospital episode 

using ‘The English Indices of Deprivation 2015’ calculator published by the UK government (weblink 

link: http://imd-by-postcode.opendatacommunities.org/). The seven domains which contributed to 

the index of multiple deprivation in the 2015 were income, employment, education skills and training, 

health deprivation and disability, crime, barriers to housing and services, and living environment (119). 

http://imd-by-postcode.opendatacommunities.org/
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Each had  individual weightings within the index of 22.5%, 22.5%, 13.55, 13.5%, 9.3%, 9.3% and 9.3% 

respectively (119).  

 

Studies have shown living with a greater degree of deprivation to be a predictor for declining a referral 

to PR in stable COPD (OR [95% CI]: 1.36 [1.08 to 1.71], 1.44 [1.15 to 1.79], 1.59 [1.29 to 1.96], 1.81 

[1.46 to 2.25] for quintiles two, three, four and five (the most deprived) respectively compared to 

quintile one (the least deprived), p<0.0001) (115). Steiner and colleagues have also shown those with 

stable COPD who were more deprived to be less likely to complete a PR programme (risk ratio [95% 

CI]: 0.79 [0.73 to 0.85] comparted to the least deprived group, p<0.001) (116).   

 

2.4.5.6 DECAF score 

DECAF score was calculated as it is a well-established prognostic marker for hospitalised AECOPD and 

is a surrogate indicator for admission severity. Section 1.3 provides rationale and method for recording 

DECAF score.  

 

2.4.5.7 Additional clinically relevant variables 

Along with DECAF score, length of inpatient stay and acute non-invasive or invasive ventilation 

requirement were considered clinically relevant hospital admission variables that are surrogate 

indicators of admission severity (5). These were deemed relevant as patients who experience more 

severe exacerbations may be less likely to be referred for or take up PR due to symptom burden (25, 

55, 56). The last hospital admission related variable included was review by a respiratory specialist 

within 24 hours of admission. This was considered important as review by a respiratory specialist was 

considered to have the potential to indirectly effect the likelihood that a COPD discharge bundle would 

be completed.  
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2.4.6 Study outcomes 

Data related to study outcomes were collected by a clinical team member who was blinded to the 

classification of bundle completion.  

 

2.4.6.1 Primary outcome 

The primary outcome was the referral to post-hospitalisation PR within 28 days of hospital discharge. 

PR referral was defined as the percentage of patients where a referral was received by the PR team 

within 28 days of hospital discharge, with the denominator being total number of patients in each 

exposure group (49).  

 

2.4.6.2 Secondary outcome 

The secondary endpoint was PR uptake within 28 days of hospital discharge, defined as documented 

attendance at a PR assessment, with the denominator being total number of patients referred to PR 

at discharge in each exposure group (49). 

 

2.4.7 Sample size 

The sample size calculation was based on previous observations that approximately 30% of those 

receiving a discharge bundle are referred for PR (107). To demonstrate an increase in referral rate to 

60% in those who received a discharge bundle from a current PR practitioner, with 80% power at the 

5% significance level and assuming an exposure ratio of 1:9 (i.e. 10% of discharges would receive a 
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bundle from a current PR practitioner) would require a minimum of 220 patients (MedCalc Software, 

Ostend, Belgium).  

 

For the overall population at hospital discharge, an estimate of the proportion taking up PR was 20% 

(107). To demonstrate an increase in the proportion of those at hospital discharge taking up PR to 

50%, with 80% power at the 5% significance level and assuming an exposure ratio of 1:9 (i.e. 10% of 

discharges would receive a bundle from a current PR practitioner), would require a minimum of 190 

patients (MedCalc Software, Ostend, Belgium). 

 

The minimum data collection period was one year to take into account seasonal variations. However, 

if the sample size had not been reached by one year, it was planned to extend the data collection 

period. 

 

2.4.8 Statistical analysis 

Outcomes were compared between the two COPD discharge bundle exposure groups who received a 

COPD discharge bundle using independent T-Test (or Mann-Whitney for non-normally distributed 

data) or Chi-Squared tests. Normal distribution was determined in SPSS when calculating other 

descriptive statistics by opting to also calculate skewness and kurtosis (normal distribution has a 

skewness of 0, with skewness <-1 or >1 = highly skewed data) and kurtosis (normal distribution has a 

kurtosis of 0, with kurtosis is <– 3 or >3 = excess kurtosis). Associations were investigated using 

multivariate logistic regression. Adjusted odds ratios (OR) with 95% CIs were estimated with p values 

≤0.05 considered significant, with all clinically relevant covariates inputted into the multivariate model 

using the enter method. 
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2.5 RESULTS 

Of 411 hospital episodes screened, 120 were excluded (24 were due to the patient being ineligible for 

PR [n=13 unstable cardiac disease; n=9 unable to walk 5 meters independently; n=2 severe locomotor 

disease precluding moderate intensity exercise] and 96 as it was a readmission of a patient already 

included in the study) (Figure 2.3). The remaining 291 hospital episodes for an AECOPD were included. 

228 (78%) of the 291 hospitalisations received a COPD discharge bundle (Figure 2.3). 25 (11%) of the 

228 COPD discharge bundles were completed by a current PR practitioner compared to 203 (89%) who 

received a COPD discharge from a hospital practitioner not involved in PR delivery (Figure 2.3). 
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Figure 2.3. Schema of the flow of patients, including COPD discharge bundle completion according to 
the three classifications of exposure. 
Abbreviations: COPD: chronic obstructive pulmonary disease; PR: pulmonary rehabilitation. 
   

 

2.5.1 Baseline characteristics 

The baseline characteristics for all 291 hospital episodes included were n: 145 women, 146 men; %: 

33% current smokers; mean age 72 (SD: 9) years, median FEV1 38 (IQR: 26, 52) percent predicted; 

median length of stay 3 (IQR: 2, 7) days. Patients who did not receive a COPD discharge bundle had a 
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longer length of inpatient stay than those who received a COPD discharge bundle (median [IQR]: 4 [2, 

9] days vs 3 [1, 6] days respectively, p=0.024) and were less likely to be reviewed by a respiratory 

specialist within 24 hours of admission than those who received a COPD bundle (70% vs 99% 

respectively, p=<0.001) (Table 2.1).  

 

Table 2.1. Characteristics of whole cohort and according to bundle completion status  

Variable 
Whole cohort 

(n=291) 
No bundle 

completed (n=63) 
Bundle completed 

(n=228) 
p value 

Age (years) 72 (9) 72 (9) 72 (9) 0.968 

Male (n (%)) 146 (50) 29 (46) 117 (51) 0.458 

FEV1 % predicted ~  38 (26, 52) 42 (26, 62) 37 (26, 50) 0.228 

Smoking status: 
Never / current / 
former (n (%))§ 

4 (1) / 95 (33) / 
191 (66) 

2 (3) / 18 (29) / 42 
(67) 

2 (1) / 77 (34) / 
149 (65) 

0.313 

Index of multiple 
deprivation 

12404 (8357, 
17762) 

12930 (8771, 
18062) 

12212 (7955, 
17715) 

0.408 

DECAF score on 
admission+  

1 (1, 2) 1 (1, 1) 1 (1, 2) 0.727 

Length of inpatient 
stay (days) 

3 (2, 7) 4 (2, 9) 3 (1, 6) 0.024* 

Review of respiratory 
specialist within 24 
hours of admission (n 
(%))  

270 (93) 44 (70) 226 (99) <0.001* 

Non-invasive or 
invasive ventilation 
required during 
admission (n (%))  

32 (11) 4 (6) 28 (12) 0.194 

Data expressed as mean (SD) or median (25th centile, 75th centile) unless otherwise stated; 
Independent T-Test (or Mann-Whitney for non-normally distributed data) or Chi-Squared test was 
used to compare no bundle completion versus bundle completion; p value significance = ≤0.05, 
indicated by*; ~ = FEV1 % predicted, n=180; § = smoking status, n=290; + = DECAF, n=120.  
Abbreviations: DECAF: dyspnoea, eosinophils, consolidation, acidaemia, atrial fibrillation; FEV1: forced 
expiratory volume in one second. 
 

 

Baseline demographics according to COPD discharge bundle exposure are shown in Table 2.2. No 

between group differences were seen in the baseline characteristics of the 228 patients who received 

a bundle when compared according to the involvement of the hospital practitioner delivering the 

COPD discharge bundle. 
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Table 2.2. Characteristics of cohort with bundle completed according to involvement of the hospital 
practitioner in PR delivery who completed the bundle 

Variable 
Bundle 

completed 
(n=228) 

Bundle delivered 
by hospital 
practitioner 

involved in PR 

delivery (n=25) 

Bundle delivered 
by hospital 

practitioner not 
involved in PR 

delivery (n=203) 

p value 

Age (years) 72 (9) 72 (11) 72 (9) 0.975 

Male (n (%)) 117 (51) 12 (48) 105 (52) 0.725 

FEV1 % predicted~ 37 (26, 50) 41 (30, 63) 37 (26, 48) 0.131 

Smoking status: 
Never / current / 
former (n (%)) 

2 (1) / 77 (34) / 
149 (65) 

1 (4) / 7 (28) / 17 
(68) 

1 (1) / 70 (34) / 
132 (65) 

0.180 

Index of multiple 
deprivation  

12212 (7955, 
17715) 

13025 (11426, 
17669) 

11492 (7694, 
17762) 

0.063 

DECAF score on 
admission+  

1 (1, 2) 1 (0, 2) 1 (1, 2) 0.267 

Length of inpatient 
stay (days) 

3 (1, 6) 3 (2, 8) 3 (1, 6) 0.438 

Review of respiratory 
specialist within 24 
hours of admission (n 
(%))  

226 (99) 24 (96) 203 (100) 0.116 

Non-invasive or 
invasive ventilation 
required during 
admission (n (%))  

28 (12) 5 (20) 23 (11) 0.213 

Data expressed as mean (SD) or median (25th centile, 75th centile) unless otherwise stated; 
Independent T-Test (or Mann-Whitney for non-normally distributed data) or Chi-Squared test was 
used to compare bundle delivered by hospital practitioner involved in PR delivery versus bundle 
delivered by hospital practitioner not involved in PR delivery; p value significance = ≤0.05; ~ = FEV1 % 
predicted, n=150; + = DECAF, n=117. 
Abbreviations: DECAF: dyspnoea, eosinophils, consolidation, acidaemia, atrial fibrillation; FEV1: forced 
expiratory volume in one second; PR: pulmonary rehabilitation. 
 

 

2.5.2 PR referral 

Of the 63 hospital episodes where a COPD discharge bundle was not delivered, no patient was referred 

for PR at discharge from hospital. In comparison, 40 of the 228 receiving the bundle were subsequently 

referred for PR (18%). A significant between group difference was seen in referral rates of those who 

received a COPD discharge bundle by a current PR practitioner compared with those delivered by a 

hospital practitioner not involved in PR delivery (60% versus 12%, p=<0.001) (Table 2.3).  
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Table 2.3. PR referral rate, uptake, completion and adherence according to the involvement of the 
hospital practitioner in PR delivery who completed the bundle 

Data expressed as n (%); Chi-Squared test was used to compare group; p value significance = ≤0.05, 
indicated by *. 
Abbreviations: PR: pulmonary rehabilitation. 
 

 

2.5.2.1 Predictors of PR referral 

Table 2.4 includes the univariate logistic regression. In adjusted multivariate logistic regression, 

delivery of COPD discharge bundle delivered by a current PR practitioner was a predictor of increased 

PR referral (adjusted OR: 14.46, 95% CI: 5.28 to 39.57), with length of inpatient stay also an 

independent predictor for PR referral (adjusted OR: 0.89, 95% CI: 0.80 to 0.99) (Table 2.5). DECAF 

score and FEV1 percent predicted were missing for a proportion of the patients. Therefore, DECAF 

score and FEV1 percent predicted were unable to be included in the multivariate logistic regression 

models for referral to post-hospitalisation PR. 

 

Outcome 

Bundle delivered by 
hospital practitioner 

involved in PR delivery 
(n=25) 

Bundle delivered by 
hospital practitioner 

not involved in PR 
(n=203) 

p value 

Primary outcome 

Referral to PR received 
within 28 days of hospital 
discharge  

15/25 (60) 25/203 (12) <0.001* 

Secondary outcome 

Uptake of PR within 28 days 
of hospital discharge 

6/15 (40) 8/25 (32) <0.001* 
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Table 2.4. Univariate logistic regression for predictors of PR referral and uptake within 28 days of 
hospital discharge for those with completed bundles 

Variable 

PR referral within 28 day of 
hospital discharge 

PR uptake within 28 days of 
hospital discharge 

Univariate Univariate 

OR 95% CI p value OR 95% CI p value 

Practitioner 
delivering bundle 
involved in PR 
delivery (ref: not 
involved in PR 
delivery) 

10.68 4.33 to 26.35 <0.001* 7.70 2.42 to 24.22 0.001* 

Age (years) 0.98 0.94 to 1.01 0.213 1.00 0.95 to 1.06 0.922 

Sex (ref: male) 0.65 0.33 to 1.31 0.228 1.98 0.64 to 6.09 0.236 

FEV1% predicted 1.01 0.99 to 1.04 0.263 1.02 0.99 to 1.05 0.223 

Smoking status 
(ref: current) 

0.94 0.46 to 1.92 0.856 1.29 0.39 to 4.27 0.672 

Index of multiple 
deprivation 

1.00 1.00 to 1.00 0.305 1.00 1.00 to 1.00 0.110  

DECAF score 0.65 0.39 to 1.07 0.090  0.63 0.28 to 1.38 0.244 

Non-invasive or 
invasive 
ventilation 
required (ref: no) 

1.03 0.37 to 2.88 0.963 1.21 0.26 to 5.70 0.814 

Duration of 
inpatient stay 
(days) 

0.94 0.86 to 1.02 0.139  0.90 0.75 to 1.07 0.233 

p value significance = ≤0.05, indicated by *. 
Abbreviations: CI: confidence interval; DECAF: dyspnoea, eosinophils, consolidation, acidaemia, atrial 
fibrillation; FEV1: forced expiratory volume in one second; OR: odds ratio; PR: pulmonary 
rehabilitation. 
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Table 2.5. Multivariate logistic regression for predictors of PR referral and uptake within 28 days of 
hospital discharge for those with completed bundles 

Variable 

PR referral within 28 day of 
hospital discharge 

PR uptake within 28 days of 
hospital discharge 

Adjusted multivariate Adjusted multivariate 

OR 95% CI p value OR 95% CI p value 

Practitioner 
delivering bundle 
involved in PR 
delivery (ref: not 
involved in PR 
delivery) 

14.46 5.28 to 39.57 <0.001* 8.60 2.51 to 29.50 0.001* 

Age (years) 0.98 0.94 to 1.02 0.277 0.99 0.99 to 1.05 0.717 

Sex (ref: male) 0.56 0.25 to 1.24 0.152 1.83 0.54 to 6.19 0.325 

Smoking status 
(ref: current) 

0.87 0.37 to 2.06 0.748 0.93 0.24 to 3.65 0.917 

Index of multiple 
deprivation 

1.00 1.00 to 1.00 0.481 1.00 1.00 to 1.00 0.227 

Non-invasive or 
invasive 
ventilation 
required (ref: no) 

1.31 0.36 to 4.72 0.680 1.53 0.23 to 3.64 0.917 

Duration of 
inpatient stay 
(days) 

0.89 0.80 to 0.99 0.037* 0.88 0.72 to 1.03 0.178 

p value significance = ≤0.05, indicated by *; all variables were entered in the model using the enter 
method.  
Abbreviations: CI: confidence interval; OR: odds ratio; PR: pulmonary rehabilitation. 
 

 

2.5.3 PR uptake 

A significant between group difference was seen in uptakes rates of those who received a COPD 

discharge bundle by a current PR practitioner compared with those completed by a hospital 

practitioner not involved in PR delivery (Table 2.3). 

 

2.5.3.1 Predictors of PR uptake 

Table 2.4 includes the univariate logistic regression. In adjusted multivariate logistic regression, COPD 

discharge bundle delivered by a current PR practitioner was the only predictor of increased PR uptake 



92 
 

(adjusted OR: 8.60, 95% CI: 2.51 to 29.50) (Table 2.5). DECAF score and FEV1 percent predicted were 

missing for a proportion of the patients. Therefore, DECAF score and FEV1 percent predicted were 

unable to be included in the multivariate logistic regression models for uptake of post-hospitalisation 

PR. 

 

2.6 DISCUSSION 

In this prospective cohort study, provision of a COPD discharge bundle was an important factor in 

determining referral and uptake rates for post-hospitalisation PR. No resulting PR referrals or uptake 

occurred when a COPD discharge bundle was not delivered to the patient. This data supports earlier 

observations that the introduction of COPD discharge bundles can generate increased referrals for 

post-hospitalisation PR (120).  

 

A novel aspect of this study examined whether the role of the hospital practitioner delivering the 

COPD discharge bundle was influential. Intriguingly, this study demonstrated that referral and uptake 

rates were significantly increased when the practitioner delivering the bundle also had responsibilities 

and was involved in the delivery of PR. Although this could simply represent referrer bias, it was 

reassuring to observe that there was also a higher PR uptake rate in those patients referred by current 

PR practitioners. After taking into account potential confounders including patient demographics and 

hospital admission factors, the practitioner’s current involvement in delivering PR remained an 

independent predictor for both increased PR referral and uptake.  
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2.6.1 Proposed rationale for study findings  

One explanation for the observations found in this cohort study includes increased referrer knowledge 

about local referral pathways and processes. Referrer knowledge and attitudes may also influence the 

patient-referrer interaction, which in turn could shape the patient’s understanding and demystify their 

expectations of PR. Knowledge is frequently identified as a barrier/enabler for PR referral and 

participation (121). This is consistent with many of the domains which underpin behaviour change 

proposed by Michie and colleagues (122), highlighting the role of the referrer as a well-informed, 

skilled credible source being important. The data from this study is hypothesis generating, and an area 

of further research is to test whether improving referrer knowledge and experience, potentially 

through formal training or closer integration between hospital services and PR, might increase referral 

and uptake for post-hospitalisation PR. This is particularly important given the paucity of effective 

interventions that address this area (123).  

 

The observations from this cohort study also suggest that patients who did not receive a COPD 

discharge bundle had a longer inpatient stay and were less likely to receive a review from a respiratory 

specialist within 24 hours. Rationale for this is unknown from the data collected in this cohort study, 

but it is possible these patients might have complex multimorbidity or were cared for by non-

respiratory physicians, such as geriatricians. This cohort study indicates the need for future 

exploration into the inpatient care pathways for those admitted with an AECOPD who have a 

prolonged length of inpatient stay to facilitate these patients receiving a COPD discharge bundle (and 

in turn the opportunity of being offered post-exacerbation PR).  
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2.6.2 Strengths  

This was an adequately powered study, with the required sample size achieved. Hillingdon Hospital 

maintains a real-time continuous database of patients admitted with COPD as part of the National 

COPD secondary care audit and the introduction of the NHS England COPD Best Practice tariff. The 

hospital has an integrated respiratory team with responsibility for delivering all COPD discharge 

bundles. Patients in Hillingdon borough are served by a single PR provider, which facilitates collection 

of PR outcome data. These are important as they promote accuracy of data derived from electronic 

healthcare records, which is known to vary (110, 111), and effectively minimise loss to follow-up, 

which did not occur in this study, through implementation of a systematic and robust process to obtain 

data (124). Finally, the patient, referrer and hospital admission covariates selected a priori for this 

cohort study were based upon the potential predictors of PR outcomes from the existing evidence-

base as well as variables considered to be clinically relevant.  

 

2.6.3 Limitations 

This was a single centre cohort study, without an external cohort to validate the findings. Therefore, 

these findings may not be generalisable beyond our local population. Moreover, although the a priori 

sample size was met, only a small proportion of bundles were completed by a hospital practitioner 

who contributed to PR delivery and the wide 95% confidence intervals suggest a degree of uncertainty. 

Another limitation is that this study utilised routinely collected data as part of service evaluation and 

audit (80). As a  result, it is possible that the findings could be explained by confounding factors not 

collected in the dataset, with differences in patient knowledge, beliefs and attitudes between the 

exposure groups potentially relevant (121). This is a generic weakness of cohort studies whereby only 

association, and not causation, can be shown (80).  
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Although this was a prospective cohort study, variables recorded in ‘real-time’ (DECAF scoring and 

FEV1 percent predicted) were missing for a proportion of the patients. Therefore, DECAF score and 

FEV1 percent predicted were unable to be included in the multivariate logistic regression models for 

referral and uptake to post-hospitalisation PR, and therefore it is not known whether these two 

variables are important confounders for the outcomes of interest. 

 

Another variable, review by respiratory specialist within 24 hours of hospital admission, was also not 

included in any of the multivariate logistic regression models to determine predictors of PR referral 

and uptake as there was no reference group; all those who received a COPD discharge bundle by a 

hospital practitioner not involved in PR delivery had a review by a respiratory specialist within 24 hours 

of hospital admission.  

 

2.7 CONCLUSION 

COPD discharge bundle completion is associated with increased referral and uptake rates for post-

hospitalisation PR. In particular, COPD discharge bundle delivery by a practitioner delivering PR within 

their workplan is an independent predictor of PR referral and uptake. Closer integration between 

clinical services and standardisation of information delivered between hospital and PR practitioners 

may increase post-hospitalisation PR referral and uptake rates. 

 

The focus of the next chapter is to investigate whether PR uptake and referral rates can be increased 

through standardisation of the information provided to patients regarding post-hospitalisation PR 

within the COPD discharge bundle. 
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Chapter 3: A randomised controlled trial of a Video 

Intervention to facilitate RehabiliTation Uptake following 

hospitalised Exacerbations of COPD (VIRTUE) 

 

Some of the results from this chapter were published in the American Journal of Respiratory and 

Critical Care Medicine on 17th March 2020 (123). These results are reprinted with permission of the 

American Journal of Respiratory and Critical Care Medicine, copyright © 2020 American Thoracic 

Society. All rights reserved. Barker et al, 2020, Am J Respir Crit Care Med Vol 201, Iss 12, pp 1517–

1524. The American Journal of Respiratory and Critical Care Medicine is an official journal of the 

American Thoracic Society. 

 

Some of the results from this chapter have also previously been reported in a conference abstract, 

which was presented at the American Thoracic Society International Conference in May 2019 (125). 

These results are reprinted with permission of the American Thoracic Society and with permission of 

the authors, copyright © 2020 American Thoracic Society. All rights reserved.  

 

*Please note that I was the trial manager for this study prior to starting this PhD, and I recruited the 

majority of participants before formally starting my PhD. I was not involved in the development of the 

intervention. The main components that I have conducted during my PhD have been the development 

of the statistical analysis plan, the completion of recruitment and follow-up for participants, analysis 

of the data and the interpretation of findings* 
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3.1 BACKGROUND  

Pulmonary rehabilitation (PR) following hospitalised acute exacerbations of COPD (AECOPD) improves 

exercise capacity and health-related quality of life (HRQoL), and reduces readmissions and mortality 

(46, 48). However, post-hospitalisation PR uptake is low (52) and no randomised trials of interventions 

to increase uptake in this population have been published (59, 60). Poor referral and uptake rates are 

partly attributable to poor patient engagement with, or lack of awareness of the benefits of, PR, as 

well as referrer-related barriers including lack of knowledge of PR or the referral processes (56). 

Therefore, PR services need to explore novel strategies to better engage patients (78).  

 

As previously discussed, one advocated strategy is the delivery of a COPD discharge bundle during a 

hospital admission following an AECOPD (126). In the UK, this aide memoir of evidence-based best 

practice includes the offer of referral to early post-discharge PR following a hospitalization for 

AECOPD. However, as demonstrated in the previous chapter, despite delivery of the COPD discharge 

bundle, outcomes such as referral to PR can vary according to practitioner job role. This may be related 

to referrer knowledge. 

 

The aim of the current study  was to investigate whether an intervention delivered alongside the COPD 

discharge bundle, which not only provides more in-depth information to patients regarding post-

exacerbation PR but also allows for standardisation of the information being provided by hospital 

practitioners, can increase the referral to and uptake of post-hospitalisation PR.  
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3.2 OBJECTIVE 

The objective of a ‘Video Intervention to facilitate RehabiliTation Uptake following hospitalised 

Exacerbations of COPD’, or VIRTUE was to determine whether a patient co-designed education video 

delivered alongside the COPD discharge bundle increases referral rate, uptake and completion of PR 

post-hospitalisation for AECOPD.  

 

3.3 HYPOTHESIS  

It was hypothesised that using a patient co-designed education video alongside a COPD discharge 

bundle would enhance referral rate, uptake and completion of PR post-hospitalisation for AECOPD.  

 

3.4 METHODS 

3.4.1 Study design 

VIRTUE was a mixed methods trial which included a parallel, two-group RCT with convergent 

qualitative interviews for patients recruited to the RCT. Figure 3.1 is a schematic of the trial design.  
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Figure 3.1. Schema of VIRTUE trial design.  
Abbreviations: 4MGS: four metre gait speed; AECOPD: acute exacerbation of chronic obstructive pulmonary disease; 
CAT: COPD Assessment Test; HRQoL: health-related quality of life; MRC: Medical Research Council; PR: pulmonary 
rehabilitation.   
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3.4.2 Ethical approval and trial registration 

The study was approved by the London – City and East Research Ethics Committee (14/LO/1740). All 

participants provided written informed consent when recruited to the RCT, and additional written 

informed consent was received from all participants who participated in the qualitative interviews. 

VIRTUE was prospectively registered on the International Standard Randomised Controlled Trial 

Number (ISRCTN) registry (13165073). 

 

3.4.3 Participants 

3.4.3.1 Trial eligibility criteria 

Recruitment took place at Hillingdon Hospital between February 2015 and May 2018. Eligible 

participants were aged 40 years or over and hospitalised at Hillingdon Hospital with a primary 

diagnosis of AECOPD (or primary diagnosis of pneumonia and secondary diagnosis of AECOPD). A 

diagnosis of COPD was based upon a clinical opinion from a specialist respiratory physician with access 

to hospital and primary care records including previous spirometry results, to ensure a diagnosis of 

COPD could be confirmed (127). A conservative age cut-off of ≥40 years of age was included to reduce 

the likelihood that those with a differential diagnosis of asthma would be recruited (National Institute 

for Health and Care Excellence guidelines suggest asthma (another common obstructive lung 

condition) is more prevalent in those under 35 years of age (127)).  

 

Patients were also required to be eligible for post-hospitalisation PR according to local criteria (able 

to walk 5-metres, with a Medical Research Council [MRC] score ≥2 (34)) and be living within catchment 

area of Harefield PR programme. This was to ensure those being recruited to the trial were suitable 
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to be referred for PR at hospital discharge, and the outcome data could be robustly collected from a 

single database.  

 

Exclusion criteria included other significant co-morbidities that were a contraindication for exercise 

training (e.g. evidence of acute coronary syndrome or unstable ischaemic heart disease, severe aortic 

stenosis, uncontrolled cardiac arrythmia) (34), lack of consent due to cognitive dysfunction or poor 

English, and those receiving palliative care with expectation of death within three months. Experience 

of PR in the preceding 12 months was initially included as an exclusion criterion. However, this was 

removed in September 2016 (following approval being obtained from the London – City and East 

Research Ethics Committee via a substantial amendment) as the group allocation process 

(minimisation) accounted for past experience of PR (see section 3.4.4).  

 

3.4.3.2 Qualitative interviews purposive sampling criteria 

Using purposive sampling, a sub-group of patients allocated to the intervention group were 

interviewed to capture their perspectives about the education video and research processes. The 

purposive criteria took into account ages, sex, ethnicity, whether they agreed, or declined a referral 

for PR, and PR completers and non-completers. This was to ensure the range of perspectives explored 

were evidence-based (113, 114, 128) and specifically selected participants who achieved different 

degrees of engagement with the PR (129). 

 

3.4.4 Randomisation procedure 

Participants were randomised 1:1 to either control (COPD discharge bundle alone) or intervention 

(COPD discharge bundle plus patient co-designed education video). The allocation sequence was 
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computer-generated (Minim) (130), inputted by an independent administrator. Minimisation was 

used as it is a widely accepted as a method of group allocation to ensure groups are balances according 

to pre-defined variables (131).  

 

The groups in this study were balanced according to six criteria: 1) age (years: </≥65), 2) sex 

(male/female), 3) FEV1 (percent predicted: </≥50), 4) transport availability (independent driver with a 

car: yes/no), 5) physical frailty status (four metre gait speed [4MGS] metres/second [m/s]: </≥0.6 

(132)), and 6) previous PR experience (previously attended PR: yes/no). These six criteria were 

deemed to be clinically relevant factors which have previously been shown to negatively affect PR 

service utilisation (age (112, 113), sex (114), FEV1 percent predicted (112, 114), transport availability 

(58, 133) and physical frailty (134)). Previous PR experience was considered a factor which was likely 

to influence uptake of PR.  

 

3.4.5 Blinding 

This RCT was assessor- and statistician- blinded. The researcher who conducted the patient screening, 

recruitment, 12 weeks (approximated as 90 days) post-discharge outcome assessments and data 

collection for PR service utilisation outcomes (referral, uptake, adherence and completion) was 

blinded to group allocation. All statistical analysis was undertaken jointly by a researcher and 

statistician who remained blinded to group allocation until primary statistical analysis was completed. 

Group allocation was completed by an administrator who liaised with a unblinded researcher who 

delivered the intervention. This was independent to the blinded researcher completing the tasks 

stated above.   
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Once participants were recruited, the independent administrator contacted the external qualitative 

researcher with participant details relating to group allocation and PR referral status at hospital 

discharge. The external qualitative researcher requested the further detail required from the 

independent administrator following the 12 weeks post-discharge outcome assessment to confirm 

whether patients met the purposive sampling criteria.  

 

3.4.6 Study interventions 

All participants received usual care, comprising delivery of a COPD discharge bundle (Figure 2.1 in 

Chapter 2, section  2.1) (126) from a specialist respiratory allied health professional. This included 

organising appropriate follow-up post-discharge, smoking cessation advice (and referral) if 

appropriate, inhaler technique education, written self-management plan, and information about PR 

(126).  

 

All patients were given standardised verbal information in this trial regarding post-hospitalisation PR: 

“PR is a set of personalised classes to help you manage your breathlessness and gradually increase 

your fitness level. Each class consists of an education and an exercise session and lasts around 2 hours. 

Classes are held twice a week for eight weeks. Once you have been referred, you will be contacted 

within 2 weeks to arrange an assessment. During this assessment, a specialist physiotherapist will 

discuss your goals with you and complete a full lung health check-up. The assessment takes place at 

Harefield Hospital, but you can choose where you would like to attend your PR programme. For 

example, in Hayes, Uxbridge, Harefield, Harrow Weald and South Harrow. This is your leaflet which 

will provide you with more information.”. All participants also received standardised written 

information regarding post-exacerbation PR (Appendix 2). Participants were offered a referral to the 

programme, with a referral generated only with patient consent.   
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The intervention group were provided with the same COPD discharge bundle but also watched a five-

minute patient co-designed education video providing additional information about post-

exacerbation PR. The video was delivered via handheld tablet device (mini iPad) at the bedside whilst 

patients were in hospital. The intervention group were provided with a secure internet link and 

password to allow them or their family members to watch the video once discharged. Since the end 

of the study, the video has been made available at: https://www.youtube.com/watch?v=jNtNPsC931I  

 

3.4.6.1 Video intervention development 

The development of the intervention was conducted before the start of this PhD. An experience-based 

co-design (EBCD) methodology was used. This is a quality improvement approach that enables key 

stakeholders, in this instance service users and healthcare professionals, to co-design an information 

video intervention in partnership (135): these differing participant types were selected and described 

as ‘stakeholders’ given that all can either affect, or be affected by, the intervention (136). The EBCD 

process gathers experiences from service users and healthcare professionals through observations 

and group discussions, identifying key 'touchpoints' (emotionally significant views) and ensuring a 

consensus is reached (135).  

 

The EBCD process is outlined below (see Figure 3.2 for a schematic representation of the process): 

1. Video-recorded interviews were conducted with patients to understand their experiences of 

PR after an acute exacerbation of COPD. One of the key issues raised by patients was 

insufficient information about the components of PR, and the potential benefits for 

themselves;  

https://www.youtube.com/watch?v=jNtNPsC931I
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2. Clips which illustrated the key perceptions and experiences raised in the interviews (known as 

‘touchpoints’) were subsequently combined and edited to produce a ‘touchpoints’ video; 

3. The edited ‘touchpoints’ video was then played at three key stakeholder feedback events;  

a. Patients alone (all patients had experienced a hospitalisation for exacerbation of 

COPD, with some previously undergoing post-hospitalisation PR [this included those 

who offered but declined to attend, started and dropped out, and those who 

completed early PR]);  

b. Healthcare professionals alone (from acute care teams involved in the inpatient care 

of patients with exacerbation of COPD as well as from the PR service); and  

c. Joint patient and healthcare professional event (including a similar heterogenous 

combination of patients and healthcare professionals from the groups stated above);  

4. From these three stakeholder events, the key priority was to develop an education video that 

would allow real past patients to tell prospective patients about the benefits of PR in a visual 

manner; and 

5. Patient/healthcare professional co-design groups were then formed to develop the 

intervention, how it would be delivered, and at which point in the patient pathway.   
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Figure 3.2. Schema of experience-based co-design process to develop the video intervention. 
Reprinted with permission of the American Thoracic Society, copyright © 2020 American Thoracic 
Society. All rights reserved. Barker et al, 2020, Am J Respir Crit Care Med Vol 201, Iss 12, pp 1517–
1524. The American Journal of Respiratory and Critical Care Medicine is an official journal of the 
American Thoracic Society.  

Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; PR: pulmonary 
rehabilitation; VIRTUE: A randomised controlled trial of a Video Intervention to facilitate RehabiliTation 
Uptake following hospitalised Exacerbations of COPD. 

 

 

3.4.7 Study measurements 

Along with a structured history (which included smoking status, Charlson Comorbidity Index and index 

of multiple deprivation), the following were measured on the day of hospital discharge: 

anthropometry (height and weight), physical frailty status (4MGS (132)), lung function (spirometry 

(137)), respiratory disability (MRC dyspnoea score (138)), and disease-specific HRQoL (COPD 

Assessment Test [CAT] (23)). 4MGS and CAT were re-measured 12 weeks post-discharge. Qualitative 

interviews were conducted within a week after the end of the 12-week follow-up period. 
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3.4.7.1 Smoking history (smoking status and pack year history) 

Smoking history was recorded at baseline to determine smoking status. Section 2.4.5.4 includes 

rationale and method for recording smoking history. In relation to smoking, particular note was also 

taken regarding duration in years and daily volume of tobacco or number of cigarettes smoked 

(termed pack year history) (139). Figure 3.3 shows how pack year history is calculated (140). For 

example, the total pack year history for someone who smoked 15 cigarettes a day from the ages of 16 

to 35, and then 20 cigarettes a day from the ages 36 to 61 would be: ([15/20]*19)+([20/20]*25)=39.25 

years.  

 

 
Figure 3.3. Equation to calculate pack year history.  
 

 

3.4.7.2 Comorbidity burden (Charlson Comorbidity Index) 

The Charlson Comorbidity Index was recorded at baseline to determine comorbidity burden, and 

subsequent risk for patients admitted to hospital (141). A study has shown living with a higher 

comorbidity burden to be a predictor for lower referral rates to PR in stable COPD (115). The Charlson 

Comorbidity Index is an index which includes 19 comorbid conditions identified from the International 

Classification of diseases–9 codes which are assigned to hospital discharges, and weights accordingly 

according to risk of dying (141).  The scores are totalled, with the overall score predictive of 10-year 

mortality; higher scores are associated with a higher mortality risk. The age-adjusted version of the 

Charlson Comorbidity Index accounts for the mortality associated with aging, with points added to the 

overall score. Charlson Comorbidity Index was computed using a calculator in this trial based upon the 

scoring system presented in Table 3.1. 



108 
 

 

Table 3.1. Scoring used to compute age-adjusted Charlson Comorbidity Index  

Variable Point scored 
Age - 

          ≥40 years 0 

          >40-≥50 years 1 

          >50-≥60 years 2 

          >60-≥70 years 3 

          >70-≥80 years 4 

          >80 years 4 

Myocardial infarction 1 

Congestive heart failure 1 

Peripheral vascular disease 1 

Cerebrovascular disease 1 

Dementia 1 

Chronic obstructive pulmonary disease 1 

Rheumatic disease 1 

Peptic ulcer disease 1 

Mild liver disease 1 

Diabetes mellitus without end-organ damage 1 

Diabetes mellitus with end-organ damage 2 

Hemiplegia 2 

Renal disease 2 

Any malignancy 2 

Lymphoma 2 

Leukaemia 2 

Moderate liver disease  3 

Metastatic solid tumour 6 

Acquired immunodeficiency syndrome  6 
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3.4.7.3 Index of multiple deprivation  

Index of multiple deprivation was calculated at baseline using the patients’ home postcode. Section 

2.4.5.5 includes rationale and method for recording index of multiple deprivation.  

 

3.4.7.4 Anthropometry (height, weight and body mass index) 

Height and weight were recorded at baseline to allow calculation of body mass index (BMI), and to 

support performance of lung function measures (142). BMI has been shown to be associated with 

worse PR attendance in patients with stable COPD (143). Height was determined to the nearest 

centimetre using height stadiometer (Model 217, Seca, Hamburg, Germany) intended for mobile use, 

with the participant in bare feet (Figure 3.4a). Weight was measured in kilograms to one decimal place 

with the participant lightly dressed using Seca flat digital scales (Model 875 Seca, Hamburg, Germany) 

intended for mobile use (Figure 3.4b). BMI was calculated by dividing weight (in kilograms) by height 

(in metres) squared.  
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Figure 3.4. a) Leicester Height Stadiometer (Model 217, Seca, Hamburg, Germany); b) Seca Dual 
Measurement analogue scales (Model 761 Seca, Hamburg, Germany). 

  

 

3.4.7.5 Physical frailty status (four metre gait speed)  

The four metre gait speed (4MGS) was recorded to measure physical frailty status at baseline and 12 

weeks post discharge. Frailty has been shown to be a predictor of non-completion of PR in patients 

with stable COPD (134). Frailty, as measured by 4MGS as a surrogate marker of physical frailty, also 

predicts readmission risk at 90 days for patients admitted to hospital with an AECOPD (132).  
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Staff were trained to perform the 4MGS assessments according to the local standard operating 

procedure (Appendix 4), which was based upon the National Institutes of Health Toolbox (144). The 

test was completed on a flat, unobstructed four metre course delineated with tape with a stopwatch 

(Unisex Black Sports LCD stopwatch, Argos, UK) used to record the time taken to two decimal places. 

Participants started stationary, with their toes positioned just touching the start line, with the staff 

member positioned behind the participant. This was to ensure the patient was not paced by the 

assessor during the test. Timing commenced from when the heel of the first foot was lifted. Timing 

ended when the first foot completely crossed the second line, demonstrating four metres had been 

covered (Figure 3.5).   

 

 
Figure 3.5. Set-up and timing during four metre gait speed assessment. 

 

 

Gait speed in metres per second (m/s) was calculated by taking the distance walked (i.e. four metres) 

divided by time taken recorded to cover the distance in seconds to two decimal places.  For example, 

the 4MGS time would be 1.00 m/s if the participant took 4.00 seconds to walk four metres.  

  

3.4.7.6 Lung function (spirometry) 

Spirometry was performed according to according to American Thoracic Society / European 

Respiratory Society guidelines (145) to measure lung function at baseline and 12 weeks post-
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discharge. Section 2.4.5.3 includes rationale for performing spirometry. Spirometry was performed 

using an EasyOne diagnostic spirometer (model 2001, Medixintechnik, Zurich, Switzerland) (Figure 

3.6a). Forced vital capacity (FVC) and FEV1 were measured (absolute and percent predicted values), 

with FEV1/FVC ratio calculated. A minimum of three attempts were performed, and repeated until 

reproducible FVCs were recorded (142). The data from the best of three reproducible attempts was 

used, with predicted values derived from the equations recommended by the European Respiratory 

Society (142). The spirometer was calibrated daily using the ndd calibration adapter and a 3-litre 

calibration syringe (ndd Medical Technologies, Massachusetts, USA) (Figure 3.6: b and c). 

 

 
Figure 3.6. a) EasyOne diagnostic spirometer; b) Calibration adapter; c) 3-litre calibration syringe. 
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3.4.7.7 Respiratory disability (MRC dyspnoea scale) 

The MRC dyspnoea score was recorded to measure respiratory disability (137, 138) at baseline. The 

MRC dyspnoea Scale is a 5-point scale (Table 3.2). No respiratory disability is represented by score 1, 

whilst worsening degrees of limitation which have increasing impact on function are scored from 2 

upwards. Patients with higher MRC dyspnoea scores have been shown to have lower attendance rates 

to a PR programme in patients with stable COPD (118), and lower PR completion rates (112, 146). 

There is excellent reproducibility using the MRC dyspnoea scale, with strong correlations with other 

breathlessness scales and lung function measures (147). 

 

Table 3.2. Medical Research Council dyspnoea scale  

Medical Research Council dyspnoea scale 

1. Not troubled by breathlessness except on strenuous exertion. 
 

2. Short of breath when hurrying or walking up a slight hill. 
 

3. Walks slower than contemporaries on level ground because of  
breathlessness, or has to stop for breath when walking at own pace. 
 

4. Stops for breath after walking about 100ms or after a few minutes on level ground. 
 

5. Too breathless to leave the house, or breathless when dressing or undressing. 

 

 

3.4.7.8 HRQoL (COPD Assessment Test [CAT]) 

The CAT was completed at baseline and 12 weeks post-discharge to measure disease-specific HRQoL. 

The CAT is a short, self-administered questionnaire containing 8 items, scored from 0 to 5, which takes 

two to three minutes to complete (148). The overall score for the questionnaire is calculated by 

totalling the score (0 to 5) for each of the eight items (Figure 3.7). The lower the overall score 
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(minimum is 0), the less impact COPD has on the participants, with the highest achievable overall score 

being 40. Scores of between 0 and 10, 11 and 20, 21 and 30 and 31 and 40 indicate COPD has a low, 

medium, high and very high impact on participants respectively (149).  

 

 The CAT has been shown to have excellent internal consistency and test-retest reliability, can be used 

longitudinally to monitor health status (150) and is known to be responsive to both PR (23) and 

exacerbations (151). Higher scores are seen in patients with frequent exacerbations (22), and a change 

of two or more units is considered to be the minimum clinically important difference (23). Non-

completers of PR have been shown to have significantly higher baseline CAT scores than those who 

completed a PR programme (112), and CAT score has been shown to be a predictor of non-completion 

of a PR programme in patients with stable COPD (134).  
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Figure 3.7. COPD Assessment Test questionnaire. 
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3.4.8 Study outcomes 

3.4.8.1 Primary outcome 

Outcome data was collected by a researcher blinded to treatment allocation. The primary outcome 

was percentage uptake of PR within 28 days of hospital discharge. Uptake was defined as documented 

attendance at a PR assessment, with the denominator being total number of patients in each 

treatment group. This denominator was selected as a result of the process outlined in the National 

Institute for Health and Care Excellence Quality Standard to determine the proportion of those 

patients discharged from hospital commencing a post-exacerbation PR programme within four weeks 

of hospital discharge (49). 

 

3.4.8.2 Secondary outcomes 

Secondary endpoints were:  

1. PR referral rate, defined as the percentage of patients where a referral was received by the 

PR team within 28 days of hospital discharge, with the denominator being total number of 

patients in each treatment group (49); 

2. PR completion rate, defined as percentage of patients attending ≥8 (equivalent to 50% or 

more) PR sessions and attending end of course assessment (50), with the denominator being 

patients who had attended a PR assessment;  

3. PR adherence, defined as mean number of PR sessions attended per participant attending PR; 

4. Change in physical performance (4MGS, a surrogate marker of physical frailty) between the 

day of discharge and 12 weeks post-discharge; and 

5. Change in HRQoL (CAT, a marker of disease-specific health status) between the day of 

discharge and 12 weeks post-discharge. 
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3.4.8.3 Clinical safety endpoints 

Safety endpoints in the 12-week follow-up period were: 

1. Mortality;  

2. Hospital readmissions; and  

3. Acute hospital bed days. 

 

3.4.8.4 Qualitative outcomes  

The interview topic guide (Figure 3.8) explored participants experiences of the verbal and written 

information received about PR (both positive and negative, how this influenced or impacted their 

decision to accept or decline referral for PR). They were asked whether the video intervention 

impacted their perceptions and understanding of PR. Participants were also asked about possible ways 

of enhancing the effective delivery of the video. In this way, rich data was collected in order to gain 

insights into compliance with the intervention from a patient’s perspective, and how participants 

made sense of PR in the context of their daily life and during their current acute exacerbation.  
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Figure 3.8. Topic guide for the qualitative interviews. 
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3.4.9 Sample size 

3.4.9.1 Trial sample size  

In a previous audit of the same setting, 68 of 286 eligible patients admitted to Hillingdon Hospital 

attended an initial PR assessment post-hospitalisation (24% uptake) (52). To demonstrate an increase 

in the primary outcome measure from 24% in the control group to 45% in the intervention group, 178 

patients (89 in each group) were required with 80% power at the 5% significance level (MedCalc 

Software, Ostend, Belgium). To account for a potential 10% drop-out rate, a total of 200 patients (100 

per group) were recruited. 

 

3.4.9.2 Qualitative interviews sample size  

Sample size of the qualitative study was based on the predicted minimum number of interviews 

required to achieve saturation (the point at which gathering fresh data does not generate new 

theoretical insights related to the research question and objectives) and is based on the concept of 

Information Power (152). Based on the work of Guest et al. (153), saturation of themes is usually 

reached by the twelfth interview. Therefore 12 qualitative interviews were the minimum required to 

be completed in this trial. 

 

3.4.10 Data analysis 

The initial analysis of the quantitative and qualitative data was undertaken separately, with both a 

statistical analysis plan (section 3.4.10.1) and a qualitative analysis plan (section 3.4.10.2) outlined 

below (termed a segregated analysis method (154), which complements the convergent mixed 

methods design selected for this study (100)). Following initial analysis of the quantitative and 
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qualitative data separately, the findings were subsequently integrated. Section 3.4.10.3 provides 

details of the integrated analysis plan.  

 

3.4.10.1 Statistical analysis 

Quantitative data analysis was completed by the trial statistician and a blinded researcher using Stata 

version 14.1 (StataCorp LP, Texas, USA). The statistician and researcher remained blinded to treatment 

allocations until completion of analysis. The pre-specified primary analysis was by intention to treat. 

Categorical data were presented as percentages and compared between groups using the Pearson X2 

test. A p value <0.05 was considered statistically significant.  

 

Change in physical performance and HRQoL from hospital discharge to 12 weeks (or 90 days) post-

discharge were compared by trial group using independent samples T-Test (two-sided). Missing data 

were explored and reported according to cause. Missing data were assumed to have occurred 

completely at random and were handled by a Markov Chain Monte Carlo method (155), using multiple 

imputations (10 datasets) using simulations from a Bayesian prediction distribution for normal data. 

Data were assumed to be from a multivariate normal and data augmentation was applied to Bayesian 

inference with missing data. The data were log transformed for multiple imputation then anti-logged 

for the analysis.  A pre-planned sensitivity analysis considered patients who were naïve to PR at 

recruitment, as these participants were identified as those that might particularly benefit from the co-

designed educational video intervention. Additional post-hoc analysis was completed to determine 

factors associated with PR uptake and treatment effect in subgroups.  
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3.4.10.2 Qualitative analysis 

The audio-recorded qualitative interviews were anonymised and transcribed verbatim (156).  

Interview transcripts were analysed thematically using a framework approach through the steps of: 1) 

data management, 2) descriptive accounts, and 3) explanatory accounts (157). This approach provided 

a systematic framework to analysis for applied qualitative research (157). Participants’ accounts were 

coded in categories of similar experiences, actions or events and common themes have been derived. 

NVivo was used to review and code data to aid the identification of topic categories and themes.  

 

3.4.10.3 Integrated analysis 

The themes were critically discussed by the research team to check for any inconsistencies in analysis 

and to link the qualitative to quantitative data, facilitating a broader, mixed methods analysis of the 

dataset (158).  

 

3.5 QUANTITATIVE RESULTS 

Figure 3.9 shows the trial CONSORT flowchart. 200 patients were recruited and 196 were randomised 

(98 per group). Four participants were not randomised due to being discharged from hospital prior to 

the baseline assessment being completed. All 196 participants were analysed for the primary 

outcome, as well as the secondary outcomes relating to PR service utilisation and safety. 42 and 38 

were lost to follow-up for the intervention and control group respectively for the secondary outcomes 

which required face-to-face assessment (physical performance and HRQoL). 
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Figure 3.9. CONSORT diagram for flow of participants in VIRTUE trial.  
Reprinted with permission of the American Thoracic Society, copyright © 2020 American Thoracic 
Society. All rights reserved. Barker et al, 2020, Am J Respir Crit Care Med Vol 201, Iss 12, pp 1517–
1524. The American Journal of Respiratory and Critical Care Medicine is an official journal of the 
American Thoracic Society. 
Abbreviations: 10; primary; 20: secondary; PR: pulmonary rehabilitation. 
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3.5.1 Baseline characteristics 

The baseline characteristics of the 196 participants randomised are shown in Table 3.3. 49% of the 

randomised participants were male, with a mean (SD) age of 69 (11) years. At baseline, the participants 

had severe airway obstruction (median FEV1 36 [IQR: 27, 48] percent predicted), significant respiratory 

disability (MRC dyspnoea score of 4 [IQR: 3, 5]) and a normal BMI (25.5 [IQR: 21.9, 31.0] kg/m2). 52% 

had previously completed PR. There were no differences in the baseline characteristics between the 

intervention and control groups (Table 3.3).  
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 Table 3.3. Baseline characteristics for whole group and according to group allocation 

Data reported as mean (SD) or median (25th centile, 75th centile) unless stated otherwise; Independent 
T-Test (or Mann-Whitney for non-normally distributed data) or Chi-Squared test was used to compare 
groups.  
Abbreviations: 4MGS: four metre gait speed; BMI: body mass index; COPD: chronic obstructive 
pulmonary disease; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; kg: 
kilogram; m: metres; MRC: Medical Research Council dyspnoea scale; m/s: metres per second; PR: 
pulmonary rehabilitation; s: seconds. 
 

 

Variable 
Whole group 

(n=196) 
Intervention group 

(n=98) 
Control group 

(n=98) 
p value 

Male (n (%)) 95 (49) 49 (50) 46 (47) 0.668 

Age (years) 69 (11) 70 (11) 68 (11) 0.391 

FEV1/FVC 0.53 (0.17) 0.53 (0.16) 0.53 (0.17) 0.757 

FEV1
* (% predicted)  36 (27, 48) 38 (28, 49) 34 (26, 47) 0.454 

MRC score  4 (3, 5) 4 (3, 5) 4 (3, 5) 0.791 

BMI (kg/m2) 25.5 (21.9, 31.0) 26.2 (22.5, 31.9) 24.9 (21.8, 30.3) 0.285 

Index of multiple 
deprivation  

15170 (7213) 15783 (7508) 14550 (6886) 0.234 

Smoking status: 
never/former/current (n 
(%)) 

4 (2) / 138 (70) / 54 
(28) 

1 (1) / 70 (71) / 27 
(28) 

3 (3) / 68 (69) /  
27 (28) 

0.598 

Pack year history (years) 40 (27, 60) 40 (26, 55) 40 (28, 60) 0.562 

Charlson Comorbidity 
Index 

2 (1, 2) 2 (1, 2) 2 (1, 2) 0.926 

Self-reported all-cause 
hospital admissions in 
previous year 

1 (0, 2) 1 (0, 2) 1 (0, 2) 0.486 

Self-reported courses of 
antibiotics in previous 
year 

2 (1, 4) 2 (1, 3) 2 (1, 4) 0.979 

Self-reported courses of 
steroids in previous year  

1 (0, 3) 1 (0, 3) 2 (1, 4) 0.630 

Home oxygen required 
at hospital discharge (n 
(%)) 

7 (4) 4 (4) 3 (3) 0.684 

Acute non-invasive 
ventilation during 
admission (n (%)) 

22 (11) 11 (11) 11 (11) 0.944 

Walking aid required on 
admission (n (%)) 

51 (26) 22 (22) 29 (30) 0.254 

Own transport (n (%)) 116 (59) 56 (57) 60 (61) 0.561 

Living alone (n (%)) 83 (43) 39 (40) 44 (45) 0.470 

Hospital length of stay 
(days) 

3 (1, 6) 3 (2, 7) 2 (1, 5) 0.129 

Previous experience of 
PR (n (%)) 

101 (52) 50 (51) 51 (52) 0.886 

4MGS: <0.60 m/s (n (%)) 99 (51) 50 (51) 49 (50) 0.944  

COPD Assessment Test 23 (8) 23 (8) 23 (8) 0.888 
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3.5.2 PR uptake rate 

Table 3.4 summarises the results of the primary outcome (PR uptake rate) for the whole group and 

according to group allocation. Overall uptake of PR was 37%, with no difference in uptake between 

the control (41%) and intervention (34%) groups, p=0.370.  

 

Table 3.4. Referral rate, uptake, completion and adherence to early PR for whole group and 
according to group allocation 

Data reported as mean (SD) unless stated otherwise. Independent T-Test or Chi-Squared Test were 
used to compare groups. The pulmonary rehabilitation program offers 2 supervised sessions per week 
for 8 weeks (i.e. 16 sessions). 
Abbreviations: 4MGS: four metre gait speed; CAT: COPD Assessment Test; PR: pulmonary 
rehabilitation. 

 

The Kaplan-Meier curve demonstrated no significant between group difference in time to uptake of 

PR (Figure 3.10; log rank test p=0.490).  

Outcome 
Whole group 

(n=196) 
Intervention 
group (n=98) 

Control group 
(n=98) 

p value 

Primary Outcome     

Uptake of PR within 28 days 
(n (%)) 

73 (37) 33 (34) 40 (41) 0.370 

Secondary Outcomes     

Referral to PR received 
within 28 days of hospital 
discharge (n (%)) 

138 (70) 70 (71) 68 (69) 0.754 

Completion: Proportion of 
those taking up PR who 
complete PR (n (%)) 

38 (52) 15 (46) 23 (58) 0.305 

Adherence: PR sessions 
completed by those taking 
up PR 

9 (6) 8 (6) 10 (6) 0.268  

Uptake of PR within 12 
weeks (n (%)) 

107 (55) 52 (53) 55 (56) 0.911 

Change in CAT from 
discharge to 12 weeks 

-3.6 (7.6) -2.9 (7.7) -4.3 (7.4) 0.212 

Change in 4MGS from 
discharge to 12 weeks (m/s) 

0.24 (0.26) 0.25 (0.26) 0.23 (0.26) 0.568 
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Figure 3.10. Kaplan-Meier curve demonstrating uptake of pulmonary rehabilitation within 28 days of 
discharge after hospitalisation for an acute exacerbation of COPD according to group allocation.  
Reprinted with permission of the American Thoracic Society, copyright © 2020 American Thoracic 
Society. All rights reserved. Barker et al, 2020, Am J Respir Crit Care Med Vol 201, Iss 12, pp 1517–
1524. The American Journal of Respiratory and Critical Care Medicine is an official journal of the 
American Thoracic Society. 
 

 

3.5.3 PR referral, adherence and completion rates 

Table 3.4 summarises the results of the secondary outcomes (PR referral, completion and adherence 

rates) for the whole group and according to group allocation.  Overall referral rate was 70%, with no 

difference in referral between the control (71%) and intervention (69%) groups; p=0.754. For PR 

completion, again, there was no difference in completion between the control (58%) and intervention 

(46%) groups; p=0.305, with an overall completion rate of 52%. The adherence to PR for the whole 
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group was mean (SD) 9 (6) sessions, with no difference in adherence between the control and 

intervention groups (mean [SD]: 10 [6] and 8 [6] respectively, p=0.268).  

 

With regards to the timing of when the referrals to PR were generated, 135 of the 138 referrals 

recorded in this study originated on the day of hospital discharge at the time of bundle completion. 

Three referrals occurred after hospital discharge (range three to 18 days from hospital discharge) 

when the hospital respiratory team were asked to initiate referral by a participant. There were no 

direct patient self-referrals to PR. 

 

3.5.4 Change in Physical Performance and HRQoL 

There were clinically and statistically significant improvement in physical performance in both groups, 

with no between group differences (mean [SD] change in 4MGS: Intervention: 0.25 [0.26] m/s; 

Control: 0.23 [0.26] m/s, p=0.568) (Table 3.4). Similarly, although CAT improved in both groups, no 

between group differences were observed (mean [SD] change: Intervention: -2.94 [7.68]; Control: -

4.33 [7.38], p=0.212) (Table 3.4). There was also no significant difference in the natural recovery 

between those who completed PR compared to those who did not complete PR, irrespective of group 

allocation (mean [SD] change in 4MGS: completed PR: 0.32 [0.24]; did not complete PR: 0.22 [0.26], 

p=0.137, median [IQR] change in CAT: completed PR: -4 [-7, 0]; did not complete PR: -3 [-8, 1], p=817). 

These improvements seen in both groups, irrespective of PR completion, are likely to indicate natural 

recovery following a hospitalisation for an acute exacerbation. 
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3.5.5 Clinical safety  

There were no between group differences observed in the clinical safety endpoints. During the 12-

week follow-up period, the mortality rate was 2% and 1% for the control group and intervention 

groups respectively (p=1.000). All-cause readmission rates for the control and intervention groups 

were 15% and 22% respectively during the 12-week follow-up period (p=0.871), with no difference in 

all-cause or respiratory-cause acute hospital bed days.  

 

3.5.6 Sensitivity analysis 

Of the 196 participants randomised, 95 (48%) had no previous PR experience before recruitment to 

the study (termed PR-naïve). Table 3.5 included the baseline characteristics for all the PR-naïve 

participants, and according to group allocation. 41% of the PR-naive participants were male, with a 

mean (SD) age of 69 (10) years and a normal BMI (mean [SD]: 26.7 [7.1] kg/m2). At baseline, the PR-

naïve participants had (median [IQR]) severe airway obstruction (FEV1 33 [25, 43] percent predicted) 

and significant respiratory disability (MRC dyspnoea score of 4 [3, 5]). There were no differences in 

the baseline characteristics of the PR-naïve participants between the intervention and control groups 

(Table 3.5).  
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 Table 3.5. Baseline characteristics for all PR-naïve and according to group allocation 

Data reported as mean (SD) or median (25th centile, 75th centile) unless stated otherwise; Independent 
T-Test (or Mann-Whitney for non-normally distributed data) or Chi-Squared test was used to compare 
groups.  
Abbreviations: 4MGS: four metre gait speed; BMI: body mass index; FEV1: forced expiratory volume in 
one second; FVC: forced vital capacity; kg: kilograms; m: metres; MRC: Medical Research Council; m/s: 
metres per second; PR: pulmonary rehabilitation. 
 

 

Similar to the overall study population data, the intervention had no effect on the primary outcome 

(uptake of post-hospitalisation PR) in PR-naïve participants (uptake rate for all PR-naïve participants,  

Variable 
All PR-naïve 

(n=95) 

PR-naïve 
intervention group 

(n=48) 

PR-naïve control 
group (n=47) 

p value 

Male (n (%)) 39 (41) 21 (44) 18 (38) 0.589 

Age (years) 69 (10) 71 (10) 67 (11) 0.053 

FEV1/FVC 0.54 (0.17) 0.54 (0.16) 0.54 (0.17) 0.696 

FEV1
 (% predicted)  33 (25, 43) 33.5 (27, 43) 32 (25, 42) 0.739 

MRC score  4 (3, 5) 4 (4, 5) 4 (3, 5) 0.971 

BMI (kg/m2) 26.7 (7.1) 26.1 (6.6) 27.3 (7.6) 0.599 

Index of multiple 
deprivation  

15611 (7430) 15981 (7235) 15233 (7684) 0.626 

Smoking status: 
never/former/current (n 
(%)) 

2 (2) / 29 (31) /  
64 (67) 

0 (0) / 13 (27) / 
35 (73) 

2 (4) / 16 (34) /  
29 (62) 

0.239 

Pack year history (years) 40 (25, 60) 40 (20, 54) 42.5 (28, 68) 0.350 

Charlson Comorbidity 
Index 

1 (1, 2) 1 (1, 2) 2 (1, 2) 0.459 

Self-reported all-cause 
hospital admissions in 
previous year 

1 (0, 2) 1 (0, 2) 1 (0, 2) 0.968 

Self-reported courses of 
antibiotics in previous 
year 

2 (1, 5) 2 (1, 3) 2 (1, 6) 0.297 

Self-reported courses of 
steroids in previous year  

2 (0, 3) 1 (0, 3) 2 (0.5, 5) 0.225 

Home oxygen required at 
hospital discharge (n (%)) 

4 (4) 3 (6) 1 (2) 0.334 

Acute non-invasive 
ventilation during 
admission (n (%)) 

9 (10) 4 (8) 5 (11) 0.676 

Walking aid required on 
admission (n (%)) 

27 (28) 10 (21) 17 (36) 0.098 

Own transport (n (%)) 29 (31) 16 (33) 13 (28) 0.548 

Living alone (n (%)) 43 (45) 21 (43) 22 (47) 0.765 

Hospital length of stay 
(days)  

3 (2, 7) 4 (2, 7) 3 (1, 5) 0.323 

4MGS: <0.60 m/s (n (%)) 43 (45) 20 (42) 23 (49) 0.477 

COPD Assessment Test 23 (8) 22 (8) 25 (7) 0.060 
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PR-naïve control group and PR-naive intervention group: 34%, 32% and 35%; p=0.347) (Table 3.6). The 

overall referral, completion and adherence to post-hospitalisation PR for PR-naïve participants were 

63%, 47% and mean (SD) 9 (6) sessions respectively (Table 3.6). The intervention had no effect on the 

secondary outcomes, with no between group differences observed between the control and 

intervention groups (Table 3.6). 

 

Table 3.6. Referral rate, uptake, completion and adherence to early PR for all PR-naïve and according 
to group allocation 

Outcome 
All PR-naïve 

(n=95) 

PR-naïve 
intervention 
group (n=48) 

PR-naïve 
control group 

(n=47) 
p value 

Primary Outcome     

Uptake of PR within 28 days 
(n (%)) 

32 (34) 17 (35) 15 (32) 0.347 

Secondary Outcomes     

Referral to PR received 
within 28 days of hospital 
discharge (n (%)) 

60 (63) 28 (58) 32 (68) 0.325 

Completion: Proportion of 
those taking up PR who 
complete PR (n (%)) 

15 (47) 8 (47) 7 (47) 0.804 

Adherence: PR sessions 
completed by those taking 
up PR 

9 (6) 10 (6) 8 (6) 0.805 

Uptake of PR 12 weeks (n 
(%)) 

45 (47) 21 (44) 24 (50) 0.616 

Change in CAT from 
discharge to 12 weeks 

-3.2 (7.5) -2.4 (8.6) -3.9 (6.1) 0.320 

Change in 4MGS from 
discharge to 12 weeks (m/s) 

0.24 (0.27) 0.27 (0.28) 0.20 (0.26) 0.227 

Data reported as mean (SD) unless stated otherwise. Independent T-Test or Chi-Squared Test were 
used to compare groups.  
Abbreviations: 4MGS: four metre gait speed; CAT: COPD Assessment Test; PR: pulmonary 
rehabilitation. 
 

 

There were clinically and statistically significant improvements in 4MGS and CAT in both groups for 

the PR-naïve participants, with no significant between group differences (Table 3.6). As indicated 
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previously, these improvements may represent natural recovery following a hospitalisation for an 

acute exacerbation.  

 

There were no between group differences observed in the clinical safety endpoints for the PR-naïve 

participants. During the 12-week follow-up period, the mortality rate was 1% for both the control 

group and intervention groups (p=1.000). All-cause readmission rates for the control and intervention 

groups were 30% and 27% respectively during the 12-week follow-up period (p=0.921), with no 

difference in all-cause or respiratory-cause acute hospital bed days.  

 

3.5.7 Post-hoc analysis 

Additional post-hoc analysis was completed to determine patient factors associated with PR uptake 

and treatment effect in subgroups. Table 3.7 shows univariate and multivariate analysis of factors, 

selected based on biological plausibility, associated with PR uptake in those referred for PR. Increasing 

age was associated with increased PR uptake, whilst hospital length of stay ≥ 8 days was associated 

with reduced PR uptake. No other patient factors were associated with uptake, including sex, FEV1 

percent predicted, MRC dyspnoea score, index of multiple deprivation, admissions in the preceding 

year, oxygen use, own transport, previous PR experience, 4MGS or CAT score. Smoking status was not 

calculated in the model due to insufficient never smokers, which was the group of reference. Further 

post-hoc sensitivity analyses were performed in two specific subgroups. These were those patients 

under the age of 70 and those with a hospital stay of ≥ 8 days. The subgroups were selected as they 

were factors associated with reduced PR uptake in the multivariate analysis. From this post-hoc 

analysis, the intervention had no effect upon PR uptake in these subgroups (Table 3.8).  
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Table 3.7. Logistic regression for predictors of uptakeof early PR following hospitalisation for an 
acute exacerbation of COPD  

Variables 

Uptake (n=138)  
 

Univariate analysis* Multivariate analysis* 

OR  
(95% CI) 

p value 
Adjusted OR  

(95% CI) 
p value 

Sex (ref cat: 
female) 

0.828 (0.423, 1.619) 0.581 - - 

Age  1.029 (0.997, 1.062) 0.077 1.045 (1.009, 1.082) 0.014+ 

FEV1 % predicted 1.006 (0.986, 1.027) 0.537 - - 

MRC 
score 
(ref cat: 
MRC 5) 

2 1.631 (0.591, 4.500) 0.345 - - 

3 1.129 (0.438, 2.914) 0.801 - - 

4 
0.612 (0.255, 1.465) 0.270 - - 

Index of multiple 
deprivation  

1.000 (1.000, 1.000) 0.620 - - 

Self-reported all-
cause hospital 
admissions in 
previous year 

0.928 (0.809, 1.064) 0.285 - - 

Oxygen required 
during hospital 
admission (ref cat: 
no) 

0.952 (0.463, 1.957) 0.894 - - 

Own transport (ref 
cat: yes) 

0.885 (0.443, 1.765) 0.730 - - 

Hospital 
length 
of stay 
(ref cat: 
0 to 1 
days)  

2 to 3 
days 

0.605 (0.241, 1.521) 0.286 0.649 (0.248, 1.697) 0.378 

4 to 7 
days 

0.472 (0.181, 1.232) 0.125 0.472 (0.175, 1.274) 0.138 

≥ 8 
days 

0.281 (0.096, 0.821) 0.020+ 0.202 (0.064, 0.633) 0.006+ 

Previous 
experience of PR 
(ref cat: yes) 

1.031 (0.525, 2.024) 0.928 - - 

4MGS (ref cat: 
<0.60 m/s) 

0.950 (0.485, 1.864) 0.882 - - 

CAT§ 0.987 (0.944, 1.032) 0.574 - - 

*All variables were included in the multivariable analysis; enter method was used for the univariate 
analysis; backwards selection procedure was used for the multivariate analysis, with variables 
excluded from the multivariate model if p value <0.16; final multivariate model reported; smoking 
status not able to be calculated due to low numbers in the never smoker group; +p=<0.05. 
Abbreviations: 4MGS: four metre gait speed; CAT: COPD Assessment Test; CI: confidence interval; FEV1

: 

forced expiratory volume in one second; m: metres; MRC: Medical Research Council dyspnoea scale; 
m/s: metres per second; OR: odds ratio; PR: pulmonary rehabilitation; s: seconds. 
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Table 3.8. Subgroup analyses for factors associated with reduced PR uptake from logistic 
multivariate analysis 

Outcome Intervention Control p value 

Patients aged <70 years    

Uptake of PR within 28 days  14 (42) 17 (50) 0.627 

Referral to PR received within 28 days of 
hospital discharge  

33 (77) 34 (71) 0.635 

Length of stay ≥ 8 days    

Uptake of PR within 28 days  5 (36) 4 (36) 1.000 

Referral to PR received within 28 days of 
hospital discharge  

14 (74) 11 (73) 0.877 

Data reported as n (%) for all variables. Chi-Squared Test was used to compare groups.  
Abbreviations: PR: pulmonary rehabilitation. 
 

 

3.6 QUALITATIVE RESULTS 

Of the 15 participants in the intervention group who took part in qualitative interviews, eight 

participants did not take up PR, with six of the seven interviewees who did take up PR completing the 

programme. Six of those interviewed did not recall previously seeing the video. Four of these six 

interviewees did take up PR (three completing the programme), and the remaining two declined 

referrals to PR. None of the interviewed participants reported using the weblink to access the video 

after hospital discharge. The findings from the interviews are presented as a narrative summary with 

supporting indicative anonymised quotes. 

 

3.6.1 Perceptions of the method  

Participants who did recall viewing the video thought it was well-presented, a good length and that 

the information provided was clear. Most participants thought it was an effective method of delivery:  
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“I think it’s a good combination with the iPad, because you’ve got somebody they’re sitting 

with you, where if you’ve got any questions you can ask at the time. And you interact with that 

person.” [P06, male, aged 69, decliner] 

Some participants also reported preference of the video to a leaflet or verbal information to allow 

them to retain more information:  

“Because you can see it in greater detail….. I mean a piece of paper like that; you can read it; 

certain things will sink in but not all of it. Whereas if you watch a video it's going into greater 

detail and you can actually see what it involves, rather than a piece of paper. A video stays in 

your head. You can see the exercises. Piece of paper doesn’t.” [P13, female, aged 62, 

completer] 

Moreover, despite one participant who was partially deaf stating he usually liked leaflets better 

because of his hearing problems, he also reported that he liked being able to see the patients in the 

video. 

 

Participants also liked that patients were talking about PR, not just health care professionals:  

“It’s harder for them [Healthcare professionals] to explain what other people experience. So, 

the video’s a good idea, because you can tell from the patients themselves what they got out 

of it.” [P06, male, aged 69, decliner] 

 

All participants stated that they found the information delivered by a physiotherapist in the video easy 

to understand and the explanation about PR was clear:  

“I thought the way they [the physiotherapist] were talking about it didn't make it complicated. 

You could pick it up very easy” [P14, female, aged 69, completer] 

“Yes, I thought even when that lady [physiotherapist] was explaining it, she made it as if you 

could pick it up quick. She wasn't being hurried in her conversation. She was taking it all slowly 

and it could sink in.” [P07, female, aged 91, decliner] 
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Six participants could not remember seeing the video in hospital or they could not recall the content 

as they felt too ill or overwhelmed:  

“I remember watching a video, but I couldn’t really remember what it was about” [P11, female, 

aged 63, completer] 

However, those who could not remember being shown the video in hospital, or could not remember 

the specific content within the video, thought it was a good method of delivery and suitable content 

when shown the video before their research interview.  

 

The topic guide also briefly probed participants about accessing the video using the weblink. None of 

the participants reported accessing the video via the link provided. However as this was largely 

intended for the benefit of carers, in-depth specific questions were not included. As such, reasons for 

not accessing the weblink, and levels of digital literacy, were not fully explored in the qualitative 

interviews. 

 

3.6.2 Impact of video perceptions and understanding of PR 

Most participants stated it was helpful to see patients with lung conditions in the video talking about 

their experiences and the benefits of rehabilitation:  

“Because I know how she feels because I felt exactly the same as she did.” [P13, female, aged 

62, completer] 

 “They [potential PR patients] would, sort of, resonate more with a real person. It would mean 

more, you know. Otherwise they're just somebody reading a script. They seem that they are 

kosher, didn’t they?” [P08, male, aged 79, completer]   

One participant reported it aided her understanding of the type of exercise to anticipate from PR:  
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“Well it gives people, as you said, the understanding and knowledge of, they’re not going to 

pull you about, they’re not going to make you run a mile and all that sort of thing” [P12, female, 

aged 70, decliner]  

 

Seven participants had no prior understanding about PR:  

“So the video showed me you know, what it was about. It is useful, it made it clear what was 

about to happen.” [P04, male, aged 51, completer]  

 

One participant reported she learned some information about PR from the video, with additional 

information about PR being obtained when she attended the programme:  

“No, I got the full information when I did the actual exercises” [P14, female, aged 69, 

completer] 

The same participant also said listening to the patients on the video gave her hope:  

“Yes, you knew that was coming from the heart exactly, you know. They [patients on video] 

were quite pleased with how they had progressed. So, it gave you some hope.” [P14, female, 

aged 69, completer] 

 

3.6.3 Proposed strategies to enhance the video intervention 

Views were mixed regarding the timing of the delivery of the video. Some participants thought it was 

the right time to show the video (just before discharge from hospital):  

“I think you’ve got to get people whilst they’re in hospital and I think the initial video is the 

right way to do it.” [P10, female, aged 52, decliner]  

Other participants thought that showing the video in hospital was not the best time because patients 

might be too ill or tired:  
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“What I remember of it… I mean I was in a tiswas at the time as well... You got to be back on 

your feet to fully digest what’s going on” [P08, male, aged 79, decliner] 

 

Suggestions for improvements to the video content were elicited from the interviews. Firstly, two 

participants thought there should be patients who were ‘sicker’ in the video as the patients looked 

too well, for example including an oxygen user:  

“Just put one of those people that have those oxygen things on. That would help other people 

who are going to watch this video.” [P02, male, aged 46, decliner] 

A second suggestion was to include younger patients:  

“All people of all ages get the condition, but it appeared that only the older people had it. So, 

it would have been nice to have had a younger person in there.” [P10, female, aged 52, 

decliner] 

Thirdly, one participant thought emphasising social aspects of attending a PR programme were 

important:  

“Well it also helps you to meet other people with the same condition as you got. There’s a lot 

of people who got COPD or whatever, are quite lonely. Because they don’t go out, they don’t 

meet people.  Well anyone who’s not well, so it’s that as well.  Knowing you’re not the only 

one.” [P12, female, aged 70, decliner] 

 

In terms of delivery method, one participant was partially deaf and although he could hear most of 

the video with the sound up, he suggested subtitles aided him whilst watching the video:  

“Just get subtitles in, yeah” [P08, male, aged 79, completer]  

 

Another suggestion was to show a greater variety of exercise equipment:  
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“The only thing on that DVD was the one exercise I didn’t like was the two-handle thing. But 

you put me on those bikes and those treadmills and I’d go all day long on them. I started 

thinking it should be [on the video]” [P08, male, aged 80, decliner] 

This included the simpler equipment used in community settings:  

“I think it might have appeared it’s the gym or nothing but the exercises that I saw them doing 

scared me. Yes, I find that a bit scary oh gosh. Is it doable? Yes, they’ll tailor make the exercises 

but they all look like they have to be doing that [the gym machines] so maybe more informative 

about more the gentler, more gently exercises perhaps” [P10, female, aged 52 years, decliner] 

“With the video was, as I said, about the equipment. It surprised me there wasn't none where 

I went [community rehab]. But it helped me actually. I thought, I can't do all them machines. 

So, it was easier, you know” [P14, female, aged 69, completer] 

 

Finally, it was highlighted that the video could show the other elements of the exercise programme:  

“I think if they did a little piece on there where you're actually doing the warm up and then the 

exercise and then the cool down. They can't transport all that [gym] equipment [for the 

community programme]” [P14, female, aged 69, completer]. 

 

Only one participant thought the video should be longer to allow it to impart more information:  

“It should be 15 minutes. You should put more knowledge in there. What it can do for you. How 

to help yourself out.” [P05, male, aged 62, completer] 

 

3.6.4 Experiences of post-hospitalisation PR 

For the six participants who attended PR, their first thoughts were to try it out:  

“I thought they want you to do this, you might as well take it, you’re not going to lose anything. 

You know I thought after a few weeks I’d just stop coming anyway, if I’m honest. So, I thought 

it’s worth giving a try” [P04, male, aged 51, completer] 
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They all thought the assessment process was good with no negative comments. The exercise sessions 

were also seen as good by most participants who attended rehab:  

“Yes, they were good [exercise sessions]. You were doing different things and obviously if 

somebody [the physiotherapist] saw you weren't doing it right, that's not the right way, do it 

this way. But it was always done in a fun way.” [P06, female, aged 69, completer] 

The exception was one participant who stopped going to PR after six sessions because she did not like 

the treadmill:  

“The only thing that annoyed me was the treadmill sort of thing because he [the 

physiotherapist] would put me on that every time we had to do the exercises and the treadmill 

was literally taking my breath away and my oxygen was getting really low.” [P15, female, aged 

62, stopper] 

 

Education sessions were also well evaluated, with sessions on breathing exercises and inhaler 

medication seen as the most valuable. However, one participant who was partially deaf, said he could 

not hear most of the education session presentations. He said he did not want to tell the healthcare 

professionals even though he could not hear all of the lectures:  

“The PowerPoint, there was no problem at all. It was only when they decided to launch into a 

lecture. Some I could hear, but there was a girl, she was there to tell you about benefits [of PR] 

and things like that. I couldn’t hear her at all.” [P06, male, aged 69, completer] 

 

When asked about the benefits of PR, all the participants said they felt fitter since doing the course 

and they could do more:  

“I felt better, I felt fitter. I wasn’t getting as out of breath as I used to. It’s taught me things… 

the actual programme I think was very good for me.” [P04, male, aged 51, completer]  

Another participant said she can now do more housework than before:  
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“I can go around, do the housework what needs doing, what... Any household things, yes.” 

[P14, female, aged 69, completer]  

 

One participant reported the best thing about PR was that it gave him encouragement to keep 

exercising at a gym after the programme had finished, whilst another participant thought that learning 

more about her condition during PR was the best thing for she took away from attending the PR 

programme. 

 

3.6.5 Reasons for declining post-hospitalisation PR 

Of the eight interviewed participants who declined to take up PR, three could not attend as they stated 

they were too unwell or had other significant co-morbidities: 

“But I couldn't do nothing like that now. No dear, oh no, I couldn't do that.” [P07, female, aged 

91, decliner]  

“I declined because I’ve got other health issues at the moment. So, that’s why I declined 

because I couldn’t guarantee that I’d be there week in week out.” [P10, female, aged 52, 

decliner] 

 Two participants declined because they thought they were doing enough exercise already:  

“So, people would come to see me, they were quite happy with what I was doing. With the 

walking I was doing.” [P08, male, aged 79, decliner] 

For the three remaining participants who did not take up PR, one was still working and the times did 

not suit, one could not attend as his wife was unwell, and the other stated they didn’t have transport 

and it was too far to travel.  
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In terms of barriers to PR once attending a programme, one participant reported the car parking at a 

hospital site being a barrier, whilst another participant stated taking time off work to have to attend 

was problematic. Finally, one participant who initially started PR reported she dropped out as she did 

not enjoy using the gym equipment as part of the programme.  

 

3.7 DISCUSSION 

In this assessor- and statistician- blinded, randomised controlled trial, a co-designed education video 

intervention shown on the day of hospital discharge had no effect upon patient uptake of post-

hospitalisation PR. Furthermore, the intervention did not increase referral, adherence or completion 

rates. From the convergent qualitative interviews embedded within this mixed methods trial, a 

significant proportion of the patients interviewed were unable to recall watching the video at hospital 

discharge (suggesting the timing was inappropriate for some). Nonetheless, participants revealed 

positive feedback regarding the co-designed education video content and delivery method. 

Furthermore, participants made suggestions for improvements to further refine the intervention.  

 

3.7.1 Comparisons to previous studies  

Observational studies have consistently shown low patient uptake and completion. Jones et al. 

demonstrated that very few patients were referred for early PR post-acute exacerbation of COPD, 

with less than 10% of eligible patients completing the programme following a hospital admission for 

an exacerbation (52). An analysis of Medicare beneficiaries showed that only 4225 (1.9%) of 223,832 

individuals hospitalised with acute exacerbation of COPD in 2012 received PR within six months of the 

index hospital admission (159). In a retrospective analysis of Veterans Health Administration and 

Medicare data of patients hospitalized with COPD between 2007 - 2011, only 1.5 – 2% were revealed 

to have attended at least one session of PR (159).  
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Despite the problematic clinical implementation being well-documented internationally, there have 

been surprisingly few studies that have tried to address this implementation gap. In a systematic 

review of the available evidence on interventions for increasing uptake and completion of PR, Jones 

et al. were only able to identify one quasi-randomized controlled trial. This study was assessed to be 

at high risk of bias (59). Furthermore, it was undertaken in stable COPD as opposed to the population 

of interest in this study (post-hospitalised AECOPD) (59). In a subsequent systematic review, that was 

not limited to RCTs, Early and colleagues were able to identify five studies that included uptake of PR 

as an outcome (60). However uptake of PR was not the primary outcome in any of these studies, and 

they were all conducted in primary care or outpatient settings (60). Finally, of the five studies 

identified by Early et al., many were at high risk of bias due to study design (for example, uncontrolled 

and controlled before and after studies) (60). Therefore, this current study is unique in being the first 

RCT of an intervention designed to improve patient uptake of PR.  

 

There were several possible reasons why no increase in PR uptake in the video intervention group was 

seen. The video was provided without additional counselling as the intervention was designed to be 

low cost, easily implementable, and not burdensome on healthcare professional time. Previous 

studies that have used device-based interventions with minimal counselling have also been 

unsuccessful in changing the behaviour of patients with COPD (160). With hindsight, a greater focus 

on behavioural aspects, for example with health coaching (161) or a behaviour change model (162), 

or the video content itself being developed based upon the domains which influence behaviour 

change (122), may have enhanced the benefits of showing the video. For example, as suggested by 

patients, including patients on oxygen may have dealt with issues with modelling. 
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The involvement of key stakeholders in the design of the intervention may have provided vital 

education for the healthcare professional responsible for referrals by improving their knowledge 

regarding PR, with a positive knock-on effect upon referral rates in both control and intervention 

groups. Evidence to support this was the observation that overall referral (70%) and uptake (34%) 

rates in this study compared favourably with previous data collected from the same setting; Jones et 

al. observed PR referral and uptake rates of 31% and 24% respectively despite consistent delivery of 

a COPD discharge bundle. The results from Chapter 2 corroborate this observation.  Nonetheless, this 

does suggest one possible intervention which may warrant further investigation is the provision of 

more comprehensive training on the components of a COPD discharge bundle to all healthcare 

professionals involved in provision at hospital discharge.  

 

Third, the high PR referral rates in both control and intervention settings may reflect the so-called 

“Hawthorne effect” (163). In other words, the healthcare professionals responsible for referring to PR 

may have modified their behaviour in response to being observed during the trial. Evidence to support 

this include the significantly higher referral rates observed in this trial compared with the real-world 

observational study described in Chapter 2 of this thesis. Provision of regular feedback to healthcare 

professionals, and benchmarking against their previous achievements, may be another strategy which 

could merit further investigation to determine whether formal monitoring of performance improves 

referral and uptakes rates to post-hospitalisation PR.  

 

Fourth, the barriers to post-hospitalisation PR uptake are complex (54), and the simple intervention 

tested in this trial may not have been able to address all the potential barriers. More comprehensive, 

and likely more expensive and time-consuming, interventions may therefore be required to fully 

address the plethora of barriers to post-hospitalisation PR. As previously intimated, this could be 

combining a video with health coaching or motivational interviewing. Alternatively, it could involve 



144 
 

more radical strategies such as a service redesign to address patient transport and travel barriers to 

accessibility.   

 

Fifth, significant improvements in physical performance and HRQoL were observed in both 

intervention and control groups, likely to reflect natural recovery from an exacerbation requiring 

hospitalisation, as observed in other trials (164). This recovery may have influenced the decision of 

participants to take up PR. Further research is needed to explore the optimal timing of a post-

hospitalisation PR programme.  

 

Finally, the qualitative component of the study highlighted that a proportion of the intervention group 

(six of fifteen of those interviewed) had no recall of seeing the video at hospital discharge. A previous 

observational study showed that 57% of patients awaiting discharge following an exacerbation had 

cognitive impairment, with 20% considered to have pathologic impairment of processing speed (165). 

Cognitive impairment was not formally assessed in this study and so it is unclear whether this 

impacted on the lack of efficacy of the intervention. This adds to the aforementioned suggestion that 

delivering the video intervention at a later date (for example later in post-discharge period rather than 

on day of hospital discharge), or adding health coaching or motivational interviewing, requires further 

evaluation.  

 

Although an increase in uptake, referral, adherence or completion rates was not demonstrated, this 

patient co-designed intervention may have value in other settings or for other purposes, particularly 

given the intervention is cheap, easily implementable and not associated with any known adverse 

effects. Further studies could investigate the value of the video in facilitating the implementation and 
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delivery of COPD discharge bundles, or as part of a more comprehensive behavioural intervention 

designed to educate patients.   

 

3.7.2 Strengths  

A strength of this study was that this was the first RCT to test an intervention designed with the 

primary intention to increase uptake of PR in the post-exacerbation setting. The trial was adequately 

powered, with an intention to treat analysis, and all participants randomised to the intervention group 

received the treatment as intended at hospital discharge. Both control and intervention groups 

received best standard care, including the provision of a COPD discharge bundle (126) which included 

an information leaflet about post-hospitalisation PR. Previous studies have observed that effective 

and consistent delivery of a COPD discharge bundle is associated with an increase in PR referrals (126), 

however acknowledging the difficulty of consistent delivery is required (76). The outcome assessors 

were blinded, as was the statistician and researcher undertaking analysis, who were blinded to group 

allocation throughout the data analysis process. This successful implementation of robust strategies 

to maintain blinding reduced the biases introduced during treatments and outcome assessments, and 

in turn lessen the likelihood of the study findings being biased estimates of treatment effect (166). In 

addition, the trial included a qualitative element which identified potential refinements to the 

intervention content and timing of delivery.  

 

A further strength relates to the intervention being co-designed by key stakeholders, including 

patients who had previously experienced an acute exacerbation of COPD requiring hospitalisation, as 

well as healthcare professionals. An EBCD approach was adopted to develop the intervention (135). 

This approach has been previously used in a range of clinical settings in the NHS (167), including PR 

(74). As a result, this ensured the intervention tested in trial was designed using an established 
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methodology and based upon consensus decisions made by the key stakeholders to ensure essential 

information was included.  

 

The interviews explored patient perspectives of the video, with participants reporting positive 

feedback on the intervention. They commented that the video was delivered using effective method, 

and that it was well presented, a good length and the information provided was clear. Participants felt 

the information delivered from multiple perspectives was important, and that the video enhanced 

their understanding of what to anticipate from a PR programme. They also provided vital suggestions 

regarding strategies to improve the video. As a result, the convergent qualitative interviews within 

this study added depth and understanding to the quantitative findings from the RCT (158). 

 

Finally, living within catchment area of Harefield PR programme was a trial inclusion criterion. This 

was to ensure that all PR referrals and assessments were managed centrally at Harefield Hospital by 

the Harefield PR Unit. Therefore, collection of referral, uptake, adherence and completion data 

required interrogation of a single database only, which is known to be well maintained and have data 

recorded systematically and in real time.  

 

3.7.3 Limitations 

This was a single-centre study, using a specific video in a particular setting. Therefore, as suggested 

above, these results do not preclude the success of future video interventions that might be developed 

for other settings, delivered at different stages of the patient pathway, or as part of a more 

comprehensive intervention.  
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A significant proportion of eligible patients declined consent to the research study. This reflects the 

difficulties of recruiting acutely unwell, hospitalised patients into research studies, as reported in 

previous trials (45). Therefore, a potential limitation of the study is the generalisability of the trial 

population.  

 

The reason for non-uptake were also not comprehensively collected from the trial participants. 

However, reasons for declining PR were explored with the participants interviewed as part of the 

embedded qualitative interviews which found a breadth of reasons for non-referral and non-uptake 

including feeling too unwell, having other significant co-morbidities or an unwell partner, perception 

of doing enough exercise already, still working and lack of own transport (158). 

 

It was also observed that a proportion of participants did not attend the face-to-face visit at three 

months. This shows the unwillingness of this population to attend an appointment, even with the 

provision of free, door to door transport. This corroborates the findings by Eaton and colleagues that 

provision of transport is unlikely to resolve low completion rates  alone (58).  

 

Despite the pre-planned sensitively analysis of the PR-naïve participants being undertaken, additional 

post-hoc analysis beyond the statistical analysis plan was completed. This was in response to 

reviewers’ comments to the manuscript submitted for publication to the American Journal of 

Respiratory and Critical Care Medicine. One reviewer asked whether there were any patient factors 

associated with PR uptake, with another interested in whether there was presence of a sub-group of 

participants who the intervention may be effective with. Despite this posteriori testing increasing type 

one error risk, it can be justified as this post-hoc analysis addressed practical questions related to the 

trial intervention, and was undertaken only in sub-groups who may have a substantially different 
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treatment response (168). As such, trends from the logistic regression have been interpreted in order 

to add depth to the pre-planned quantitative analysis (168). 

 

3.8 CONCLUSION 

In summary, this assessor- and statistician- blinded RCT with convergent qualitative interviews 

demonstrated that a patient co-designed education video shown on the day of hospital discharge had 

no effect upon patient uptake of post-hospitalisation PR, nor on referral, adherence or completion 

rates. Nonetheless, participants’ experiences of the video intervention were positive, and as such do 

not preclude the success of future video interventions, or application of the intervention in other 

settings. Further interventional trials are required to address the low uptake rates of post-

hospitalisation PR.  

 

In Chapters 2 and 3, the PR programme has been delivered as a traditional outpatient centre-based 

model, which is the standard of care in the UK. However, data from both studies demonstrate that 

there are suboptimal patient uptake rates, suggesting that the current PR model might not be 

acceptable to some patients. For subsequent chapters, the focus will switch to exploring the possibility 

of a home-based model of post-hospitalisation PR. 
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Chapter 4: Intervention development Stage 1: Home-based 

exercise training for patients following hospitalisation for 

acute exacerbation of COPD – a mixed methods systematic 

review 

 

Some of the results from this chapter have previously been reported in a conference abstract 

presented at the European Respiratory Society Virtual International Conference 2020 (169). These 

results are reprinted with permission of the European Respiratory Society and with permission of the 

authors, copyright © 2020 European Respiratory Society. All rights reserved.  

 

4.1 BACKGROUND  

Uptake of traditional outpatient-based pulmonary rehabilitation (PR) is low following hospitalisation 

for an acute exacerbation of chronic obstructive pulmonary disease (AECOPD) (107). To date, no 

interventions, including a co-designed education video (the results of which are presented in the 

previous chapter of this thesis) (123) have been shown to increase uptake in this population (59, 60). 

As a result, alternative models of PR, such as delivery in the home setting, have been proposed to 

address accessibility issues (133). 

 

Although home-based PR has yet to be rigorously tested in the  post-exacerbation setting, there is 

some evidence from randomised trials of patients with stable COPD to suggest this delivery strategy 

may be non-inferior to the current gold-standard model for delivery (79-81). Nonetheless, the trials 
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conducted in stable COPD have employed different strategies (face-to-face, web-based, telephone 

support, video telerehabilitation). The only known study which has investigated home-base exercise 

training in the post-exacerbation setting tested an intervention which was delivered  face-to-face (47). 

Murphy and colleagues sought to utilise the well-established, widely-adopted HaH model of care (94), 

and expand its remit to be inclusive of exercise training. However, this trial was a pilot study (n=13 per 

arm) and only provides signals towards feasibility, acceptability and clinical benefits of such an 

intervention post-hospitalisation. The optimal delivery method for home-based PR remains unknown 

for the post-exacerbation population.  

 

This chapter aims to synthesise the current evidence-base from multiple key stakeholder perspectives 

regarding home-based exercise training for this population. This will form the basis for the  

development of an intervention described in the next chapter (170).  

 

4.2 OBJECTIVE 

4.2.1 Intervention development objective 

The objective of the intervention development phase was to develop a home-based exercise training 

intervention as an adjunct to a standard HaH service post-hospitalisation for AECOPD. There were two 

stages undertaken to achieve this objective. This chapter reports the findings from the first stage, a 

mixed methods systematic review. 

 

4.2.2 Systematic review objectives 

The objectives of the mixed methods systematic review were to:  
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1. Outline feasibility of providing home-based exercise training interventions following AECOPD;  

2. Understand the experiences and acceptability of home-based exercise training to service 

users and providers; and  

3. Examine the clinical effects of home-based exercise training in relation to patient physical 

function, HRQoL, and health service utilisation. 

 

4.3 METHODS 

4.3.1 Design and registration 

This was a mixed methods systematic review. It was prospectively registered (International 

Prospective Register of Systematic Reviews [PROSPERO]: CRD42018104648) to increase the 

robustness and quality (171) and  reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-analysis (PRISMA) statement to aid reporting transparency and 

completeness (172). 

 

4.3.2 Types of evidence  

Randomised controlled trials (RCTs), non-randomised or quasi-experimental controlled trials, 

observational papers, case studies and qualitative studies were included. This broad range of study 

designs were retained as it was considered important to include papers that might assist in addressing 

the review objectives, despite the non-experimental study designs not constituting the best level of 

evidence (171). However, narrative reviews and other opinion papers such as letters to editors 

without new data were excluded.  
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4.3.3 Participants 

Adults, hospitalised with an AECOPD and subsequently provided with either HaH, supported discharge 

or home-based care following hospital discharge incorporating a home-based exercise training 

component, were included. In addition, papers which recruited family members, informal carers or 

healthcare professionals who had observed or delivered home-based exercise training for patients 

who met the criteria above were also included. Inclusion of papers which recruited a broad range of 

service users (patients, family members and informal carers) was considered important due to the 

deleterious effects of exacerbations not only on patients (17, 22), but also to family members and 

informal carers  (28, 30). Furthermore, care provider (healthcare professionals) perspectives were 

sought to comprehensively understand the practicability of implementing the intervention of interest 

(170, 173).  

 

4.3.4 Interventions 

In the absence of a formal definition, home-based exercise training was defined as a supervised or 

unsupervised programme, consisting of physical exercise training components (e.g. aerobic or 

resistance exercises) and delivered in the home setting. Both supervised and unsupervised 

programmes were included given the varying degrees of supervision in home-based programmes 

within trials in stable COPD (79-81) 

 

The rehabilitation programme could have commenced whilst participants were an inpatient provided 

that:  

1. Completion of some sessions in the home setting following hospital discharge was evident; 

and 
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2. The components of the exercise training provided in the home setting were distinguishable 

from other exercise training delivered within the paper. 

 

Papers were excluded when the home-based exercise training in the intervention group did not focus 

on physical exercise training or rehabilitation. For example, an intervention which delivered no 

exercise training in the home setting, with an intervention focussed around motivational interviewing, 

cognitive behavioural therapy or neuromuscular electrical stimulation. 

 

4.3.5 Comparators  

Eligible comparators were usual care, including home-based medically-focused or nurse-led 

interventions (e.g. nebulised medication) that did not include physical exercise training or exercise 

components of PR which met the intervention definition.  

 

4.3.6 Outcomes 

4.3.6.1 Feasibility 

Feasibly outcomes focused on home-based exercise training delivery and considerations required for 

a future research protocol which would test a home-based exercise training intervention. Outcomes 

related to feasibility included participant recruitment and retention rates, compliance and attrition, 

to cover common reasons for failure of efficacy trials (101). 
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4.3.6.2 Experiences and acceptability 

Experiences and acceptability outcomes were considered from multiple stakeholder perspectives, for 

example, using feedback and qualitative data. This included the service users (patients, family 

members and informal carers) as well as service providers (healthcare professionals) as acceptability 

is considered to be multi-factorial, and to be experienced from numerous, and potentially diverse, 

viewpoints (173).  

 

4.3.6.3 Clinical effectiveness 

Clinical effectiveness was considered in relation to physical function, HRQoL and health service 

utilisation. These were selected a priori as the latest Cochrane review for post-exacerbation PR 

demonstrated moderate to large effects on exercise capacity and HRQoL, as well as moderate 

evidence to suggest reduced risk of readmission (46). Therefore, these were considered the most 

clinically relevant outcomes which justified specific attention.  

 

4.3.7 Search strategy 

Five databases were searched from inception until July 2018, and then updated to March 

2021,(MEDLINE, EMBASE, CI-NAHL, AMED and PsycINFO) using terms informed by key phrases. These 

terms were piloted to ensure inclusivity and that the search was iterative in nature (172). The Boolean 

operators OR and AND were used within and across the exposure, population, setting, and additional 

search terms of interest. No language or publication status restrictions were imposed. Database 

searches were supplemented with forwards and backwards citation tracking. Screening of records was 

conducted using Endnote X7. The search strategy and terms used are shown below (Table 4.1).  
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Table 4.1. Search strategy employed in this review 
Electronic searches 
The following electronic databases were searched from their inception up to 19 July 2018: 

• MEDLINE 

• EMBASE 

• CI-NAHL 

• AMED 

• PsychINFO 

Search terms 
Search terms were informed by literature scoping for key phrases and piloted to ensure inclusivity. Final 
search terms used are included below.  
 

Concept 1: Exposure Concept 2: Population Concept 3: Setting Concept 4: Additional 

• Home-based 

• Home based 

• Home care* 

• Home monitor* 

• Home from 
hospital* 

• Hospital at home* 

• Hospital-at-home* 

• Community* 

• Early supported 
discharge 

• Discharge support 

• Integrated care 
 

• Pulmonary rehab* 

• Rehab* 

• Pulmonary* 
 

• Exercise* 

• Supervised 
exercise* 

• Structured* 

• Unsupervised 
exercise* 

• Training program* 
 

• Physical activit** 

• Activit* 
 

• Walk* 
 

• Physical therap* 

• Physiotherap* 

• Therap* 

• Chronic 
obstructive* 

• Pulmonary disease 

• Chronic obstructive 
pulmonary disease 

• COPD* 

• Emphysema  

• Chronic bronchitis 
 

• Family member* 

• Famil* 
 

• Carer* 

• Caregiver 

• Care-giver 

• Informal care* 
 

• Healthcare profess* 

• Staff* 

• Clinician* 
 

• Infective 
exacerbation 

• Acute exacerbation 

• Severe exacerbation 

• Exacerbation 

• Hospital admission 

• Hospitali* 

• Post-hospitali* 

• Admission 
 
 

• Qualitative* 

• Interview 

• Narrative 

• Assessment 
 

• Experienc* 

• Perspectiv* 

• Perception 

• Expectat* 

• Prefer* 

• Priori* 
 

• Concern 

• Burden  

• Impact  
 

• Patient reported*  

• Patient-reported* 

• PRO*  
 

• Person-centred* 
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4.3.8 Screening  

I completed the initial screening of titles and abstracts alongside a second independent reviewer. Any 

paper selected by either me or the second reviewer was included. The reason for exclusion was 

recorded. I undertook a second screening of potentially eligible full texts with the same second 

independent reviewer. Again, any paper selected by either me or the second reviewer was included, 

with reason for exclusion recorded. I checked reference lists of papers selected at the second 

screening to identify additional relevant papers. This has been reported to be a useful approach to 

elicit further related papers not found within a search strategy (174). The final selection of full papers 

was undertaken by me and the second independent reviewer. At each stage, a minimum of two 

reviewers assessed eligibility to reduce the risk of relevant papers being excluded (175). A third 

independent reviewer evaluated any papers where a difference of opinion occurred at the final 

selection stage (171). 

 

4.3.9 Data extraction, analysis and interpretation 

I extracted details regarding the design, intervention (frequency, intensity, type and time), 

comparator, participant characteristics, primary and secondary outcome measures, flow of paper 

participants and findings. Quantitative and qualitative results from papers were extracted, with 

information to augment data extraction obtained from primary, secondary and protocol papers 

(including grey literature), to address each objective according their related outcome measures. The 

segregation method was used in preference to an integrated method for the data extraction process 

(154, 176).  
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For the qualitative findings, particular focus was on similarities and differences between multiple 

stakeholder perspectives. This was considered important due to the inherently linked, but potentially 

divergent experiences, of these key stakeholders (177).  

 

The quantitative and qualitative data were integrated at the analysis stage following data extraction, 

using the four key stages of the Pillar Integration Process: listing, matching, checking, and pillar 

building (178). The integrated analysis is reported using a modified joint display table (178). 

 

During the interpretation phase of this review, when the quantitative and qualitative data were used 

to explore the same phenomenon, they were compared to ‘confirm’ or ‘refute’ each other (e.g. 

questionnaire scores and qualitative interview data on HRQoL). When differing constructs were 

explored in the quantitative and qualitative data, these data were used to ‘complement’ each other. 

‘Silence’ exists when an aspect of a phenomenon was only present in either quantitative or qualitative 

data set. Using this process of triangulation allowed further comparison beyond the joint display and 

a richer interpretation without undermining the integrity of the data by attempting to transform either 

the quantitative or qualitative data (179). 

 

4.3.10 Quality assessment process  

I assessed the quality of RCTs and non-RCTs using the Cochrane Collaboration risk-of-bias assessment 

tool (180) alongside a second independent reviewer. These were subsequently compared for 

between-assessor consistency. This was completed in Excel to compare the risk of bias reporting 

according to each parameter (1: Random sequence generation, 2: Allocation concealment, 3: Blinding 

of participants and personnel, 4: Blinding of outcome assessment, 5: Incomplete outcome data, 6: 

Selective Reporting, and 7: Other bias) as reported the same (yes / no). Discordant parameters were 
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discussed between the two assessors to determine consensus. Information to aid quality assessment 

was obtained from primary, secondary and protocol papers (including grey literature).  

  

4.4 RESULTS 

4.4.1 Outline of included papers 

From 1380 records identified and 17 full texts screened in the first search, 10 papers were eligible for 

inclusion (Figure 4.1). The included papers were published in the period from 2000 to 2018. The 

majority of papers were excluded as they were abstracts only, or they did not include the participants 

or intervention of interest defined a priori. The other reason for exclusion was due to the papers not 

meeting the type of evidence criteria, with editorials and letters to editors which did not include either 

quantitative or qualitative data excluded. From the updates search, of the 674 additional titles and 

abstracts retrieved, 12 potentially eligible full papers were screened, but no additional papers added. 

 

 Table 4.1 includes the details of the intervention (frequency, intensity, type and time), comparator, 

participant characteristics, outcome measures and flow of participants for the 10 papers included. 

Three papers were RCTs (47, 181, 182) and four were mixed methods trials (183-186). The remaining 

three papers included one case study (187), one Delphi study (188) and one quality improvement 

project (189). Five of the included papers were from the UK (47, 184-186, 189). The remaining papers 

were from Germany (181), Switzerland (182), Australia (183), Netherlands (190) and Canada (188). A 

narrative review is presented for the 10 eligible papers. Nine of the 10 papers contained data included 

in the quantitative synthesis (47, 181-186, 189, 190) though a lack of continuity in outcome measures 

and timing limited meta-analysis. Six of the 10 papers contributed data to the qualitative synthesis 

(183-186, 188, 189). All 10 papers contributed to the integrated synthesis (Figure 4.1).  
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Figure 4.1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram for this 
review 
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Table 4.2. Summary of included papers 

Paper Design Participants Intervention Comparator Outcomes and timepoints Attrition (reasons) 

Behnke, 
2000 (181) 

RCT Severe COPD 
following AE (n=46) 

Hospital-based (day 0-10): 
Walking (corridor / treadmill), 1-
5x/day, 75% max. 6MWD 
 

Home-based (6 months): 
Walking, 3x/day, 125% max. 6MWD 
 

Plus education and advice 

Education on breathing techniques  
 

Advice to exercise “without specific 
instructions” 

6MWD, CRQ 
 

Day 0 and 11, month 1-3 and 6 
post-discharge 
 

16/46 (35%) did not 
complete 
 

(6 lack of motivation, 
4 repeat AE, 4 co-
morbidity, 2 death) 
 

Murphy, 
2005 (47) 

RCT COPD following AE 
(n=30) 

Home-based (week 0-6): 
Resistance and aerobic exercises, 
2x/weekly, Borg 3-5 
 

Plus advice to complete 15 min. of 
exercise daily when intervention or 
usual care 

Usual care: 
Undefined  

ISW, 3MST, MVC (hand grip and 
quadriceps), SGRQ, EQ5D5L, 
HSU, unintended breaks 
>1minute 
 

Hospital discharge, week 6 and 
month 3 and 6 post-discharge 

4/30 (13%) did not 
complete  
 

(1 repeat AE, 1 car 
accident, 1 on 
holiday, 1 withdrew) 

Puhan, 
2006 (182) 

RCT Severe COPD (n=98, 
60% following AE) 

Hospital-based (weeks 0-3): 
Cycle ergometer, 12-15 sessions, 20 
min. interval training (50% max. 
capacity/20 secs, 10% max. 
capacity/40 secs)  
 

Home-based (weeks 4-5): 
Cycle ergometer (or walking / stair 
climbing), 1x/day, 20 min. 
 

Plus education  

Hospital-based (weeks 0-3): 
Cycle ergometer, 12-15 sessions, 20 
min. continuous training (70% of 
usual capacity)  
 

Home-based (weeks 4-5): 
Cycle ergometer / walking / stair 
climbing, 1x/day, 20 min. 
 

Plus education  

6MWD, workload per session, 
CRQ, HADS, feelings 
thermometer 
 

Day of admission, week 3 and 5 
post-admission   

11/98 (11%) did not 
complete 
 

(5 repeat AE, 3 MSK 
pain, 1 chest pain, 1 
accident, 1 lung Ca) 

Johnston, 
2015 (183) 

Mixed 
methods 
study 

Moderate-severe 
COPD following AE 
(n=29)  
 

Qualitative 
interviews: 
patients, GP, 
practice nurse  

Home-based (weeks 0-8): 
Walking programme, 2x/day, 
2x/10min., Borg 3-4 at 40% peak 
2MWT speed; lower and upper limb 
strengthening, 4-5x/weekly, 1-3x/sets 
of 10x/reps; reducing sedentary time 
(pedometer) 
 

Plus care co-ordination  

Usual care: 
Care co-ordination from nurse 
practitioner  

Accelerometery, CRQ, CCQ, 
HSU, feasibility outcomes, 
qualitative data 
 

Hospital discharge, beginning of 
intervention, day 28 post-
discharge, end of intervention  

0/29 (0%) did not 
complete 
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Vincent, 
2017 (184) 

Mixed 
methods 
study 

Chronic respiratory 
disease: COPD, 
chronic asthma, 
bronchiectasis or 
interstitial lung 
disease following 
AE (n=100) 

Hospital-based (during admission): 
NMES, strength exercises and aerobic 
training, 1x/day 
 

Home-based training (4 weeks post-
discharge): 
NMES and walking programme, 
1x/day  

N/A  Confidence completing walking 
and strength exercises, 
perceptions of recovery, HSU, 
qualitative data 
 

48 hours, week 2 and 4 post-
discharge 

7/100 (7%) did not 
complete  
 

(3 died, 4 withdraw 
without reason 
reported) 

Cox, 
2018 

(185) 

Mixed 
methods 
study 

COPD following AE 
(n=58)  
 

Qualitative 
interviews: 
patients, 
physiotherapists 
 
 

Hospital-based (day 0-5): 
Upper and lower limb cycle 
ergometer, 3x/day, 1x/16 reps, 2 reps 
max. resistance 
 

Home-based training (2 weeks post-
discharge): 
Strength exercises and walking 
programme, 4 sessions   
 

Plus exercise manual and education 
on breathing exercises  

Usual care: 
Offer referral to community-based 
PR (2x/weekly, 6- 8 weeks, 
commence within 28 days)  

6MWD, accelerometery, LCADL, 
CAT, EQ5D5L, HSU, modified 
CSRI, feasibility outcomes, 
PNaC, qualitative data 
 

Day 7, 30 and 90 post-discharge 
  

17/58 (10%) did not 
completed 
 

(16 withdrew 
without reasons 
reported, 1 lung Ca) 
 

Orme, 
2018 (186) 

Mixed 
methods 
study 

COPD following AE 
(n=33)  
 

Qualitative 
interviews: 
patients, HCPs 

Home-based feedback (weeks 0-2): 
Inclinometer connected to smart 
device, haptic feedback following 
individually-tailored periods of 
prolonged sedentary time 
 

Plus education and usual care 

Education: 
Modified ‘on your feet to earn your 
seat’ booklet 
 

Usual care: 
COPD discharge bundle, advice 
regarding regular exercise, 
discharge assessments for function 
and mobility  

Accelerometery, CAT, FACIT-F, 
FESI, HADS, feasibility 
outcomes, qualitative data 
 

Day of discharge and 14 post-
discharge  

16/33 (49%) did not 
complete 
 

(11 unable to attend 
follow-up, 1 
uncontactable, 4 
readmitted with AE) 

van Isselt, 
2013 (187)  

Case 
study 

COPD following AE 
(n=1)  

Hospital-based (day 0-30): 
Upper and lower limb exercises 
 

Home-based (3 months): 
2x/weekly  
 

Plus smoking cessation and dietary 
advice 

N/A  6MWD, Barthel index, CCQ, 
HADS  
 

Day of admission and day of 
discharge  
 

N/A 

Camp, 
2015  

(188) 

Delphi 
study 

Rounds 1-3:  N/A  
 

N/A  Tool development (parameter 
identification, finalise 

9/29 (31%) did not 
complete  
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9 researchers, 13 
HCPs, 7 COPD 
patients  
 

Focus groups: HCPs  

parameters, rating of items), 
focus group data 
 

Round 1-3, post-Round 3 

(1 after Round 1, 2 
between Round 1 
and 2, 6 after Round 
2) 

Richards, 
2016 (189) 

QI 
project 

A&E admissions 
provided with  
AHaH care (n=223, 
10% following AE) 

Home-based:  
Mobility and strength exercises  
 

Plus tailored education  

N/A  Health resource utilisation, 
patient satisfaction 
 

Peri- and post- hospital 
discharge 

N/A  

Abbreviations: 2MWT: 2-minute walk test; 3MST: 3-minute step test; 6MWD: 6-minute walk distance; A&E: Accident and Emergency; AE: Acute exacerbation; AHaH: Acute 
hospital at home; Ca: cancer; CAT: COPD Assessment Test: CCQ: Clinical COPD Questionnaire; COPD: Chronic obstructive pulmonary disease; Chronic Respiratory Disease 
Questionnaire: CRQ; EQ5D5L: Euro-Qol five-dimension five-level questionnaire; FACIT-F: Functional Assessment of Chronic Illness Therapy – Fatigue; FESI: Falls Efficacy Scale 
– International; GP: General Practitioner; HADS: Hospital Anxiety and Depression questionnaire; HCP: healthcare professional; HSU: health service utilisation; ISW: Incremental 
shuttle walk; LCADL: London Chest Activities of Daily scale; max: maximum; min: minimum; modified CSRI: modified Client Service Receipt Inventory; MSK: Musculoskeletal; 
MVC: Maximum voluntary contraction; N/A: not applicable; NMES: neuromuscular electrical stimulation; PNaC: Perceived necessity and concerns questionnaire; PR: 
Pulmonary Rehabilitation; QI: quality improvement; RCT: randomised controlled trial; reps: repetitions;  secs: seconds;  SGRQ: St George’s Respiratory Disease questionnaire. 
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4.4.2 Quality assessment of included papers 

Table 4.3 includes the final risk of bias assessment for the RCTs and non-RCTs. The papers included 

showed some variation in the risk of bias, however most were limited by a lack of blinding (for both 

participants and personnel as well as outcome assessments). This lack of blinding can partially be 

attributed to the nature of the intervention.   

 

Table 4.3. Assessment of risk of bias for RCTs and non-RCTs included in this review 
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Behnke, 
2000 (181) 

RCT U U H H L L L 

Murphy, 
2005 (47) 

RCT U L H H L L L 

Puhan, 
2006 (182) 

RCT L L H H L U L 

Johnston, 
2015 (183) 

N-RCT*  H H H H L U L 

Vincent, 
2017 (184) 

N-RCT*  L L H H L L L 

Cox, 2018 
(185) 

RCT* L L H H L L L 

Orme, 
2018 (186) 

RCT* L L H H L L L 

Abbreviations: H: High risk; L: Low risk; N-RCT: Non-randomised controlled trial; U: Unclear; RCT: 
randomised controlled trial; *: within a mixed methods study. 
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4.4.3 Integrated synthesis  

Table 4.4 includes the integrated synthesis. Section 4.3.9 details the process adopted for the 

integrated synthesis. The findings from the integrated synthesis are presented in sections 4.4.4 to 

4.4.6.  
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Table 4.4. Integrated synthesis of outcomes from home-based exercise training for patients hospitalised with AECOPD 

Quantitative data source Interpretation MAIN PILLARS Interpretation Qualitative data source 

Physical Function 

Exercise capacity 
Measures: 6MWD, ISW, 3MST, 
workload 

Unclear effect due to 
contradictory findings  

Wide variety of sub-domains and 
measures used, inconsistent 

measures across studies 
 

Optimal sub-domain and measures 
remain unclear 

 

Most emphasis on exercise capacity 
and PA 

 

PA and sedentary behaviour 
perceived to improve with 

exercise training and be positive, 
however no consensus on optimal 
timepoint for implementation of 

interventions 
 

Silence 

Strength 
Measures: MVC (hand grip and 
quadriceps) 

No evidence of effect due to lack 
of data Silence 

Physical activity (PA) 
Measures: accelerometery 
(PAL, step count, stepping 
time, sitting time, standing 
time), response to feedback 

Some evidence to suggest there 
may be a benefit  
 

Some evidence that technology 
could be used as an adjunct to 
promote bouts of PA after 
prolonged sedentary periods  
 

 

Within stakeholder agreement 
that exercise programmes and 
interventions to promote 
increased PA and reduced 
sedentary behaviours are 
valuable 
 

Within stakeholder 
disagreement that 
interventions to increase PA 
can be initiated early  
 

Single perspective suggesting 
use of technology may be 
effective to promote PA, with 
potential barriers to use 
identified  

PA and sedentary behaviours 
Measures: patient (F2F 
interviews, telephone 
interviews) and HCP (F2F 
interviews)  

Daily function 
Measures: Barthel index, 
LCADL, FACIT-F, FESI, 
confidence completing walking 
and strength exercises, 
perceptions on recovery 

No evidence of effect due to lack 
of data 
 

Silence 

Health-related quality of life (HRQoL) 
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Health status 
Measures: CRQ, SGRQ, 
EQ5D5L, CAT, CCQ, feelings 
thermometer 

Some evidence to suggest there 
may be a benefit  Wide variety of sub-domains and 

measures used, inconsistent 
measures across studies 

 

Optimal sub-domain and measures 
remain unclear 

 

Exercise interventions may be 
difficult to comply with due to 

ongoing feelings of being unwell 
despite potentially positively 

improving HRQoL 
 

Interventions delivered in the home 
setting may have a greater impact on 

perceived HRQoL 
 

A negative psychological status may 
exist post-AE, however limited data 

available to determine effect on 
psychological status 

Single perspective suggesting 
feeling towards of HRQoL vary 
between patients, with feeling 
unwell influencing ability to 
remain in research and engage 
with programmes 
 

Single perspective suggesting 
exercise can have positive 
influence perceived HRQoL 
 

Single perspective suggesting 
home-based interventions may 
improve patients’ HRQoL more 
compared to interventions 
delivered in other settings 

HRQoL 
Measures: patient (F2F 
interviews, telephone interviews, 
free-text feedback) 
 

Psychological status 
Measures: HADS, perception of 
recovery 
 

No evidence of effect due to lack 
of data 
 

Single perspective suggesting 
anxiety may be an important 
and prevalent symptom post-
discharge 

Psychological status 
Measures: patient (telephone 
interviews)  

Health service utilisation (HSU) 

Peri-hospitalisation use 
Measure: number of inpatient 
bed days 

Some evidence to suggest a 
reduction in secondary care 
outcomes 

Inconsistent measures across studies 
 

Effect on primary and secondary care 
HSU outcomes may vary 

 

Optimal measures remain unclear, 
however avoidance of self-

reported measures recommended 
due to potential for poor patient 

recall 

Silence 

Post-hospitalisation use 
Measures: readmissions, 
readmission LOS, re-
exacerbations, modified CSRI, 
recall (actual and self-reported) 

Some evidence to suggest a 
reduction in secondary care 
outcomes, but not primary care 
outcomes 
 

Difference exists between self-
reported and record-based 
outcomes 

Silence 

Feasibility outcomes 
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Recruitment and retention 
Measures: eligibility, 
recruitment, dropouts 

Wide range of eligibly rates 
between studies, with completion 
rates and reasons for attrition 
more consistent between studies 

Forecasting eligibility rates appears 
more difficult than completion rates 

 

Optimal sub-domain and tools / 
technology remain unclear 

 

Compliance with different training 
modalities, location of delivery and 

tools / technology vary 

 

Use of tools / technology may not be 
feasible to implement unless 

barriers to implementation are 
addressed  

Silence 

Compliance 
Measures: requirement for 
unintended breaks, adherence, 
adherence with activity diary, 
adherence to PA tools 
(monitors / devices / mobile 
applications) 

Some evidence that compliance of 
interval training is better than 
continuous training 
 

Some evidence of greater 
adherence with home-based than 
hospital-based exercise sessions 
 

Some evidence that patients 
adhere to a home exercise diary, 
however tools may be more 
challenging to comply with 

Single perspective suggesting 
delivery of HET may increase 
compliance with exercise 
training compared with other 
settings 
 

Within stakeholder agreement 
that adherence to data 
collection tools and technology 
have barriers to 
implementation  

Adherence to HET  
Measures: patient (F2F 
interviews)  

Adherence to data collection 
tools and technology 
Measures: Patient (F2F 
interviews) and HCP (F2F 
interviews)  

Experiences and acceptability 
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Experiences 
Measure: PNaC  

Some data to suggest home-based 
programmes increases patients 
perceived necessity for further 
exercise training 

Home-based interventions are 
acceptable, and may positively 

improve patients’ motivation to 
engage in further exercise training 

 
Exercise training modality requires 

greater consideration than 
equipment used to ensure 

acceptability  
 

Optimal timing of delivery remains 
unclear  

 
Supervision, individualisation and 

flexibility were important elements 
of successful interventions 

Silence 



169 
 

Acceptability 
Measures: requirement for 
unintended breaks, use of 
equipment, degree of 
supervision, PNaC, confidence 
completing walking and 
strength exercises, tool 
developed  

Some evidence that interval 
training is more acceptable due to 
less unintended breaks required  
 

Some evidence to suggest 
equipment does not influence 
ability to conduct exercise 
training, and cycle ergometry may 
be used as effectively as no 
equipment 
 

Some data that confidence 
completing walking and strength 
exercises does not change from 
48 hours to 2 weeks post-
discharge 

Within stakeholder agreement 
suggesting home-based 
interventions are acceptable to 
deliver, and may improve 
accessibility from patient and 
HCP perspectives 
 

Within stakeholder 
disagreement regarding early 
initiation of exercise training 
post-discharge between 
patients and HCP perspectives  
 

Single perspective suggesting 
inability to complete studies 
was related to feeling unwell 
despite acknowledgement 
interventions would likely be 
beneficial  
 

Within stakeholder agreement 
that supervision during 
exercise sessions was 
important 
 

Single perspective that 
flexibility and individualisation 
a benefit of a one-to-one 
intervention delivered in the 
home setting 

Acceptability 
Measures: Patient (F2F 
interviews, F2F focus groups, 
telephone interviews, free-text 
feedback), HCP (F2F interviews, 
F2F focus groups)  

Abbreviations: 3MST: 3-minute step test; 6MWD: 6-minute walk distance; CAT: COPD Assessment Test: CCQ: Clinical COPD Questionnaire; CRQ: Chronic Respiratory 
Disease Questionnaire; CSRI: Client Service Receipt Inventory; EQ5D5L: Euro-Qol five-dimension five-level questionnaire; F2F: face-to-face; FACIT-F: Functional 
Assessment of Chronic Illness Therapy – Fatigue; FESI: Falls Efficacy Scale – International; HADS: Hospital Anxiety and Depression questionnaire; HCP: healthcare 
professional; HET: home-based exercise training; HRQoL: Health-related quality of life; HSU: health service utilisation; ISW: Incremental shuttle walk test; LCADL: London 
Chest Activities of Daily Living scale; LOS: length of stay; MVC: Maximum voluntary contraction; PA: Physical activity; PAL: Physical activity levels; PNaC: Perceived 
necessity and concerns questionnaire;  SGRQ: St George’s Respiratory Disease questionnaire. 
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4.4.4 Feasibility  

Nine papers reported findings related to feasibility according to: 1) recruitment and retention, and 2) 

compliance. Table 4.4 above includes details of the integrated synthesis.  

 

4.4.4.1 Recruitment and retention 

There was a wide range of eligibility (between 9% and 81%) of screened patients (183, 186, 189). 

Completion rates for those recruited were more consistent (between 65% and 100%) (47, 181, 182, 

185, 186). Reasons for attrition were also consistent between papers (47, 181-185). The main reasons 

reported for attrition (discontinuation of home-based exercise training and/or further study 

assessment) were re-exacerbation or readmission, co-morbidity (e.g. chest pain, musculoskeletal pain 

or diagnosis of cancer) and death.  

 

There was also data to suggest patients were willing to consent to be interviewed despite not wishing 

to provide consent to take part in trial interventions or assessments (185), and patients appeared 

comfortable to provide brief feedback regarding reasons for dropping out despite no longer wishing 

to remain in a study (186).  

 

Multiple studies have shown that recruitment of healthcare professionals from a range of different 

clinical background and roles to trials is also possible (183, 185, 186, 188) (general practitioners (183), 

practice nurses (183), physiotherapists (185, 186, 188), and clinically-trained researchers (185, 188)). 

However, there was no data from the papers included to determine ability to recruit family members 

and informal carers.  
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4.4.4.2 Compliance 

Greater compliance was observed with interval training compared to continuous training (182) and 

also for home-based exercise sessions compared with hospital-based exercise sessions where 

programmes started in the hospital and continued at home  (183, 185). In interviews, patients felt that 

exercising at home provided easier access to training (183). 

 

Compliance in relation to study protocols, outcome measures and devices was also extracted. The 

evidence suggests patients satisfactorily completed home exercise diaries (183), however struggled to 

adhere to the requirements of wearable devices and mobile applications (185, 186): in interviews, 

patients reported discomfort affected compliance with wearable devices (186) and  that technical 

difficulties in using mobile applications reduced compliance (186). Similarly, healthcare professionals 

considered the wearability of devices and usability of mobile applications to be key factors which could 

impact patient compliance. Furthermore, healthcare professionals felt older patients or those with 

more advanced disease were less likely to use  technology and comply with wearable devices (186). 

No data was found on perspectives of family members or informal carers. 

 

4.4.5 Experiences and acceptability  

Six papers reported findings which helped understand the experiences of, and as a result inform 

acceptability of, home-based exercise training. Table 4.4 includes details of the integrated synthesis.  

 

Patients felt receiving a home-based intervention was a positive process (183). Some reportedly felt 

better rested and nourished, more comfortable and able to maintain usual routines during home-

based care (189). Patients valued individualisation, ease of access, one-to-one supervision (where 
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supervised), fewer distractions and the increased flexibility of home-based exercise training (183, 

185). In addition, patients who received home-based exercise training subsequently reported an 

increased perceived need to undertake PR (185). They felt exercise training was required to improve 

their condition, to help achieve their goals and their ability to complete activities of daily living was 

greater if they received exercise training (185). One paper suggested interval training was more 

acceptable to patients, with fewer unintended breaks in the intended programme (182). Use of 

equipment to provide exercise training, such as a cycle ergometer, did not appear to influence 

patients’ acceptability of home-based exercise training (182).  

 

There was some data to suggest early initiation of exercise programmes were acceptable from the 

patient perspective as confidence to complete walking programmes and strength exercises did not 

change between 48 hours, two weeks and four weeks post-hospital discharge (184).  However, 

patients also reported that commencing exercise training in hospital or immediately post-discharge 

may be too early as they would prefer to allow their health to improve before starting a programme 

(185). This contrasts with healthcare professionals who felt that the sooner the exercise training was 

delivered, the more beneficial the intervention was for patients (185, 186). 

 

Healthcare professionals reported enjoying the continuity of care they were able to deliver as well as 

the flexibility to provide more individualised exercise training with home-based exercise training (185). 

In addition, many healthcare professional preferences were for home-based exercise training to 

include supervised sessions, supplemented by unsupervised exercise (185). A clinical decision-making 

tool, developed in a Delphi study which included both patients and healthcare professionals, identified 

home-based exercise training delivered in the post-hospitalisation setting as a core component of 

AECOPD management (188). It included three key elements related to exercise training post-
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exacerbation (monitoring requirements, types of exercises to prescribe, and exercise progression) 

(188). No data was found on perspectives of family members or informal carers 

 

4.4.6 Clinical effectiveness 

4.4.6.1 Physical function 

Eight papers reported findings related to physical function. Physical function was considered in 

relation to: 1) exercise capacity, 2) strength, 3) physical activity, and 4) daily function. Table 4.4 

includes details of the integrated synthesis. Complementary evidence exists for physical activity within 

the integrated synthesis. 

 

4.4.6.1.1 Exercise capacity 

The most common measure of exercise capacity was the six-minute walk test (n=4) (181, 182, 185, 

187). Two other measures of exercise capacity were used: the incremental shuttle walk test (47), and 

self-paced three-minute step test (47). These measures were assessed in a hospital-based setting 

(either during hospitalised period or returned as an outpatient) in all the papers which reported 

assessment location (47, 181, 182, 185, 187). Workload per session has been included in this review 

as an indication of, but not a direct measure of, exercise capacity (182). The available outcome data is 

contradictory, and the potential clinical effect remains unknown due to a large amount of unreported 

data, the wide range of measures and diverse data collection points.  
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4.4.6.1.2 Strength 

Two different measures of strength were recorded in one paper. There was no significant 

improvement in either hand grip strength or quadriceps maximum voluntary contraction (47). 

However, limited data was reported (47).  

 

4.4.6.1.3 Physical activity 

Multiple measures were recorded within each paper that assessed physical activity. One for example 

reported physical activity levels, steps per day and physical responses to vibration feedback using an 

accelerometer worn 24 hours/day for 14 days (186). Another measured steps per day, stepping time, 

sitting time and standing time using an accelerometer worn 24 hours/day for two to seven days (183). 

Overall, the findings indicated some evidence of increased steps per day, stepping time, and standing 

time with home-based exercise training. However, due to limited data, definitive conclusions could 

not be drawn. Moreover, due to the numerous measures used, the optimal objective measure of 

physical activity from accelerometery remains unknown. 

 

Qualitatively, healthcare professionals and patients reported that reducing sedentary behaviours 

were as important as increasing in physical activity levels (183, 185). Healthcare professionals also felt 

that using technology early during the inpatient phase of care could reduce sedentary time and 

promote physical activity sooner for patients (186).  

 

4.4.6.1.4 Daily function 

Daily function was measured across four papers using six different outcomes, although no data was 

reported for four of these outcomes (Barthel index, London Chest Activities of Daily living 
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Questionnaire, Functional Assessment of Chronic Illness Therapy – Fatigue and Falls Efficacy Scale-

International) (185-187). Using a rating scale for confidence completing unsupervised strength 

exercises and a walking programme at home (184), confidence remained similar between 48 hours to 

one month post-discharge.   

 

Almost half of patients in one paper reported they felt the prescribed exercises completed at home 

had a positive effect on their recovery one month following hospital discharge; however data for the 

remaining patients were lacking (184). Patients also reported they intended to continue completing 

their exercises as a direct consequence of feeling their daily function had improved after a period of 

exercise training (183). These available data suggest patients perceive home-based exercise training 

to be of benefit and potentially improve their daily function. However, lack of data precludes 

determination of an effect size. 

 

4.4.6.2 HRQoL 

Nine papers reported findings related to HRQoL. HRQoL was recorded in the quantitative data relating 

to: 1) health status, and 2) psychological status. Table 4.4 includes details of the integrated synthesis.  

 

4.4.6.2.1 Health status 

Health status was measured using six different tools: the Chronic Respiratory Disease Questionnaire 

(181-183), St George’s Respiratory Questionnaire (47), Euro-Qol 5-Dimension 5-Level (47, 185), COPD 

Assessment Test (186), Clinical COPD Questionnaire (187), and feelings thermometer (182). Overall, 

the findings suggest potential benefit of home-based exercise training on health status. However, 

disparities between data collection points, the wide variety of measures and incomplete data 

reporting within some papers limit the conclusions which can be drawn at present.  
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Qualitative data suggest that home-based care, as well as home-based exercise training, may have a 

positive impact upon perceived health status for some patients. In interviews patients reported better 

perceptions of health status with home-based care compared with receiving inpatient care (189), and 

20% of patients felt generally better 48 hours post-hospital discharge (28). Despite this, 14% and 9% 

of patients were feeling tired and unwell respectively 48 hours post-hospital discharge (184). In 

relation to exercise training specifically, patients who were able to engage with home-based exercise 

training reported feeling better as a result of it (183). One patient stated they had returned to a sport 

they had previously given up and another reported being able to do activities which had been limited 

previously (183).  

  

4.4.6.2.2 Psychological status 

Psychological status was measured using the Hospital Anxiety and Depression Scale (182, 186, 187) 

and self-reported perceptions of mood (184). The findings show contradictory data related to the 

impact of home-based exercise training on psychological status however, there were limited data 

reported in in papers and diverse data collection points between papers. 

 

Qualitative data indicate perceived psychological status for some patients could be affected either 

positively or negatively post-acute exacerbation as a result of receiving home-based care (16% percent 

of patients reported feeling relieved to be home 48 hours post-hospital discharge (184), yet 8% felt 

worried (184)). This suggests that home-based care did not have a substantial impact upon the 

perceived psychological status for the majority of patients and therefore could be considered an 

appropriate alternate method to deliver care.   

 



177 
 

4.4.6.3 Health service utilisation 

Five papers reported quantitative findings on health service utilisation. Reported measures included 

number of inpatient bed days (185, 189), respiratory-cause and all-cause readmissions (including 

inpatient length of stay) (183), re-exacerbations (47, 185), general practitioner contacts (184) and 

contacts with healthcare professionals post-discharge using the Client Service Receipt Inventory (185). 

These data were recorded from a combination of self-reported (184, 185) and record-based (184, 185, 

189) measures. Two papers did not report the source of their data (47, 183). There were trends to 

suggest secondary care health service utilisation (such as readmissions and length of stay) may be 

reduced. However, data regarding re-exacerbation rates not requiring hospitalisation and access to 

primary care services (such as general practitioner visits) appeared more heterogenous. There were 

no qualitative findings relating to this outcome.  

 

4.5 DISCUSSION 

This mixed methods review assessed feasibility and acceptability of home-based exercise training 

following hospitalisation for an acute exacerbation of COPD from multiple stakeholder perspectives, 

and appraised its clinical effectiveness. This review suggests provision of home-based exercise training 

following hospitalisation for AECOPD to be feasible and acceptable to both patients and healthcare 

professionals alike. However, no data was found on perspectives of family members or informal 

carers. This review also found a paucity of trials and heterogenous data regarding the clinical 

effectiveness in relation to physical function, HRQoL and health service utilisation. 
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4.5.1 Comparison to current guidelines  

This systematic review corroborates the recently updated European Respiratory Society and American 

Thoracic Society guideline on the management of AECOPD, which states that studies are needed to 

define key elements of home-based models of care, including multidisciplinary team member roles 

(99). This is pertinent given the absence of interventions that improve uptake or completion of 

outpatient-based PR post-AECOPD (59, 60, 123). 

 

4.5.2 Intervention development 

The review findings regarding feasibility and acceptability aid a population-specific (post-

hospitalisation for an AECOPD) intervention to be developed. The training modality used to deliver 

exercise training may affect compliance of a home-based exercise programme for patients post-

hospitalisation, as better compliance was observed with interval training as compared with 

continuous training (182). Patient views of training modalities corroborates this as interval training 

appeared more acceptable as patients required less unintended breaks than when undertaking 

continuous training (182). In previous studies interval training has been shown to elicit similar training 

responses as continuous training in COPD patients (191). Therefore, interval training could be 

considered as a priority training modality when developing programmes for patients’ post-acute 

exacerbation in the future. In addition, use of equipment (such as provision of a cycle ergometer) does 

not appear to affect patient acceptability of home-based exercise training. No specialist equipment 

was required for the exercises suggested within the clinical decision making tool developed within the 

Delphi study  (188). A significant proportion of PR sites in the UK are located in community settings 

such as church halls, which have limited access to gym equipment (50), and a recent study comparing 

PR using specialist or minimal exercise equipment demonstrated similar improvements in exercise 

capacity and HRQoL (39). Moreover, the recent trials of home-based exercise training programmes for 
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patients with stable COPD have not provided access to gym equipment (79-81). Therefore, equipment 

used in interventions in future studies to deliver home-based exercise training are not mandatory and 

should perhaps be guided by healthcare professionals’ assessment of what is required to achieve 

effective prescription and ongoing progression for an individual.  

 

In addition, patients and healthcare professionals alike valued the individualisation, ease of access, 

one-to-one supervision, fewer distractions and flexible nature of home-based exercise training (183, 

185). Moreover, the greater compliance observed with home- versus hospital- based sessions (183, 

185) is likely to attributed to these factors. This is unsurprising given service users are more likely to 

take up interventions they feel will be beneficial, are achievable without excessive burden, and when 

they have confidence to partake (173). Therefore, these factors identified which were valued by 

patients and healthcare professionals could potentially be considered for home-based exercise 

training interventions trialled in the future to attempt to facilitate greater acceptability. 

 

Finally, another strategy to aid with development of future home-based exercise training 

interventions would be to use the tool (see Appendix 3 for a copy of the clinical decision-making tool) 

developed in the Delphi study to identify strategies to inform delivery, monitoring and progression of 

exercise for this population (188). As aforementioned, service users are more likely to take up 

interventions which they feel will be of benefit, are achievable without excessive burden, and for 

which they have the confidence to undertake (173). The use of a clinical decision-making tool 

developed by service users and providers could optimise these criteria within a future exercise-

training intervention. 
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4.5.3 Methodological considerations  

The findings from this review regarding feasibility and acceptability indicate methodological 

considerations which could enhance the delivery of future trials investigating home-based exercise 

training for patients post-AECOPD. First, due to the wide range of recruitment rates from the trials 

included in this review, recruitment to future studies delivering home-based exercise training to this 

population will be difficult to predict. Challenges with recruitment of this population have previously 

been reported and shown to be multi-factorial (patient, protocol / infrastructure, seasonality and 

transport) (45). Despite this, this review indicates more consistent retention rates (>65%) could be 

anticipated. An additional consideration to optimise retention would be to offer study assessments in 

patients’ homes, as opposed to attending the hospital, to reduce assessment burden (192) given 

transport and travel is a known barrier for these patients (133). Addressing known barriers to 

recruitment, and piloting proposed recruitment and retention strategies, is therefore required to 

optimise delivery and accurately forecast future trials. 

 

There is also data to suggest patients may be willing to consent to be interviewed despite not wishing 

to provide consent to take part in trial interventions or assessments (185). Furthermore, patients 

appear comfortable to provide brief feedback regarding reasons for dropping out despite no longer 

wishing to remain in a study (186). This could allow for vital information collection at the piloting phase 

of future studies to understand reasons for declining consent, or for dropping out, of trials. The 

findings from this review also indicate that healthcare professionals (including research staff) can be 

engaged within qualitative elements of research studies (183, 185, 186, 188). Therefore, it would 

appear gaining the perspectives of care providers (including those delivering the intervention and 

completing study assessments) as well as service users could be feasible for future trials. However, it 

remains unknown from the papers included in this review whether it is feasible to recruit family 

members or informal carers as no studies attempted to recruit this key group of stakeholders. 
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Recruitment strategies to engage with family members or informal carers would also benefit from 

being comprehensively piloted, with reasons for declining to consent collected, prior to an efficacy 

trial in the future. 

 

Compliance of data collection tools (including exercise diaries and wearable devices) and technology 

used to support intervention delivery (such as mobile applications) have been shown to be variable. 

This is unsurprising as patient preferences towards wearable devices have been shown to favour 

commercially available monitors versus research-grade accelerometers (193) despite limited studies 

formally validating commercially available monitors in the COPD population (194). In addition, 

previous studies with patients with COPD which tested interventions that required a degree of digital 

literacy showed more patients were excluded from the trial because of no internet access than those 

who were able to be recruited (195). Recent data shows that digital illiteracy is prevalent in patients 

with COPD, as although a large proportion of patients have access to a mobile phone, use of mobile 

phones were mostly limited to telephone calls and text messaging (196). In addition, access to other 

devices such as tablets or laptops was more varied, with over 30% of patients reported having never 

accessed the internet (196). 

 

The current evidence-base suggests a disparity between patient and healthcare professionals’ 

perspectives of when home-based exercise training should start in relation to hospitalisation. A 

previous systematic review found moderate quality evidence that initiation of PR post-AECOPD within 

four weeks of hospital discharge to reduce mortality and readmissions, with improvements in walking 

distance and HRQoL also reported in those who received early PR (197). Therefore, optimal timing 

(within four weeks from hospital discharge) needs to be established to ensure premature initiation of 

home-based exercise training does not negatively influence the adherence to home-based exercise 
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training programmes. This is important as sub-optimal timing was one of the factors hypothesised to 

have influenced the success of the intervention tested in Chapter 3 (123).  

 

Future trials should also determine whether future uptake of outpatient centre-based PR is affected 

as a result of receiving home-based exercise training (164) and whether patients miss the peer-

support (198) and socialisation (199) elements of centre-based group PR remains unknown. 

 

No data are available to provide insights from family member and informal carer perspectives in 

relation to home-based exercise training. This is relevant given the previous described deleterious 

impact of AECOPD on the physical and emotional health, social life, relationships and employment of 

family members and informal carers (28). Potentially, family or caregiver burden might be reduced 

due to no longer needing to provide transport to attend PR, or increased due to less opportunity for 

respite (200). It is also not known whether family members and informal carers are enablers of home-

based exercise training adherence/completion, and continuation beyond intervention delivery (201). 

Further exploration of the views and the role of this stakeholder group is required in future research. 

 

The review showed that the available clinical outcome data was sometimes contradictory, and the 

potential clinical effect remains uncertain due to unreported data, wide range of heterogeneous 

measures used and diverse data collection points, thus limiting between-study comparisons and data 

aggregation. Nonetheless, the available data suggests home-based exercise training may increase 

physical activity but not improve strength. The qualitative data also indicates exercise training may 

have a positive impact on HRQoL for those patients engaged with home-based exercise training post-

hospitalisation.  
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With regards to health service utilisation, there were trends to suggest secondary care health service 

utilisation may be reduced, which may be of interest to commissioners or hospitals. However, data 

regarding re-exacerbation rates not requiring hospitalisation and primary care service usage were 

more heterogenous, suggesting the societal consequences of exacerbations may remain unchanged. 

This is made yet more complex as the optimal data collection method remains unknown (record-based 

or self-reported) and significant differences between self-reported and record-based measures have 

been reported (184). Inaccuracy of self-reported measures is widely acknowledged (202), with 

accuracy of data retrieved directly from records also shown to vary (110, 111). Therefore, this review 

indicates careful consideration and robust piloting of health service utilisation outcomes is required.  

 

As such, despite the paucity of data and the lack of definitive conclusions which can be drawn from 

this review, the usefulness of this review from a clinical or research perspective is not diminished. 

Reviews such as these provide the vital indicators for where research endeavours going forwards 

should best focus.  

 

4.5.4 Critique of the method  

The segregation method of extracting data, which relies upon quantitative and qualitative data being 

extracted from papers concurrently yet independently from each other (154), was implemented in 

this review in preference to the integrated method of data extraction in the systematic review. This 

was to ensure the inherent differences between quantitative and qualitative data were upheld and 

not compromised through attempting re-model data to fit a mode of enquiry which it was never 

intended to address (154, 176).  
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Synthesis of the quantitative and qualitative data was first undertaken at the data analysis stage within 

this review. Due to the relatively recent emergence of mixed methods research, there is no agreement 

regarding the best way to conduct a mixed method synthesis (179). For this review, there were two 

options available which would allow the quantitative and qualitative data initially be integrated during 

the analysis phase: joint display / matrix (203) or ‘following a thread’ (204). This data extraction had 

been planned a priori to be undertaken concurrently for the quantitative and qualitative data, with no 

further searches being undertaken as a result of the findings of this review. Therefore, joint display 

was considered the more suitable method of synthesis for this review over ‘following a thread’. The 

pillar integration process was the joint display chosen (178). It was not only felt to be the best fit for 

this review, but it is also one of the more comprehensively-illustrated processes in the literature.  

 

Following initial integration via application of the pillar integration process, triangulation was 

implemented. Triangulation is another strategy used within mixed methods designs to integrate 

quantitative and qualitative data sets (205) and occurs during the data interpretation phase as 

opposed to the analysis phase (205). Using triangulation whilst interpreting this data resulted in 

application of multiple mixed method approaches to data synthesis as confirmation, refutation, 

complementation or silence of the two data sets was also reported (154). Therefore, the data analysis 

and interpretation processes undertaken in this review were carefully considered to ensure a robust 

methodological process was followed.  

 

4.5.5 Strengths  

First, this review was inclusive in terms of design, outcomes, language, and publication status (172). 

Although the unpublished papers included may not have been subjected to peer review, they are 

considered important to capture relevant grey literature as not all quality improvement initiatives 
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seek or achieve academic publication. However, as this search strategy focused on academic 

resources, some grey literature publications may not have been identified in this search. Second, the 

screening process was robust: two independent reviewers assessed the eligibility of full papers and 

quality, with a third reviewer resolving any discrepancies (175). Third, in the absence of a formal 

definition, home-based rehabilitation was defined a priori for the purpose of this review. In addition, 

this review was prospectively registered on PROSPERO, with clear outcomes of interest stated. 

Moreover, although the description of the home-based exercise training interventions and usual care 

was limited to the information available in the papers, the authors considered the interventions using 

the frequency, intensity, type and time principles to elicit important components of exercise 

prescription (206, 207).  

 

4.5.6 Limitations 

There was limited capacity for meta-analysis due to the lack of continuity in outcome measures, 

diverse timings for data collection and a significant proportion of unreported data in the included 

papers for the quantitative data. Furthermore, the integrated analysis and triangulation identified 

significant amounts of silence between the quantitative and qualitative data. Nonetheless, this in itself 

was an important finding as it reflects a paucity of research in this field.  

 

4.6 CONCLUSION 

Home-based exercise training appears to be feasible and acceptable to patients hospitalised with an 

acute exacerbation of COPD and professionals providing healthcare to this population based upon the 

available evidence. Participants valued the individualised, accessible, and flexible nature of home-

based exercise training, and models using interval training, regardless of equipment, had enhanced 

compliance. Evidence of clinical effectiveness on physical function, HRQoL and health service 



186 
 

utilisation is mixed, and limited by heterogenous measurement. No data is available to provide insights 

from the perspectives of family members or informal carers. As a result of the limited data currently 

available, future trials of home-based exercise training post-hospitalisation for an acute exacerbation 

of COPD should involve collaboration with stakeholders to optimise delivery as well efficacy of the 

treatment.  

 

The results presented in this chapter form the basis of the topic guides used in the next thesis chapter, 

an experience-based co-design project, which is the second part of the intervention development 

phase of this programme of work. 
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Chapter 5: Intervention development Stage 2: Integrating 

home-based exercise training with a hospital at home service 

for patients hospitalised with exacerbations of COPD – an 

accelerated experience-based co-design project 

 

Some of the results from this chapter were published in International journal of Chronic Obstructive 

Pulmonary Disease on 1st March 2021. These results are reprinted with permission of International 

Journal of Chronic Obstructive Pulmonary Disease, copyright © 2021 Dove Medical Press. All rights 

reserved. Barker RE, Brighton LJ, Maddocks M, Nolan CM, Patel S, Walsh JA, Polgar O, Wenneberg J, 

Kon SSC, Wedzicha JA, Man WDC, Farquhar M. Integrating Home-Based Exercise Training with a 

Hospital at Home Service for Patients Hospitalised with Acute Exacerbations of COPD: Developing the 

Model Using Accelerated Experience-Based Co-Design. Int J Chron Obstruct Pulmon Dis. 2021; 

16:1035-1049. doi: https://doi.org/10.2147/COPD.S293048. 

 

Some of the results from this chapter have previously been reported in a conference abstract, which 

was presented at the American Thoracic Society International Conference in May 2020 (208). These 

results are reprinted with permission of the American Thoracic Society and with permission of the 

authors, copyright © 2020 American Thoracic Society. All rights reserved.  

 

5.1 BACKGROUND 

To date, supervised home-based pulmonary rehabilitation (PR) has only been piloted with patients 
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following hospitalisation for an acute exacerbation of chronic obstructive pulmonary disease (AECOPD) 

in a small trial (47), although data from studies undertaken in patients with stable COPD suggest it may 

be a viable alternative (79-81). Therefore, this accelerated experience-based co-design (EBCD) project 

was conducted to build-upon the evidence synthesis presented in Chapter 4. The intention of the EBCD 

project was to develop a population specific model of care which integrated home-based exercise 

training within a pre-existing, well-established HaH service through collaboration with patients, family 

members (who could also self-identify as informal carers, who would be then called family carers) and 

healthcare professionals.  

 

5.2 OBJECTIVE 

5.2.1 Intervention development objective 

In this chapter, I describe the second stage of the intervention development phase (Phase 3) to 

develop a home-based exercise training intervention as an adjunct to a standard HaH service post-

hospitalisation for AECOPD. From the systematic review conducted in the first stage of Phase 3, 

reported in the previous chapter, home-based exercise training appeared to be feasible and 

acceptable to patients and healthcare professionals post-AECOPD; however, no data was found 

regarding family member and informal carer experiences. There were also few trials and heterogenous 

data regarding the clinical effectiveness or optimal delivery of home-based exercise training post-

AECOPD. As a result, involvement of key stakeholders, in particular exploration of the experiences and 

role of family members and informal carers, was essential to co-design an intervention prior to testing 

in future trials.  
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5.2.2 EBCD project objective 

The objective of the EBCD project was to co-design an integrated home-based exercise training 

programme and HaH service for patients hospitalised with AECOPD by collaborating with patients, 

family members (who could also self-identify as informal carers) and healthcare professionals ready 

for testing within a future mixed methods feasibility trial.  

 

5.3 METHODS 

5.3.1 Study design 

This was an accelerated EBCD project which included three stakeholder events followed by two co-

design meetings. EBCD is a quality improvement approach that enables stakeholders to co-design 

services in partnership. Using a co-design method to facilitate the development of this model of care 

allowed for collective ownership and greater understanding of experiences from stakeholders 

(between service users and providers) (209). It also ensured consensus was obtained from all 

stakeholders regarding strategies to effectively trial the model of care (209). This development phase 

was considered vital as qualitative work has shown stakeholder acceptability and fulfilling the needs 

of the end-user to be key requirements for successful model of care development (210).  

 

The PR service leads and HaH service managers were engaged with this project from the outset and 

endorsed this co-design process as a strategy to develop a model of care which would integrate home-

based exercise training within the HaH service. 
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Ethical approval was not required as this EBCD project was considered a service improvement project 

by the Health Research Authority and The Point of Care Foundation (135). Nonetheless, it was 

conducted in accordance with the Declaration of Helsinki and good clinical practice guidelines, with 

written informed consent obtained from all service users and healthcare professionals involved.  

 

Figure 5.1 is a schematic of the EBCD process. It involved taking existing knowledge from a variety of 

sources to generate key ‘touchpoints’ which formulated topic guides. The topic guides were used to 

support discussions at stakeholder events with healthcare professionals and service users. The 

‘touchpoints’ included in the separate stakeholder event topic guides along with new insights raised 

at the separate events were subsequently discussed at the joint stakeholder event. Following these 

three stakeholder events, two co-design meetings were held to reach the final consensus. 

 

 
Figure 5.1. Schema of this accelerated experience-based co-design project. 
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5.3.2 Study setting 

The healthcare professional stakeholder event was held at Harefield Hospital: a tertiary hospital in 

north west London, which hosts the PR programme. The service user and joint service user-healthcare 

professional stakeholder events were held in a community centre local to Harefield Hospital for the 

convenience of service users and to take the data collection out of a healthcare setting. These 

stakeholder events were audio-recorded and scheduled on afternoons for four hours, with catering 

and refreshments provided at each. The events began with introductions and were structured with 15- 

to 30-minute whole or small group discussions. Regular breaks were taken between these discussions 

and prior to a ‘round-up’ at the end.  

 

After the stakeholder events were completed, the co-design meetings took place across two sites in 

north west London (Harefield Hospital and Hillingdon Hospital: the local district general hospital which 

hosts the HaH service). These two-hour co-design meetings were scheduled on afternoons, with 

catering and refreshments provided.  

 

Transport via taxi was offered to all service users, and mileage paid to healthcare professionals, to 

attend the events and meetings. 

 

5.3.3 Participants 

Healthcare professionals from the PR and HaH services were invited via their line managers to attend 

the stakeholder events and co-design meetings. The invited healthcare professionals were purposively 

sampled to ensure all members of the multidisciplinary team were included: clinical nurse specialists, 
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respiratory consultants, qualified physiotherapists and physiotherapy assistants. The interested 

healthcare professionals were provided with an invitation pack from their line managers. Invited 

service users were also purposively sampled to include patients with COPD who had recently been 

treated or experienced delivery of the HaH service or outpatient-based PR programme, and their 

family members (who could also self-identify as informal carers). They were invited via the healthcare 

professionals delivering their usual care, who provided an invitation pack. The invitation packs included 

a stakeholder-specific information sheet and consent form to have access to all necessary project 

documents, including ways (email, post and telephone) to contact me if they were interested. I 

subsequently discussed the provided project documents via the telephone prior to attendance at an 

event or meeting and answered any questions. Written consent was received on arrival at an event or 

meeting once any additional questions were answered. To gain fresh perspectives, additional service 

users and healthcare professionals were invited from the same sources to attend the joint stakeholder 

event and subsequent joint co-design meetings. 

  

5.3.4 Topic guides 

I facilitated the separate healthcare professional and service user stakeholder events along with one 

of my PhD supervisors and another PhD student using the topic guides developed based on key 

‘touchpoints’ informed by the findings from the systematic review presented in Chapter 4 (PROSPERO: 

CRD42018104648) (169) and previous qualitative interviews conducted as part of a different project 

involving patients attending PR following an AECOPD. The findings from this previous qualitative work 

illustrated a lack of understanding and information provision before hospital discharge regarding PR, 

positive perceptions of home visits to provide support after discharge from hospital, the impact 

hospitalisation had on a decision to attend PR as well as the elements of outpatient-based PR they 

enjoyed and disliked (including regarding the education delivered within the programme) and home-

based PR as an alternative delivery option.  
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The topic guide for the joint service user-healthcare professional stakeholder event was developed 

inductively, informed by responses at the previous two separate stakeholder events and observational 

logs/field notes.  

 

I facilitated the co-design meetings using meeting-specific agendas to ensure areas were addressed 

which required further clarification following the stakeholder events in order to finalise the integrated 

model of care. 

 

5.3.5 Data analysis 

Audio-recordings of the semi-structured discussions within the stakeholder events were anonymised. 

I transcribed the audio-recording verbatim and analysed them alongside observational logs/field notes 

and source documents, supported by a co-analyst, using inductive directed content analysis (211) in 

order to expand upon the knowledge acquired in Chapter 4. The separate healthcare professional and 

service user stakeholder events were analysed prior to the joint service user-healthcare professional 

event and used to inform the topics of the structured discussions. Minutes were produced 

summarising the discussions in the co-design meetings and subsequently approved for accuracy by 

the meeting attendees. These minutes were used as a record of the experiences and perspectives of 

the stakeholders who attended the meetings. The Table of Changes approach was used throughout 

the data analysis process to facilitate decision-making, provide an auditable decision-trail and finalise 

the model of care (212).  
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5.4 RESULTS 

The two separate healthcare professional and service user stakeholder events were conducted in 

September 2018. The joint service user-healthcare professional stakeholder event was conducted in 

October 2018 following analysis of the data from the first two stakeholder events. Seven patients with 

COPD, two informal carers and nine healthcare professionals (from an existing outpatient-based PR 

service and HaH service) participated in these stakeholder feedback events. Two co-design meeting 

were conducted in February 2019. Two patients with COPD, one informal carer and three healthcare 

professionals participated in the first joint co-design group, with five healthcare professionals 

attending a second co-design group. Table 5.1 provides an overview of attendees at the stakeholder 

events and co-design meetings. Of interest, although perhaps unsurprisingly, all the attending family 

members also classified themselves as an informal carer on the demographic sheet. The findings of 

the events and meetings are presented as a narrative summary with supporting indicative anonymised 

quotes. 
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Table 5.1. Accelerated experience-based co-design project attendees at each stakeholder event and 
co-design meeting  

Stakeholder feedback events 

Healthcare professional event  

Pulmonary rehabilitation team members n=5 Qualified physiotherapists (n=4 [female: n=4]) 

Physiotherapy assistant (n=1 [female: n=1]) 

Hospital at home service members n=2 Specialist nurse (n=1 [female: n=1]) 

Specialist physiotherapist (n=1 [male: n=1]) 

Service user event  

Patients with COPD n=5 Previously underwent pulmonary rehabilitation 
and received hospital at home care (n=2 [male: 
n=1; female: n=1]) 

Previously underwent pulmonary rehabilitation 
only (n=3 [male: n=1; female: n=2]) 

Relatives or carer of person with COPD n=2 Observed pulmonary rehabilitation (n=1 [female: 
n=1]) 

Observed hospital at home care (n=1 [female: 
n=1]) 

Joint service user-healthcare professional event 

Patients with COPD n=6  Previously underwent pulmonary rehabilitation 
and received hospital at home care (n=3 [male: 
n=2; female: n=1])  

Previously underwent pulmonary rehabilitation 
only (n=3 [male: n=1; female: n=2])  

Did not attend separate service user feedback 
event: 2/6 

Pulmonary rehabilitation team members n=3 Qualified physiotherapists (n=2 [female: n=2]) 

Physiotherapy assistant (n=1 [male: n=1]) 

Did not attend separate healthcare professional 
feedback event: physiotherapy assistant 

Hospital at home service members n=2  Consultant respiratory physician (n=1 [female: 
n=1]) 

Specialist physiotherapist (n=1 [male: n=1]) 

Did not attend separate healthcare professional 
feedback event: consultant respiratory physician  
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Co-design groups  

Service user and healthcare professional co-design group  

Patients with COPD n=2 Previously underwent pulmonary rehabilitation 
and received hospital at home care (n=2 [female: 
n=2]) 

Did not attend the stakeholder feedback events:  
2/2 

Relative or carer of person with COPD n=1 Observed pulmonary rehabilitation and hospital at 
home care (n=1 [female: n=1]) 

Did not attend stakeholder feedback events: 1/1 

Pulmonary rehabilitation team members n=1 Qualified physiotherapist (n=1 [male: n=1]) 

Did not attend stakeholder feedback events: 0/1 

Hospital at home service members n=2 Specialist nurses (n=2 [female: n=2]) 

Did not attend the stakeholder feedback events: 
2/2 

Healthcare professional co-design group  

Pulmonary rehabilitation team members n=5 Qualified physiotherapists (n=4 [female: n=4]) 

Physiotherapy assistant (n=1 [male: n=1]) 

Did not attend stakeholder feedback events: 2/4 
qualified physiotherapists 

Abbreviations: COPD: Chronic obstructive pulmonary disease; EBCD: experience-based co-design. 
 

 

5.4.1 Stakeholder events  

Four themes were identified from the three stakeholder events: (1) individualisation of the home-

based exercise training, (2) progression and transitions during home-based exercise training and 

outpatient centre-based programme, (3) continuity between services and (4) communication between 

stakeholders. Subthemes were derived for continuity between services (A: content delivered, B: timing 

of delivery, C: skill set of the healthcare professionals, and D: types of assessments required) and 

communication between stakeholders (A: between healthcare professionals, and B: between 
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healthcare professionals and service users). 

 

5.4.1.1 Individualisation of the home-based exercise training 

All participants (patients, family carers and healthcare professionals) felt the home-based exercise 

training should include individually prescribed education and exercise, tailored to achieve patient-

specific goals. For example: 

‘I think that [the types of exercises] need to be tailored to the individual, if we are talking about 

engagement, different goals for different patients, different anxieties and symptoms’ [SM08, 

physiotherapist, PR service team member] 

 ‘I think a bespoke programme, cos you’re all going to be at different levels’ [SU05, patient 

living with COPD, previous experience of PR] 

 

All participants also felt the home-based exercise training should include face-to-face supervision. The 

rationale for this supervision, which centred on adherence, was clearly stated by healthcare 

professionals, patients and family carer:    

‘I think a lot of people would openly say when you do offer the home programme is that they 

won’t do it without anyone being there, so obviously [supervised] one to one, erm, yes, I think 

would definitely help’ [SM01, physiotherapist, PR service and HaH service team member]  

’If he [healthcare professional] says 10 minutes, you do 10 minutes’ [SU08, patient with COPD, 

previous experience of PR and HaH] 

‘I also think that they haven’t got enough self-discipline to actually do it [unsupervised]’ [SU03, 

relative to SU05, previously observed PR]  

 

It was also noted that the frequency of supervised sessions should be similarly individually tailored:  

‘Well at the beginning you probably want shorter but more often, and then get more individual’ 
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[SM05, physiotherapist, PR service team member]  

A minimum and maximum of one and three supervised sessions per week respectively was suggested:  

‘So it is [British Thoracic Society guidelines] 2 supervised and one unsupervised, … , but then 

obviously if we think healthy living advice is 30 minutes 5 times a week, so do we go out for 30 

minutes 3 times a week’ [SM01, physiotherapist, PR service and HaH service team member] 

This was to allow for individual patients to determine their own levels of motivation and confidence 

to complete unsupervised exercise at home, in between supervised sessions. Some patients felt more 

confident and motivated to exercise at home unsupervised and as a result felt that a once weekly 

supervised programme to deliver education and to support exercise progression was all that was 

required for them:  

‘I’ve got a garden back and front to keep up, which means quite a bit to me, so  I do quite a lot 

of exercise, I am a member to a gym, … , I think I keep myself in good shape’ [SU06, patient 

with COPD, previous experience of PR]   

However, other patients felt either less confident or reported they might lack motivated to exercise 

regularly unsupervised at home and so felt they would prefer more frequent supervised sessions for 

their home-based exercise training:  

‘When you live on your own it’s very difficult, you don’t have another person to push you, telling 

you to do it, … , it’s hard’ [SU07, patient with COPD, previous experience of PR] 

The need for individualised programmes, to meet patients’ individual needs, was therefore clear. 

 

Including a minimum and maximum contact number in the individually tailored frequency also allowed 

healthcare professionals to feel reassured that at least some face-to-face supervision was provided to 

ensure patient safety and effective exercise progression, without resulting in an unfeasible frequency 

(e.g. five days a week supervised exercise training) of supervised sessions being requested: 

‘If you had it five days a week, I’d want to go’ [SU08, patient with COPD, previous experience 

of PR and HaH]  
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All the participants felt the use of mobile applications or other online delivery mechanisms (such as 

patient portals) could address the transport and travel barriers to access to PR however acknowledged 

that these could result in digital illiteracy becoming a new barrier to accessibility:  

‘My kids do [have access to the internet or smart phone], but I don’t use that’ [SU08, patient 

with COPD, previous experience of PR and HaH]  

For family carers the best alternative to face-to-face sessions was a DVD of exercises, as this would also 

allow them to encourage and motivate the patient with COPD:  

‘If we had a video or a CD, put it on the television, and then I would be making him do it, 

because I would do it with him’ [SU01, relative to SU02, previously observed both PR and HaH]  

As such, avoidance of models of care which relied upon digital literacy was deemed essential. 

 

Family carers felt their role was to support the needs of the patient with COPD who had been 

hospitalised and having access to the patients’ session would enable this:  

‘If someone’s not on their own, like we’re not, could I go to those [education sessions] so I know 

what they’re talking about? … Because you hear things, but they can hear other things’ [SU01, 

relative to SU02, previously observed both PR and HaH] 

 They considered that it should be a collaborative process between themselves, healthcare 

professionals and the patient with COPD to identify the goals, this could then determine the 

individually tailored education programme content and frequency of exercise sessions. 

 

5.4.1.2 Progression and transition during home-based exercise training and outpatient-based 

programme 

A key finding was that some of the patients with COPD remained keen to attend traditional outpatient 
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centre-based PR when they felt well enough post-exacerbation. The reason for this was that they liked 

the social content and contact of an outpatient-based programme, and the access it gave them to 

specialist gym equipment:  

‘Prefer to go to the gym [outpatient-based PR] myself, … and see how you progress over the 

eight weeks, I don’t think I would get that progress at home, with a one to one even’ [SU06, 

patient with COPD, previous experience of PR] 

‘I think it is a bit of both [doing rehab with others as well motivation from therapist], because 

you’ve got the other people literally in the same boat as you, and you can see people that have 

literally worked up the ladder from square one’ [SU08, patient with COPD, previous experience 

of PR and HaH]  

However, this was disparate from other patients who felt entirely home-based exercise training was 

more suited to them given the difficulties they had previously leaving their house after being 

hospitalised with an acute exacerbation and that they would not attend traditional outpatient-based 

PR even if it was offered. This further supports the idea that programmes should be individually 

tailored to meet patients’ needs. 

 

Contrasting views were also found between healthcare professionals. Some healthcare professionals 

felt there would be some patients with COPD who would prefer entirely home-based exercise training:  

‘There is that whole cohort that you [outreach] probably more touch base with at Hillingdon 

that you can’t convince to come [to outpatient-based PR]’ [SM08, physiotherapist, PR service 

team member] 

Nonetheless, the viewpoint of co-offering outpatient-based PR was also held by some of the 

healthcare professionals, with one healthcare professional stating:  

‘For those that can get here but don’t want to, you can use it [home-based PR] as a way to 

gradually convincing them, and erm obviously show exercise is beneficial and enjoyable, and 

those ones might go on to do it [outpatient-based PR]’  [SM01, physiotherapist, PR service and 

HaH service team member] 
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This was because some healthcare professionals perceived traditional outpatient-based PR to be the 

gold standard of care post-exacerbation. As such, they felt not offering traditional outpatient-based PR 

to those allocated to receive home-based exercise training whilst the home-based exercise training 

was being tested as part of a trial and not part of clinical practice guidelines could result in patients 

missing out on an evidence-based therapy. As a result, offering traditional outpatient-based PR to all 

patients was included as a requirement in the model of care developed. Therefore, a referral pathway, 

and strategies to allow seamless transition between home-based and outpatient-based PR, were co-

designed.  

 

5.4.1.3 Continuity between services 

Subthemes for continuity between services included content delivered, timing of delivery, skill set of 

the healthcare professionals and types of assessments required. With regards to the content delivered, 

all participants felt it was important for the different healthcare professionals (for example a nurse and 

a physiotherapist) and services involved in the delivery of the co-designed model of care (for example 

within HaH, home-based exercise training and outpatient-based PR) to provide consistent information 

and education:  

‘[post-exacerbation PR] reinforcing messages and education provided in the hospital’ [SM08, 

physiotherapist, PR service team member] 

‘And that knowledge checking as well, you know, … , if the outreach team are doing at the 

beginning, you know, six weeks later, then you can check and see whether it has been retained’ 

[SM03, physiotherapist, PR service team member] 

In order to deliver this desired consistency, a series of resources which would be used by all the 

services was agreed upon during this co-design project (for example a HaH service leaflet on self-

management and PR service presentation slides).   
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In terms of timing of delivery, there were multiple views on when the home-based exercise training 

should commence. Most patients and family carers felt a period of readjustment of up to two weeks 

was needed after returning home from hospital before exercise training could commence. This same 

perspective was held by some of the healthcare professionals from the HaH service based on their 

experience – they felt that commencing exercise training too early could be detrimental to longer term 

patient adherence:  

‘I don’t think starting it too early would be beneficial, often they’re fighting for breath still, and, 

and I think they would decline it cos they are feeling like that, … so I think it needs to be timed 

right when we are offering this at home rather than straight away’ [SM07, nurse, HaH service 

team member] 

Nonetheless, the more widely held view of healthcare professionals was that beginning exercise 

training as soon as possible (as soon as the day after discharge) was key from their experience:  

‘For patients whose breathlessness is very severe and limiting what they feel able to do, erm, 

it might be an option for something to start with to try and get those muscles working to erm, 

reduce the deficits that develop in that initial acute post-exacerbation period’ [SM05, 

physiotherapist, PR service team member] 

Some patients also supported this, as this was the period when they were most limited by 

breathlessness to complete their daily activities. As such, beginning exercise training during the peri-

exacerbation phase of their recovery was vital to some patients so that they could be guided by 

healthcare professionals on how hard to push themselves:  

‘That’s why I went down so low, cos I wasn’t doing anything, well not a lot, you know, I did try, 

I mean, I wasn’t really, I was just kind of walking around, and I have to go upstairs the loo, I 

have to go upstairs to bed, that was basically my exercise, just being honest, … , I think this is, 

would be, excellent for that initial period to get you started again’ [SU05, patient with COPD, 

previous experience of PR]  

This reinforced the idea that programmes should be individually tailored to meet patients’ needs. A 

solution was to compromise and agree the most acceptable time point to begin delivering exercise 
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training within the programme. To enable this the initial session post-discharge would be focussed 

around goal setting, with the early sessions including more time devoted to deliver education. The 

proportion of time spent exercising would then gradually build up based upon individual need whilst 

reducing the proportion of time delivering education over the first few weeks post-discharge to allow 

for a readjustment period. 

 

There was greater agreement on who should deliver the home-based exercise training. All participants 

felt those who delivered it should be competent to undertake a comprehensive respiratory assessment 

which would usually be completed as part of the HaH service visits as well as prescribe exercise:  

‘One person, both skills, also whether they are physio or nurse doesn’t matter’ [SM06, 

physiotherapy assistant, PR service team member] 

This was important as patients and family carers preferred the prospect that one person, regardless of 

professional background (physiotherapist or nurse), could deliver all elements of their management 

(exercise training at home and exacerbation management). To this end, both patients and carers felt 

comfortable as long as appropriate training had been provided:  

‘Someone trained in that kind of rehabilitation, doesn’t necessarily have to be someone trained 

and been through university’ [SU05, patient with COPD, previous experience of PR] 

‘We wouldn’t mind if someone came out with someone who had to learn’ [SU01, relative to 

SU02, previous experience of PR and HaH]  

Healthcare professionals felt that only a limited number of team members across the two existing 

services (HaH service and outpatient-based PR) currently held this skill set and additional training was 

beyond the scope of the trial this model of care would be tested in:  

‘Yes, it’s [training required] not going to happen in a week, it’s going to happen over several 

years, realistically I think, but ultimately, yes, long term’ [SM01, physiotherapist, PR service 

and HaH service team member] 

It was therefore agreed that the delivery of home-based exercise training, whilst being tested within a 
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feasibility trial, would be restricted to delivery by those who already held this skill set as opposed to 

providing training to up-skill all healthcare professionals.  

 

Finally, consistency and continuity in the assessments undertaken between outpatient-based PR 

assessments and those undertaken as part of home-based exercise training were highlighted to be 

important by all participants. It was acknowledged that this could be a challenge where there was 

transition of patients into outpatient-based PR within this co-designed model of care at time points 

which differed to when the trial assessments would be conducted. Nonetheless, patients and their 

family carers felt being selective with the assessments undertaken to avoid duplication, and not being 

required to repeat assessments unnecessarily would be preferable. They also felt that this would make 

them more likely to consider taking part in the study if assessments were closely aligned. Healthcare 

professionals also highlighted that carefully considering the assessments undertaken within the trial 

itself to mirror the data collected in the clinical assessments wherever possible to be practicable in the 

home setting. As such, the healthcare professionals felt streamlined assessments could also be 

beneficial:  

‘And that’s the key thing, an assessment of some sort, as they would not be able to do all of 

the assessment that we do, but some of it’ [SM05, physiotherapist, PR service team member] 

This could, in turn, relieve some of the burden on patients and their family carers as the appointments 

would be shorter, and potentially less frequent in number.  

 

5.4.1.4 Communication between stakeholders 

Two subthemes were identified within communication between stakeholders: communication 

between healthcare professionals and communication between healthcare professionals and service 

users. All participants felt that communication was an integral part of developing a model of care: 
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‘You don’t want to have to keep repeating yourself do you’ [SU07, patient with COPD, previous 

experience of PR service] 

‘Suppose it would be nice [for the healthcare professionals to meet face-to-face], as you could 

have been in the hospital with one crowd, and it would be nice for the two of them to get 

together’ [SU08, patient with COPD, previous experience of PR service and HaH service]  

 

Healthcare professionals felt a combination of formal face-to-face meetings (weekly multidisciplinary 

team meeting) and daily handovers (either face-to-face, by telephone or email) was important for 

effective and regular communication between all the healthcare professionals involved. Face-to-face 

communication was preferred to telephone or email by healthcare professionals, however they felt 

this may not always achievable and therefore having alternative strategies as a backup was required:  

‘If different people are going in, erm, obviously different people going in on different days, 

there needs to be communication at end, or during every single day … obviously it would be 

nice to have that face to face contact, erm, but realistically it is not going to happen’ [SM01, 

physiotherapist, PR service and HaH service team member]  

 

Family carers had no preferences regarding the channels of communication between healthcare 

professionals as long as two criteria could be met: the healthcare professionals were able to discuss 

the care of a patient proficiently to ensure safe care could be provided, and personal information was 

not shared beyond those who should have access to it. 

 

In terms of the communication between healthcare professionals and service users, all patients 

reported they would prefer to verbally communicate with healthcare professionals face-to-face where 

possible (for example during sessions), or via telephone between sessions: 

‘I think most people prefer a human body in front of them’ [SU08, patient with COPD, previous 

experience of PR and HaH] 
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Patients reported they did not feel confident, or have access, to communicate via email or other online 

platforms such as a patient portal or app:  

‘My kids do [have access to the internet or smart phone], but I don’t use that’ [SU08, patient 

with COPD, previous experience of PR and HaH]  

 

Healthcare professionals from the HaH service felt it was important to discourage use of their direct 

telephone number for calls regarding home-based exercise training as the workload would potentially 

become too overwhelming for them to manage:  

‘To be honest, it [hotline] is a job on its own… it can take up a large proportion of the day whilst 

trying to see other patients on the wards’ [SM01, physiotherapist, PR service and HaH service 

team member] 

‘It is a nightmare, it is a nightmare, you can have 20 to 30 calls a day’ [SM07, nurse, HaH 

service team member]  

They also felt it could be misleading for patients who would then not receive the support they 

anticipated for their home-based exercise training queries between sessions. All patients and family 

carers felt that provision of a separate telephone number was satisfactory as long as calls were 

returned in a timely manner should an issue arise.  

 

5.4.2 Co-design meetings  

The themes from the stakeholder events were explored further in the two co-design meetings, prior 

to the model of care being finalised. Discussion at the first co-design meeting with service uses and 

healthcare professionals focussed around integration and related to the themes of: progression and 

transitions during home-based exercise training and outpatient-based programme, continuity 

between services, and communication between stakeholders.  

 



207 
 

The findings of the meeting confirmed the need to individualise the timing of initiation and frequency 

of home-based exercise training sessions delivered from the outset at the first home-based exercise 

training session through a discussion with the patient and relative where appropriate. It also provided 

a consensus of the resources which would be used by all services in order to deliver consistent 

education (for example a HaH service leaflet on self-management and PR service presentation slides).  

It was also determined that the healthcare professional delivering the home-based exercise training 

would be required to attend the daily HaH service handovers in person or via telephone to implement 

the preferred communication strategy as much as possible. A written handover was only to be relied 

upon when a face-to-face or verbal handover was not feasible. Finally, it was identified that the 

healthcare professional delivering the home-based exercise training would primarily be required to be 

based at Hillingdon Hospital, the site which delivers the HaH service, as opposed to Harefield Hospital, 

the site which delivers PR, to facilitate the handover process. 

 

Discussions at the second co-design meeting with healthcare professionals was more focussed on 

home-based exercise training delivery and related to the themes of: individualisation of home-based 

exercise training, and progression and transition during home-based exercise training and outpatient-

based programme. It was determined that the same, pre-existing standard operating procedures for 

exercise prescription and progression available from the outpatient-based PR service would be 

followed during the home-based exercise training in order to ensure individualised training was 

delivered and to ease the transition between home-based exercise training and outpatient-based PR. 

In addition, it was confirmed that patients attending outpatient-based PR assessments prior to 

commencing and on completion of the programme would complete a shorter assessment which 

included the outcome measures which had not been completed as part of the trial assessments.  
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5.4.3 Model of care developed  

Following the three stakeholder events and two co-design meetings, delivery strategies for home-

based exercise training were finalised and a pathway for integration within a HaH service developed 

based on the findings reported. Figure 5.2 shows a schematic of the final co-designed model of care 

which will be piloted within a single-centre mixed methods trial to determine its feasibility and 

acceptability.  

 

The home-based exercise training programme is intended to last up to eight weeks to replicate the 

local eight week outpatient-based PR programme provided, with the focus upon similar outcomes to 

traditional outpatient-based PR (exercise capacity / HRQoL / dyspnoea) (43, 46). All eight weeks of the 

home-based exercise training programme would be delivered at home for patients who decline 

referral to traditional outpatient-based PR. The home-based exercise training programme would 

continue to be delivered until the patient has completed their pre-PR assessment and the outpatient-

based PR programme begins for patients who are referred to the traditional outpatient-based PR 

programme. For the patients transitioning into traditional outpatient-based PR, the home-based 

exercise training programme will serve as a bridging programme.  

 

The intention is to replicate the types of exercises offered in traditional outpatient-based PR 

programmes delivered in community settings which uses minimal, low cost and portable equipment. 

This ‘minimal equipment’ strategy for delivering PR has recently been shown to be non-inferior to PR 

delivered using specialist equipment (39). Prescription of the exercise training provided within the 

home-based exercise training programme is intended to be completed using the same standard 

operating procedures as the traditional outpatient-based PR programme. The intensity of the home-

based exercise training programme may initially differ whilst patients are early peri-exacerbation, 
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however the exercises would be progressed, and the intensity increased, as symptom burden reduces.  

 

 
Figure 5.2. Schematic of the final co-deigned model of care. 
Abbreviations: COPD: Chronic obstructive pulmonary disease; HaH: Hospital at home; HIRS: Hillingdon 
Integrated Respiratory Service; PR: pulmonary rehabilitation. 
* Research Physiotherapist to ask participant re: preference for outpatient-based PR location, and 
when referral to outpatient-based PR may be acceptable to participant; Research Physiotherapist to 
identify availability for the preferred class at proposed start date. 
+ Deliver education topics alongside home-based exercise training using PR education 
pack/presentations and HIRS self-management plan; begin education with pacing, breathing control, 
positions of ease, anxiety management, self-management plan, smoking cessation, inhaler technique 
and airway clearance. 
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^ Research Physiotherapist to refer participant into outpatient-based PR if / when the participate 
consents to the referral; the same referral and triaging process to be followed when refereeing 
participants into an outpatient-based PR programme as usual care; continue the home-based exercise 
training programme until the outpatient-based PR class begins.    
~ Research Physiotherapist to provide copy of home-based exercise training programme to outpatient-
based PR; PR Physiotherapist to complete short pre-PR assessment; PR Physiotherapist to complete a 
short post-PR assessment at the end of the after 8 weeks of outpatient-based PR programme.  
 

 

5.5 DISCUSSION 

In this accelerated EBCD project, an integrated model of care, including home-based exercise training 

and HaH service, was co-designed by service users and healthcare professionals to address low uptake, 

referral and subsequent completion of PR following hospitalisation for an AECOPD.  

 

5.5.1 Comparison of co-designed model of care to previous studies 

Previous studies have shown barriers to post-hospitalisation PR to be complex and multifactorial. 

Commonly cited barriers to a traditional outpatient-based PR programme after an acute exacerbation 

include access to transport and travel (54, 133, 213). Delivery in the home setting was attractive given 

its potential as an equivalent alternative to outpatient-based PR in patients with stable COPD (79-81). 

It was felt that by looking for ways to embed home-based exercise training within an already 

established service (HaH), rather than attempting to establish an entirely new service, may result in a 

home-based programme being considered more feasible and acceptable post-hospitalisation to all 

stakeholders. This theory was supported by the pilot study by Murphy and colleagues, who 

demonstrated it may be viable to extend to scope of HaH services (47). As such, the primary intention 

of this project was to develop a co-designed model of care which integrates home-based PR within a 

well-established HaH service so that both could be seamlessly delivered together. It was also felt that 

simply mimicking home-based programmes delivered to those with stable COPD may render them 

unfeasible in the post-exacerbation population given the post-exacerbation population (suffering with 
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an acute worsening of symptoms) differs from those with stable COPD. This could allow for this 

intervention to be delivered at a point in the post-hospitalisation care pathway when it has the 

potential to achieve clinically meaningful outcomes (214). 

 

5.5.2 Comparison of stakeholder perspectives to previous studies 

As this was an accelerated EBCD project, it ensured the key stakeholders (patients with COPD, family 

carers and healthcare professionals) who participated were the drivers behind the model of care’s 

design (135). To do this a wide range of stakeholder priorities were ascertained (210) but ensured a 

consensus was reached prior to investigation within a feasibility trial. 

 

With regards to the model of care, there was agreement that home-based exercise training should be 

individualised, supervised and be sufficiently flexible to enable it to be tailored to meet the need of 

each patient. These findings reflect the results from the mixed methods systematic review presented 

in Chapter 4 (169). This suggests the findings from this EBCD project could have resonance for other 

services considering a redesign or for the development of other interventions specifically for this 

patient population. 

 

There was also agreement from those involved in this EBCD project that delivery of a home-based 

exercise training programme using a mobile application, or another digital platform, might reduce 

accessibility. Recent data have shown 31% PR service users have never previously accessed the 

internet, less than half were confident using the internet and 29% reported no interest in accessing 

any component of PR through a web-based application (196). This degree of digital exclusion has been 

corroborated by a recent feasibility trial that found almost 50% of participants dropped out of a trial 

which tested an mHealth-based self-management intervention (215). The most common reason for 
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attrition was due to difficulties with the technology (215).  

 

There was a strongly held desire among some patients to attend traditional outpatient-based PR when 

they felt well enough. However, other patients felt home-based exercise training was more suited to 

them and, even if offered, they would not attend traditional outpatient-based PR. The idea of offering 

outpatient-based PR was also welcomed by some of the healthcare professionals. Their belief was that 

outpatient-based face-to-face PR was the gold standard of post-exacerbation PR delivery, with an 

established evidence-base (46). The importance of ensuring evidence-based care continues was 

highlighted in a previous study which found people who received post-hospitalisation PR within three 

months of discharge to have lower mortality at one year compared to those who did not receive the 

programme (164). Therefore, to address this, progression and transition during the home-based 

exercise training and outpatient-based programme was explored in detail during the stakeholder 

events to ensure all patients would be provided with the opportunity to attend traditional outpatient-

based PR.  

 

Views on the timing of initiation of exercise training post-hospitalisation varied between, as well as 

within, the different stakeholder groups. This was unsurprising given a recent systematic review found 

disparities as to the optimal time to commence post-acute exacerbation exercise training (169). The 

results from Chapter 3 also demonstrated that the timing of intervention delivery may affect  

intervention efficacy and patient responsiveness (123). As such, in order to address these differences 

in perspectives of optimal timing for initiation, the decision was made to design a highly individualised 

model of care that could be sufficiently flexible and adaptable to meet the needs of each patient.   

 

In addition to timing of initiation, the skill set required by the healthcare professional delivering home-
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based exercise training was important. All the stakeholders involved felt those who delivered home-

based exercise training to patients’ post-exacerbation should be competent to undertake a 

comprehensive respiratory assessment as well as prescribe exercise. This led to discussions regarding 

the training requirements of the current healthcare professionals employed within the HaH service 

and PR service. However, given that there were already healthcare professionals employed, albeit a 

limited number, who had the skillset to deliver this comprehensive co-designed model of care, for the 

purpose of this project it was decided that up-skilling healthcare professionals was unnecessary. 

However, a training intervention which provides formal teaching and competency assessments 

surrounding exercise prescription and progression as well as respiratory assessment skills may be 

required in other settings or in the future. This might also address the issues around referrer 

knowledge identified in Chapter 2.  

 

During this co-design process, additional learning was gained about what is important from key 

stakeholders’ perspectives regarding home-based exercise training and integration of care following 

an AECOPD. This additional learning could be of value beyond this project, for example if other services 

are considering more closely integrated respiratory services, home-based exercise training 

programmes, or trying to enhance the delivery of traditional outpatient-based PR services for patients 

following hospitalisation for an AECOPD. 

 

5.5.3 Interactions between stakeholders during project 

Field notes of observations from the stakeholder events and co-design meetings were also included in 

the analysis. Of interest, it was noted by an event facilitator that healthcare professionals were keen 

to actively listen and make adaptations to their perspectives based upon the experience of patients 

and family carers. The healthcare professionals appeared to see the patients’ perspectives as the most 
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important viewpoint during the decision-making process as patients and family carers had first-hand 

experience of living with COPD: they were the experts. Equally, patients and family carers seemed to 

look upon healthcare professionals as the experts. They were observed to defer their ideas back to 

healthcare professionals to prompt whether their suggestions were feasible and within the scope of a 

home-base exercise training programme. These observations could be interpreted in one of two ways. 

First, the observations could be interpreted as the stakeholder groups being deferential to one another, 

and as a result lead to the dampening down of stakeholder perspectives. Alternatively, it could be 

interpreted as a mutual respect between the different stakeholders, with recognition of the 

contribution each group and a desire to compromise in order to ensure acceptability and effectiveness. 

For this project, the latter interpretation was made for several reasons: 1) the intention of this project 

was to promote collaboration, which all the stakeholders were made aware of from the outset; and 2) 

both service users and providers were sufficiently confident to speak up during the discussions and 

‘stand their ground’ on ‘touchpoints’ which they felt were particularly seminal, even if this viewpoint 

was divergent from others, both within and between their stakeholder group. Therefore, combining 

the field notes with the findings derived from the audio-recording transcripts was an important part 

of the interpretation as this elicited more in-depth understanding of the interactions and dynamics 

during the events. It also highlighted the truly collaborative process which was undertaken to develop 

this model of care, with the expertise of the healthcare professionals complementing the situational 

understanding of the service users (216).  

 

5.5.4 Critique of the method 

This model of care was developed using an accelerated EBCD process, a quality improvement approach 

that enables stakeholders to co-design services in partnership. This approach has been previously used 

in a range of clinical settings in the NHS (217, 218), including PR (219), and was the process used to 

develop the intervention tested in Chapter 3 (123). Other methodologies which actively engage with 
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stakeholders, including participatory action research (220) and multiple person-based approaches 

(221), were also considered. Nonetheless, as the end goal of this project was service design (EBCD was 

specifically developed for this purpose), and there was clear and comprehensive guidance produced 

by The Point of Care Foundation (135), the EBCD approach was adopted over other methodologies.  

 

5.5.5 Strengths  

A strength is that the accelerated EBCD process used to develop the model of care was informed by 

the findings of a mixed methods systematic review (PROSPERO: CRD42018104648) described in 

Chapter 4 (169). Consequently, the initial discussions at the stakeholder events, which were semi-

structured in nature, were facilitated by seminal ‘touchpoints’ and evidence-based topics.  

 

In addition, the systematic review of the previous chapter found no data on relative or informal carer 

perspectives of home-based exercise training following hospitalisation for an AECOPD (169). 

Therefore, this work in this chapter provided new insights into the experiences and perspectives from 

these key stakeholders. In so doing, this project provides some assurances that an integrated model of 

care which embeds home-based exercise training into a HaH service is not perceived by family carers 

as likely to increase their burden. This was important to ascertain given AECOPD has a negative impact 

upon family carers (28), and a home-based intervention may add unknowingly to this burden.  

 

This project engaged a nationally accredited PR programme in the UK and a well-established 

respiratory-specific HaH service which has received recognition from the national clinical director for 

respiratory services at NHS England. Therefore, it was felt the perspectives of the healthcare 

professionals involved in this project included those with the expertise to provide valuable insights to 

aid decision-making, and as a result can be an exemplar for other services.  
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5.5.6 Limitations 

This work only represents the perspectives of the participating stakeholders involved from one locality. 

Therefore, although these are perspectives of those with adequate expertise, it is acknowledged that 

the transferability of these insights may be limited, and the specific model of care developed in this 

project may require local adaptation and service-specific exploration before wider implementation is 

possible. Furthermore, all the family carers in attendance were female, who also self-identified as 

informal carers. As a result, there was a lack of male relative and informal carer perspectives reported 

within this project, and this requires further exploration in the future. Nonetheless, the background 

demographic sheets completed by the healthcare professionals and patients with COPD were more 

representative. For example, there were patients with COPD present from different genders, a range 

of ages, as well with a variety of experiences of post-hospitalisation care. For the healthcare 

professionals, it also appeared that there was a mix of genders, years of clinical experience and 

professional background present. 

 

5.6 CONCLUSION 

All the stakeholders involved in this project felt individualised, supervised and flexible home-based 

face-to-face exercise training was required. Disparate views between and within the different 

stakeholder groups regarding optimal timing for initiation of home-based exercise training further 

emphasised the need for a highly individualised and flexible model of care. This accelerated EBCD 

project also highlighted the need to carefully consider how a patient may transition and progress from 

home-based exercise training into outpatient-based PR, how continuity between services can be 

achieved and how to ensure effective communication between the varying stakeholder groups.  
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Based upon these findings, a model of care integrating home-based exercise training within a well-

established HaH service has been co-designed by service users and healthcare professionals. This 

model of care was tested within an ethically approved, prospectively registered mixed methods 

feasibility trial (ISRCTN number: 78764132) described in the following chapter (Chapter 6). 
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Chapter 6: Testing the acceptability feasibility of a home-

based exercise training intervention alongside a hospital at 

home service for AECOPD 

 

*Please note that recruitment to this study was suspended on 11th March 2020 due to the global 

Coronavirus Disease 2019 (COVID-19) pandemic. Recruitment to this study was unable to resume due 

to the ongoing COVID-19 restrictions and the study intervention not being viable whilst they remained 

in place* 

 

6.1 BACKGROUND 

The results from Chapters 2 and 3 demonstrated suboptimal patient uptake rates to traditional 

outpatient-based pulmonary rehabilitation (PR) after an acute exacerbation of COPD (AECOPD). 

Subsequently, Chapters 4 and 5 described the co-design of an intervention that integrates home-

based exercise training within a Hospital at Home (HaH) service. The current chapter reports the 

results of a mixed methods study (ISRCTN number: 78764132) exploring the acceptability and 

feasibility of such an intervention. 

 

6.2 OBJECTIVES 

To determine the acceptability of a home-based exercise training intervention for healthcare staff, 

patients and carers, and the feasibility of conducting a future efficacy trial.  
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6.3 HYPOTHESIS  

A co-designed home-based exercise training intervention, delivered alongside a HaH service for 

AECOPD, is acceptable to service users and staff and feasible to implement in an efficacy trial. 

 

6.4 METHODS 

6.4.1 Study design 

This was a mixed method feasibility study including a parallel, two-group RCT with convergent 

qualitative components (interviews with patients, family members and informal carers and 

researchers; focus groups with healthcare professionals) (100). Figure 6.1 provides a schematic of the 

study design. 
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Figure 6.1. Schema of mixed methods feasibility study design.  
Abbreviations: COPD: chronic obstructive pulmonary disease; HaH: Hospital at Home; hrs: hours; PR: 
pulmonary rehabilitation; RCT: randomised controlled trial. 
 

 

6.4.2 Ethical approval and study registration 

The study was approved by the London - Dulwich Research Ethics Committee (19/LO/1472). All patient 

participants provided written informed consent when recruited to the RCT, and additional written 
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informed consent was received from all patient participants who participated in the qualitative 

interviews. Written informed consent was also received from all family members or informal carers, 

researchers and healthcare professionals participating in qualitative interviews or focus groups.  The 

study was prospectively registered on the ISRCTN registry (78764132). 

 

6.4.3 Participants 

6.4.3.1 Trial eligibility criteria 

The original planned recruitment period was November 2019 and October 2020. Unfortunately, due 

to the Coronavirus pandemic, recruitment was limited to between November 2019 and 11th March 

2020.  

 

The local HaH service is delivered by the Hillingdon Integrated Respiratory Service (HIRS), the single 

provider for all patients registered with a general practice within Hillingdon borough. HIRS were 

actively involved in the co-design process detailed in Chapter 5.  

 

Inclusion criteria included aged 40 years or over, with a diagnosis of COPD, hospitalised with a primary 

diagnosis of an AECOPD and a  DECAF score of ≤1 (85) on admission as this is associated with low risk 

of mortality, an important consideration for home-based intervention. Exclusion criteria included 

being ineligible for HaH service due to local HIRS criteria. The full inclusion and exclusion criteria are 

presented in Table 6.1.   
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Table 6.1. RCT eligibility criteria  

Eligibility criteria 

Inclusion criteria  Exclusion criteria  

Aged 40 years or over Receiving specialist palliative care with expectation of 

death within three months as judged by the specialist 

palliative care service  

Known diagnosis of COPD No fixed abode or evidence of an environment that 

would make delivery of study intervention and/or usual 

care unsafe 

Hospitalised with a primary diagnosis of an 

AECOPD 

Evidence of acute coronary syndrome, unstable 

ischaemic heart disease or any condition that would 

make exercise unsafe. 

DECAF score of ≤1 Does not fulfill inclusion criteria for HaH care according 
to HIRS local Standard Operating Procedures. Inclusion 
criteria for HaH care are: 

• Presenting condition is COPD not asthma 

• Medically stable 

• No nocturnal dyspnoea 

• pH within normal limits and no acidosis  

• PaO2 >7kPa and SaO2 >90% (unless known baseline 

= ≤90%-≥88%) on room air or on usual prescribed 

domiciliary oxygen  

• No acidosis  

• No pneumothorax on CXR 

• Minimal consolidation on CXR 

• Minimal wheeze on auscultation 

• No signs of worsening pulmonary oedema 

• No acute confusion 

• Lives within designed area of service  

• Access to property (patient / key safe / entry 

phone) 

• Does not live alone (or is safe to do so) 

• Telephone access (mobile or landline) 

• Able to transfer independent and walk to bathroom 

(or with usual support, which is available) 

• Self-caring at home (or with usual support, which is 

available) 

• Self-medicating (or with usual support available) 

Able to give valid informed consent 

Abbreviations: COPD: chronic obstructive pulmonary disease; CXR: chest x-ray; HIRS: Hillingdon 

Integrated Respiratory Service; kPa: kilopascal; PaO2: partial pressure of oxygen; pH: potential of 

hydrogen; RCT: randomised controlled trial; SaO2: arterial oxygen saturation. 
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6.4.3.2 Qualitative interviews and focus group purposive sampling criteria 

Using purposive sampling (222), a sub-group of patient participants (from both control and 

intervention groups), family members or informal carers, researchers and healthcare professionals 

were invited and consented to qualitative interviews or focus groups (sections 6.4.9.2 and 6.4.9.3 

details the target sample size for the interview sand focus groups respectively). For patient 

participants and their family members or informal carers, the interviews occurred following the 12-

week follow-up visit. Table 6.2 includes the purposive sample criteria for the patient participants, the 

purposive sampling frame for the family members or informal carers, researchers and healthcare 

professionals. The invited healthcare professionals included all members of the multidisciplinary 

team: clinical nurse specialists, qualified physiotherapists and physiotherapy assistants. Researchers 

were invited via their line manager to be interviewed. The embedded qualitative interviews and focus 

groups were conducted by independent researchers from King’s College London (Lisa Jane Brighton 

and Joanne Bayly). The qualitative interviews and focus groups were audio recorded and transcribed 

verbatim, with transcripts offered for verification of accuracy to interviewees prior to anonymisation 

and analysis (223). Observational logs/field notes were recorded to describe the flows, contextual 

factors, participant responses and researcher reflections. 
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Table 6.2. Purposive sampling criteria for qualitative components 

Patient participants 

A. Protocol completion  1) Completed course of care per protocol 

2) Did not complete course of care per 

protocol 

B. Readmission in 12 weeks of hospital 

discharge  

1) Readmitted  

2) Not readmitted 

C. Social situation 1) Lives alone 

2) Does not live alone 

D. Improvement in HRQoL in 12 weeks from 

hospital discharge 

1) Change in CAT score of ≥2 points 

2) Change in CAT score of <2 points 

Family member and informal carers 

Person nominated by the participant as giving 

them the most help and support due to their 

COPD and who is not a healthcare professional 

1) Aged >18 years of age 

2) Able to understand and speak English 

3) Able to give valid informed consent 

Researchers and healthcare professionals 

Those involved in study delivery  1) Provision of usual care  

2) Provision of outpatient-based pulmonary 

rehabilitation  

3) Provision intervention procedures  

4) Provision of research assessments 

Abbreviations: CAT: COPD Assessment Test; COPD: chronic obstructive pulmonary disease; HRQoL: 
health-related quality of life. 
 

 

6.4.4 Randomisation procedure 

Patients were randomised 1:1 using minimisation to either the control (HaH care alone) or 

intervention (home-based exercise training integrated within HaH care). The allocation sequence was 

computer-generated (Minim) (130). Minimisation was used to balance pre-defined variables, 

especially as planned sample sizes was not large (131). 
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The groups were balanced according to five criteria: 1) age (years: ≤/>75), 2) sex (male/female), 3) 

physical frailty status (4MGS: ≤/>0.6 metres/second (224)), 4) previous hospital admissions in past 

year (0/≥1), and 5) age-adjusted Charlson Comorbidity Index (0/≥1). These five criteria were factors 

that were considered clinically relevant and which could mediate post-hospitalisation outcome (224).  

 

6.4.5 Blinding 

Baseline assessments were conducted prior to randomisation. I (as a clinically trained Highly 

Specialised Respiratory Physiotherapist in early supported discharge and exercise-training in chronic 

respiratory disease) delivered the home-based exercise training intervention. The follow-up research 

assessments were completed by researchers from the Harefield Respiratory Research Group (Jessica 

Walsh, Suhani Patel, Oliver Polgar and Claire Nolan) blinded to group allocation. Due to the nature of 

the study intervention, participants were unable to be blinded to group allocation. The statistical 

analysis plan was determined a priori. 

 

6.4.6 Study interventions 

The control group received a nursing-focused HaH service delivered by specialist respiratory 

healthcare professionals, typically comprising: ‘as required’ face-to-face sessions incorporating 

monitoring of vital signs, provision of oral antibiotics and/or steroids, nebulised bronchodilators, and 

oxygen if needed for hypoxaemia. This treatment was provided in line with the British Thoracic Society 

guideline recommendations (83).   

 

The intervention group received the same usual care as the control group. The intervention group also 

received a home-based exercise training intervention integrated within their usual HaH service care. 
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This involved face-to-face supervised, individually tailored (and subsequently progressed) exercise 

training and education. Chapters 4 and 5 comprehensively described this intervention development 

process. The intervention was provided by the same specialist respiratory healthcare professional 

providing usual care.  

 

6.4.7 Study measurements 

A structured history taken prior to discharge from hospital included smoking status, index of multiple 

deprivation, comorbidity burden (age-adjusted Charlson Comorbidity Index), respiratory disability 

(extended MRC [eMRC] dyspnoea score (138)), and DECAF score (85)). In addition, the following were 

measured on the day of hospital discharge, or at home within 48 hours of hospital discharge if 

collection of outcome measures would delay hospital discharge, prior to randomisation:  

• Independence in activities of daily living (London Chest ADL Questionnaire [LCADL]);  

• Accelerometer-measured daily physical activity (ActiGraph GT3X);  

• Short Physical Performance Battery (SPPB);  

• Hand grip strength;  

• HRQoL (COPD Assessment Test [CAT]);  

• Health utility (Euro-QoL 5-dimensions 5-levels [EQ5D5L]);  

• Anxiety and depression (Hospital and Anxiety Depression Scale [HADS]);  

• Fatigue (modified Center for Epidemiologic Studies Depression [mCES-D] score); 

• Six-minute step test (6MST); and  

• Body composition (bioelectrical impedance analysis [BIA]).  

 

The same measures were re-measured at four weeks and 12 weeks following hospital discharge.  
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6.4.7.1 Smoking status (smoking history and pack years)  

Smoking history and pack year history were recorded at baseline to determine smoking status as 

described in sections 2.4.5.4 and 3.4.7.1.  

 

6.4.7.2 Index of multiple deprivation  

Index of multiple deprivation was calculated at baseline using the patients’ home postcode as 

described in section 2.4.5.5. 

 

6.4.7.3 Comorbidity burden (age-adjusted Charlson Comorbidity Index) 

The age-adjusted Charlson Comorbidity Index was recorded at baseline to determine comorbidity 

burden, and subsequent morality risk for patients admitted to hospital (141) as described in section 

3.4.7.2.  

 

6.4.7.4 DECAF score 

DECAF score was calculated at baseline as it is a well-established, validated prognostic marker for 

hospitalised AECOPD (85) as described in section 2.4.5.6. 

 

6.4.7.5 Respiratory disability (eMRC dyspnoea scale) 

The eMRC dyspnoea score was recorded to measure respiratory disability at baseline, four weeks and 

12 weeks as described in section 3.4.7.7. The eMRC dyspnoea scale divides those in category 5 “too 
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breathless to leave the house” into 5a (those able independently to manage washing and/or dressing) 

and 5b (those requiring assistance with both washing and dressing) to include an assessment of a 

patient's capacity to manage personal care. It is used to predict in-hospital mortality as part of the 

DECAF score (225).  

  

6.4.7.6 Ability to complete activities of daily living (ADL) (LCADL scale) 

The LCADL scale was recorded to measure difficulty and ability to complete ADLs at baseline, four 

weeks and 12 weeks. This is a measure of ability to perform activities of daily living, and has 17 items, 

and four sub-domains: self-care, domestic, physical, and leisure (Figure 6.2) (226). Total score ranges 

from 0 to 75, with sub-domain scores 0 to 20, 0 to 30, 0 to 10 and 0 to 15 for self-care, domestic, 

physical, and leisure respectively. The higher the score, the greater breathlessness experienced 

completing ADLs. The LCADL scale has been shown to be reliable and valid for use in COPD and 

correlate with other established measures (226, 227), as well as responsive to PR (227). The proposed 

minimal detectable change of LCADL scale is 4 points (228). 
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Figure 6.2. London Chest Activities of Daily Living questionnaire. 
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6.4.7.7 Accelerometer-measured daily physical activity (ActiGraph wGT3x) 

In order to measure physical activity, patient participants were invited to wear a tri-axial 

accelerometer (ActiGraph wGT3x (229)) for seven days and nights (for 24 hours a day, except when 

performing personal hygiene tasks) at baseline, four weeks and 12 weeks. This ActiGraph monitor has 

been validated for use in patients with COPD to measure physical activity when worn on the hip (229). 

Figure 6.3 illustrates the position the Actigraph wGT3x is worn.  

 

 
Figure 6.3. Position for wearing ActiGraph wGT3x.  
 

 

6.4.7.8 The Short Physical Performance Battery (SPPB)  

The SPPB was recorded to measure lower limb functional performance and physical frailty status at 

baseline, four weeks and 12 weeks (230-232). It comprises an assessment of three components: 

standing balance, usual walking speed (as detailed in section 3.4.7.5) and ability to stand from a chair. 

Each component is scored from 0-4, with a total score out of 12. Higher scores indicate better 

functional performance. Appendix 4 provides the standard operating procedure for measuring and 

scoring SPPB.  
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6.4.7.9 Hand grip strength  

Hand grip strength was recorded at baseline, four weeks and 12 weeks. This was measured using a 

Jamar Hand Grip Dynamometer which has an adjustable grip to accommodate the users hand size 

(Figure 6.4). Measurement was standardised (233) and normalised to population values (234). Grip 

strength has been correlated with overall body strength, and associated with mortality in COPD (235).  

 

 
Figure 6.4. Jamar Hand Grip Dynamometer. 
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6.4.7.10 HRQoL (COPD Assessment Test [CAT])  

The CAT was recorded to measure HRQoL at baseline, four weeks and 12 weeks as detailed in Section 

3.4.7.8. Figure 3.7. includes the CAT questionnaire. 

 

6.4.7.11 Health utility (Euro-QoL 5-dimensions 5-levels [EQ5D5L])  

The EQ5D5L questionnaire was recorded to measure health utility at baseline, four weeks and 12 

weeks. The EQ5D5L comprises a visual analogue scale and five-item questionnaire with the following 

domains: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression (Figure 6.5) 

(236). It has been shown to be valid in COPD, as well responsive to PR, with a minimum clinically 

important difference of 0.051 and 7 for utility index and visual analogue scale respectively (236). 
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Under each heading, please tick the ONE box that best describes your health TODAY. 

MOBILITY  

I have no problems in walking about ❑ 

I have slight problems in walking about ❑ 

I have moderate problems in walking about ❑ 

I have severe problems in walking about ❑ 

I am unable to walk about ❑ 

SELF-CARE  

I have no problems washing or dressing myself ❑ 

I have slight problems washing or dressing myself ❑ 

I have moderate problems washing or dressing myself ❑ 

I have severe problems washing or dressing myself ❑ 

I am unable to wash or dress myself ❑ 

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure 

activities)  

I have no problems doing my usual activities ❑ 

I have slight problems doing my usual activities ❑ 

I have moderate problems doing my usual activities ❑ 

I have severe problems doing my usual activities ❑ 

I am unable to do my usual activities ❑ 

PAIN / DISCOMFORT  

I have no pain or discomfort ❑ 

I have slight pain or discomfort ❑ 

I have moderate pain or discomfort ❑ 

I have severe pain or discomfort ❑ 

I have extreme pain or discomfort ❑ 

ANXIETY / DEPRESSION  

I am not anxious or depressed ❑ 

I am slightly anxious or depressed ❑ 

I am moderately anxious or depressed ❑ 

I am severely anxious or depressed ❑ 

I am extremely anxious or depressed ❑ 
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Figure 6.5. Euro-QoL 5-dimensions 5-levels questionnaire. 
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6.4.7.12 Anxiety and depression (HADS)  

The HADS was used to measure levels of anxiety and depression at baseline, four weeks and 12 weeks. 

The 14-item scale is comprised of seven items related to anxiety and seven related to depression. Each 

item is scored from 0 to 3. Scores for the seven anxiety and seven depression items both range from 

0 to 21, with scores of ≤7, 8 to 10 and ≥11 indicating normal mood, presenting with anxiety or 

depression and probable mood disorder respectively (Figure 6.6) (237). The minimal important 

difference in patients with COPD is -1.5 for both anxiety and depression (238). 
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Figure 6.6. Hospital Anxiety and Depression Scale. 
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6.4.7.13 Fatigue (mCES-D)  

Two questions from the CES-D scale (239) were recorded to measure levels of fatigue at baseline, four 

weeks and 12 weeks. Each question is scored 0 to 3, and a higher the score indicates higher levels of 

fatigue (Figure 6.7).  

 

 
Figure 6.7. Modified Centre for Epidemiologic Studies Depression questionnaire. 

 

6.4.7.14 Six-minute step test (6MST)  

Participants were invited to perform the 6MST at baseline, four weeks and 12 weeks to measure 

functional capacity. Participants were asked to step-up and down a 20cm portable step for six minutes. 

Measures of breathlessness, perceived exertion and leg fatigue, oxygen saturation levels and heart 
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rate were recorded pre-, during and post- test. The total number of steps achieved in six minutes were 

used for analysis. The 6MST of free cadence was developed from the same principles as the six-minute 

walk test. In patients with COPD the 6MST has been shown to have excellent intra-rater reliability 

(240) and correlate strongly with exercise capacity (241). A cut-off point of 78 steps was able to 

identify patients with poor exercise capacity (240). Staff trained to follow the local standard operating 

procedure performed the 6MST assessments (Appendix 5).  

 

6.4.7.15 Body composition (bioelectrical impedance analysis)  

Bioelectrical impedance analysis was recorded to measure body composition using a Bodystat 

Quadscan 4000 (Figure 6.8) at baseline, four weeks and 12 weeks (242). This procedure involves 

sending a very small current through the body (800 mA at 50 kHz) and measuring its resistance via 

electrodes placed on the hands and feet (Figure 6.9 shows correct electrode placement). The current 

cannot be felt by the patient. This method of measuring body composition has been shown to be 

reproducible in patients with COPD undergoing PR (243). Staff trained to follow the local standard 

operating procedure performed the bioelectrical impedance analysis assessments. 
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Figure 6.8. Bodystat Quadscan 4000. 
 

 

 
Figure 6.9. Correct electrode placement using Bodystat Quadscan 4000. 

 

6.4.8 Study outcomes 

6.4.8.1 Study feasibility outcomes 

Outcome measures to determine study feasibility of a future efficacy trial included: 

1. Number of patients screened for eligibility, proportion of eligible patients randomised; 

proportion of participants remaining in the study at four weeks and 12 weeks; 
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2. Proportion of patients for which assessor blinding is maintained at four weeks and 12 

weeks; and 

3. Completion rates and missing data for clinical outcome measures at baseline, four 

weeks and 12 weeks (detailed in section 6.4.7).  

 

6.4.8.2 Intervention feasibility outcomes 

Outcome measures to determine intervention feasibility of a future efficacy trial included:  

1. Number of HaH visits and type of HaH care provided; proportion implemented by 

different healthcare professionals; contamination in usual care group; 

2. Home-based exercise training uptake and adherence; 

3. Proportion referred to outpatient-based PR at discharge and on discharge from HaH 

service; and  

4. Uptake and completion of outpatient-based PR. 

 

6.4.8.3 Clinical outcomes  

The outcome measures detailed in section 6.4.7 were collected at baseline, four weeks and 12 weeks. 

 

6.4.8.4 Safety outcomes 

Safety outcomes in the 12-week follow-up period were: 

1. Adverse events; 

2. Mortality (including time to death); and 
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3. Hospital readmissions (including number of hospital admissions and number of inpatient 

bed days). 

 

6.4.8.5 Qualitative outcomes  

The qualitative outcomes were to understand experiences of people living with COPD, their family 

members or informal carers and healthcare professionals of the HaH model of care, including 

acceptability and integration across services. Each stakeholder group had a stakeholder group specific 

topic guide (Appendix 6 includes the final versions of the topic guides). The patient participant, family 

carer and healthcare professional interviews were primarily focused around feasibility and 

acceptability of the study intervention and integration between PR and HaH; the researcher interviews 

were primarily focussed around feasibility of study delivery and acceptability of study assessments.  

 

The two researchers who conducted the interviews and focus groups were involved in devising and 

inductively updating the topic guides throughout the qualitative components of this study.  This was 

done via initial scoping meetings to ensure the researchers conducting the interviews and focus 

groups understood the nuances of the prompts I had suggested within the first iteration of the topic 

guides, and through routine verbal debriefing between myself and the two researchers after each 

interview or focus group. The debriefs were supported by field notes regarding contextual factors and 

reflections. Appendix 7 includes the reflective proforma completed after each interview or focus 

group.  

 

The first iteration of the patient participant interview topic guide underwent minor revisions prior to 

the first interview. This was to create separate patient participant and family carer interview topic 

guides as the first iteration of the topic guide was generic. Some of the prompts were also reworded 
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to aid the clarity of the probing information for the researchers. Sections related to the context of why 

the interviews were being conducted and the qualitative objectives was also added to the beginning 

of this iteration of the topic guide to support the two researchers in opening an initial dialogue with 

the interviewees.  

 

The topic guides were subsequently inductively updated at two of the debriefing meetings. The first 

meeting resulted in the additional prompts to aid exploration of unmet needs and barriers to the 

intervention more fully. Another adaptation was to refine the language used in the family carer 

interview topic guide to make the prompts more relevant to family carers.  

 

The final adjustments made to the topic guides were to more specifically tailor the topic guides for 

telephone or online interviews and focus groups as opposed to face-to-face data collection. This 

occurred as a result of the restrictions imposed due the COVID-19 pandemic. The amendments 

included additional checks at start and end of interview regarding consent and participant well-being 

respectively, as well as prompts to understand the impact of COVID-19.  

 

All the iterations of the topic guides were approved by both researchers and myself prior to use to 

confirm the amendments reflected both the researcher’s perceptions of the updates required as well 

as to ensure I felt the objectives of the study were retained.  
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6.4.9 Sample size 

6.4.9.1 Trial sample size  

There was no formal sample size calculation based on an effect size as this is not appropriate for 

feasibility studies (244). However, sample sizes of 24-50 participants (in each group) have been 

recommended for assessing the feasibility of an intervention (245, 246), whilst Browne et al. state that 

at least 30 patients should be included to estimate a parameter for any future sample size calculation 

(247). Therefore, allowing for up 25% attrition, 80 patient participants (40 per group) was the 

recruitment target.  

 

6.4.9.2 Qualitative interviews sample size  

The sample size for the embedded qualitative interviews was based on the predicted minimum 

number of interviews likely required to achieve saturation based upon the concept of Information 

Power (152). Section 3.4.9.2 provides further detail regarding data saturation and Information Power. 

A minimum number of 12 interviews were thus intended to be completed in this study (153).  

 

6.4.9.3 Qualitative focus groups sample size  

Using the same concept of Information Power (152) as applied for the interview sample size, a 

minimum of two, and up to six focus groups were anticipated to be required (248). Therefore, a 

minimum of two focus groups were planned to be conducted.  
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6.4.10 Data analysis 

A segregated analysis method (154), which complements the convergent mixed methods design 

selected for this study (100)) commenced with initial analysis of the quantitative and qualitative data 

undertaken separately. The statistical analysis plan (section 6.4.10.1) and qualitative analysis plan 

(section 6.4.10.2) are outlined below. Following initial analysis of the quantitative and qualitative data 

separately, the findings were subsequently integrated. Section 6.4.10.3 provides details of the 

integrated analysis plan.  

 

6.4.10.1 Statistical analysis 

A CONSORT flow diagram was drawn up to detail the number of eligible patients and the number 

consenting. A breakdown of the numbers of participants completing the study protocol and analysed 

was included with the missing data summarised overall and by study group. Feasibility outcomes were 

described using proportions and corresponding 95% CIs, or for continuous variables, mean (SD) and 

median IQR). Clinical and safety outcomes were described without effect size or inferential testing. 

 

6.4.10.2 Qualitative analysis 

I analysed the qualitative data, supported by a co-analyst for a subsample of transcripts, using 

inductive thematic analysis (249) involving five key stages (familiarisation, coding, theme 

development, defining themes and reporting), facilitated by NVivo (250, 251). Analysis of interviews 

and focus groups explored the views of patient participants, family members and informal carers, and 

healthcare professionals. A particular focus was on similarities and differences between stakeholder 

groups. This was considered important due to the inherently linked, but potentially divergent 

experiences, of these key stakeholders (177).  
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6.4.10.3 Integrated analysis 

A mixed method matrix (205) of patient participants and family member and informal carer key 

qualitative and quantitative data was used to illuminate barriers and facilitators for intervention 

completion to inform intervention optimisation prior to a efficacy trial. The data sets were also 

compared according to the study feasibility, clinical outcomes and safety to gain a more in-depth 

understanding of these outcomes. The integrated analysis is reported using a modified joint display 

table (178).  

 

During the integration phase, when the quantitative and qualitative data were used to explore the 

same phenomenon, they were compared to ‘confirm’ or ‘refute’ each other. When differing constructs 

were explored in the quantitative and qualitative data, these data were used to ‘complement’ each 

other. ‘Silence’ exists when an aspect of a phenomenon was only present in either quantitative or 

qualitative data set. Section 4.3.9 provides the rationale for using this process of triangulation (179). 

 

6.5 QUANTITATIVE RESULTS 

Study screening took place from 1st November 2019 to 11th March 2020. Sixteen patients were 

recruited, and all 16 were randomised (eight per group). Section 6.5.1 provides the baseline 

characteristics (demographics, questionnaire scores and physical assessment results). Section 6.5.2 

provides a commentary of participant flow along with results related to the other study feasibility 

outcomes. The remaining sections report the findings related to intervention feasibility, clinical 

outcomes and safety.  
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6.5.1 Baseline characteristics 

The baseline demographics of the 16 participants randomised are shown in Table 6.3. 56% of the 

randomised participants were male, with a mean (SD) age of 74 (9) years. At baseline, the participants 

had severe airway obstruction (median [IQR]: FEV1 29 [21, 40]) percent predicted), significant 

respiratory disability (87% with an eMRC dyspnoea score of 4, 5a or 5b) and a normal BMI (mean [SD]: 

27.3 [6.6] kg/m2). Inpatient length of stay was a median (IQR) of 4 (2, 6) days, with 31% requiring non-

invasive ventilation during their hospital admission.  

 

The baseline questionnaire scores and physical assessment findings for the whole group, and 

according to group allocation, are presented in Tables 6.4 and 6.5 respectively. Patients had a high 

burden of COPD (mean [SD] CAT score: 22 [9] (149)), were physically frail (mean [SD] SPPB score of 7 

[3] (252), and had poor exercise capacity (median [IQR] number of steps completed during 6MST of 

21 [9, 36] (240)) at hospital discharge.  
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Table 6.3. Baseline demographics for whole group and according to group allocation  

Variable 
Whole group  

(n=16) 
Intervention 

(n=8) 
Control 

(n=8) 
Age* (years) 74 (9) 74 (8) 74 (11) 

Male* (n (%)) 9 (56) 4 (50) 5 (63) 

BMI (kg/m2) 27.3 (6.6) 25.5 (7.7) 29.2 (5.0) 

FEV1 (% 
predicted) 

29 (21, 40) 38 (19, 44) 28 (27, 34) 

FEV1/FVC ratio 0.43 (0.17) 0.44 (0.21) 0.43 (0.12) 

DECAF (n=12) 2 (1, 3) 2 (1, 3) 2 (1, 3) 

eMRC (3; 4; 5a; 
5b) (n) 

2; 4; 8; 2 1; 1; 6; 0 1; 3; 2; 2 

Previous 
respiratory-cause 
hospitalisations 
in past 12 
months* 

3 (2) 4 (3) 2 (1) 

Age-adjusted 
Charlson 
Comorbidity 
Index* 

4 (3, 5) 5 (4, 6) 4 (3, 5) 

Index of multiple 
deprivation 
decile 

5 (2) 6 (2) 5 (3) 

Index of multiple 
deprivation rank 

16568 (8476) 18203 (7856) 14934 (9280) 

Inpatient length 
of stay (days) 

4 (2, 6) 3 (2, 5) 6 (3, 9) 

Smoking status 
(ex-smoker; 
current smoker; 
ex-smoker, 
current vapor) 
(n) 

10; 5; 1  6; 2; 0  4; 3; 1  

Triple inhaled 
therapy 
prescribed prior 
to admission 
(yes) (n) 

13 5 8 

Pack year history 
(years)   

51 (30, 61) 45 (23, 56) 56 (33, 117) 

Car driver (yes) 
(%) 

31 25 38 

Usual walking aid 
(none; stick, 
frame) (%) 

81; 13; 6 75; 25; 0 88; 0; 13 

Independence 
with ADLs 
(independent; 
informal care 
from family; 

38; 50; 13 50; 38; 13 25; 63; 13 
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formal carers) 
(%) 

Usually able to 
climb stairs (yes) 
(%) 

56 63 50 

Living 
arrangements 
(lives alone; with 
partner) (%) 

38; 63 38; 63 38; 63 

Working status 
(paid 
employment; 
unemployed; 
retired) (%) 

6; 13; 81 0; 12; 88 13; 12; 75 

Self-reported 
moderate 
exacerbations in 
past 12 months 

3 (1, 4) 0 (2, 7) 3 (2, 5) 

Non-invasive 
ventilation 
required during 
admission (yes) 
(%) 

31 13 50 

Domiciliary 
oxygen required 
on discharge 
(yes) (%) 

13 13 13 

History of falls in 
past 12 months 
(yes) (%) 

13 25 0 

Date reported as mean (SD) or median (25th centile, 75th centile) unless otherwise stated. N=16 for 
whole group unless otherwise stated.  
Abbreviations: DECAF: dyspnoea, eosinophils, consolidation, acidaemia, atrial fibrillation; eMRC: 
extended Medical Research Council; FEV1: Forced expiratory volume in one second; FRAIL: fatigue, 
resistance, ambulation, illnesses, loss of weight; FVC: forced vital capacity; kg: kilogram. 
* = minimisation variable 
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Table 6.4. Baseline questionnaire scores for whole group and according to group allocation  

Variable 
Whole group  

(n=16) 
Intervention 

(n=8) 
Control 

(n=8) 
LCADL – total  38 (14) 33 (14) 42 (13) 

LCADL – self-care 11 (5) 10 (5) 12 (5) 

LCADL - domestic 15 (9) 12 (9) 17 (10) 

LCADL – physical  5 (2) 5 (3) 6 (1) 

LCADL – leisure  7 (2) 7 (2) 8 (2) 

CAT  22 (9) 21 (9) 23 (8) 

EQ5D5L Utility 
Index 

0.80 (0.60, 0.85) 0.80 (0.68, 0.84) 0.74 (0.41, 0.86) 

EQ5D5L Visual 
Analogue Scale 

60 (16) 66 (16) 53 (14) 

HADS-Anxiety 7 (6) 4 (1, 15) 8 (6) 

HADS-Depression 8 (3) 7 (3) 8 (4) 

mCES-D scale: 
“I felt that 
everything I did 
was an 
Effort.” 

2 (1, 3) 1 (1, 3) 3 (1, 3) 

mCES-D scale:   
“I could not get 
“going”.” 

2 (1, 3) 2 (1, 3) 3 (1, 3) 

Date reported as mean (SD) or median (25th centile, 75th centile) unless otherwise stated.   
Abbreviations: CAT: COPD Assessment Test; EQ5D5L: Euro-Qol 5-dimentions 5-levels; HADS: Hospital 
Anxiety and Depression; LCADL: London Chest Activities of Daily Living scale; mCES-D: Modified Center 
for Epidemiologic Studies Depression. 
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Table 6.5. Baseline physical assessment findings for whole group and according to group allocation  

Variable Whole group  Intervention Control 
Hand grip 
strength (% 
predicted) (n=15) 

86 (75, 98)  83 (74, 105) 86 (86, 93) 

SPPB – total 
score (n=14) 

7 (3) 7 (3) 7 (3) 

SPPB – 5STS time 
(secs) (n=15) 

14.25 (13.44, 16.07) 14.25 (12.23, 16.07) 14.22 (13.24, 19.91) 

SPPB – 4MGS 
(secs) (n=13) 

7.26 (3.01) 7.60 (3.30) 6.70 (2.74) 

SPPB – 4MGS* 
(m/s) (n=13) 

0.65 (0.26) 0.63 (0.29) 0.67 (0.24) 

SPPB – balance 
score (n=15) 

3 (1) 4 (2, 4) 2 (2, 4) 

6MST (number of 
steps) (n=7) 

21 (9, 36) 18 (8, 56) 21 (3, 36) 

Fat-free mass 
index (kgm-2) 
(n=12) 

21.5 (15.3, 45.3) 19.8 (13.4, 24.2) 23.6 (15.4, 57.0) 

Date reported as mean (SD) or median (25th centile, 75th centile) unless otherwise stated. N=16 for 
whole group unless otherwise stated.  
Abbreviations: 4MGS: four metre gait speed; 5STS: five repetition sit to stand; 6MST: 6 minute step 
test; kg: kilogram; m: metres; m/s: metres/second; secs: seconds; SPPB: Short Physical Performance 
Battery.  
* = minimisation variable 
SPPB data: n=5 tried but were unable to complete 5STS; n=1 tried but was unable to walk 4 metres; 
n=1 insufficient space to attempt 4MGS assessment in home. 
 

 

6.5.2 Study feasibility  

Figure 6.10 provides a study flow diagram, which includes the study feasibility outcomes for study 

flow and participant attrition. 
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Figure 6.10. Study flow diagram. 
Abbreviations: COPD: chronic obstructive pulmonary disease; HIRS: Hillingdon Integrated Respiratory 
Service. 
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Of 169 hospital episodes screened, 132 were confirmed hospitalisation for an AECOPD, with cases 

excluded because admission was non-COPD related (n=27) or a diagnosis of COPD could not be 

confirmed (n=10). Of the remaining 132 hospital episodes, only 31 were eligible for randomisation 

with not fulfilling criteria for HaH support the most common reason for exclusion (n=65). Forty-one of 

those not fulfilling criteria for HaH was due to not requiring nursing-support at discharge.  

 

Eight out of 15 eligible episodes were not approached for recruitment as they had already been trial 

participants. Other reasons for non-recruitment were: not wishing to undertake intervention (n=5), 

and researcher unavailable to recruit (n=2). All 16 recruited participants were randomised, with one 

withdrawn from the study post-randomisation due to no longer being suitable for HIRS support at 

discharge due to a bed bug outbreak. Retention rates at four weeks and 12 weeks, with reasons for 

attrition, are included in Figure 6.10. 

 

Assessors were unblinded for 4 out of 12 (33%) and 2 out of 11 (18%) assessments at four weeks and 

12 weeks respectively. Reasons for unblinding at four weeks included: assessments were completed 

by an unblinded researcher (n=2), researcher unblinded by a patient participant (n=1), and researcher 

unblinded by a patient’s relative (n=1). Two 12-week assessments were completed by an unblinded 

researcher.  

 

Completion rates and missing data for clinical outcome measures at baseline, four weeks and 12 weeks 

are reported in Table 6.6 for the whole group.  
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Table 6.6. Completion rates of clinical outcome measures at baseline, 4 weeks and 12 
weeks for whole group   

Study outcome 
Baseline 
(n=16) 

4 weeks  
(n=12) 

12 weeks 
(n=11) 

CAT  16 12 11 

HADS 16 12 11 

mCES-D  16 12 11 

LCADL  16 12 11 

EQ5D5L (UI) 16 12 11 

EQ5D5L (VAS) 16 11 10 

eMRC 16 11 10 

Hand grip strength* 15 9 2 

SPPB* 14 9 3 

BIA* 12 7 3 

Agreement to 
complete 6MST* 
(yes; no; unable as at 
home-based 
assessment) 

12; 2; 2 5; 1; 3 2; 2; 1 

6MST completion$ 
(yes; unable to do a 
step unsupported) 

7; 5 4; 1 2; 0 

Physical activity 
levels 

3 4 2 

Data reported as n.  
$ Denominator for 6MST completion is those who agreed to complete the 6MST.  
*at 4 weeks: 3 out of the 12 participants outcomes and assessments were completed 
via telephone as face-to-face contact due to COVID-19 was suspended therefore 
outcomes and assessments which required face-to-face contact could not be 
completed; At 12 weeks: 6 out of the 11 participants outcomes and assessments were 
completed via telephone as face-to-face contact due to COVID-19 was suspended 
therefore outcomes and assessments which required face-to-face contact could not 
be completed. 
Abbreviations: 6MST: 6 minute step test; BIA: bioelectrical impendence analysis; CAT: 
COPD Assessment Test; eMRC: extended Medical Research Council; EQ5D5L: Euro-Qol 
5-dimentions 5-levels; HADS: Hospital Anxiety and Depression; LCADL: London Chest 
Activities of Daily Living scale; mCES-D: Modified Center for Epidemiologic Studies 
Depression; SPPB: Short Physical Performance Battery; UI: utility index; VAS: visual 
analogue scale. 

 

 

There was no discernible difference between the completion of outcomes according to study groups. 

At all three assessments, collection of questionnaire data was most complete. Of the physical 

measures assessed, hand grip strength and SPPB were the most complete measures. Floor effect of 

the 6MST was evident at baseline, with 41% of the participants who agreed to complete the measure 
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unable to complete one step. However, the data suggests a greater proportion of participants who 

agreed to complete a 6MST at four weeks and 12 weeks were able to complete one step (80% and 

100% respectively). Finally, there was a low level of participant agreement to monitoring of physical 

activity levels using a hip-worn accelerometer.  

 

6.5.3 Intervention feasibility  

The median (IQR) number of HaH visits provided was 4 (2, 6) for the whole group, with no difference 

between the two group (median [IQR]: 5 [3, 10] and 4 [2, 4] number of visits for the intervention and 

control group respectively, p=0.281). Four of the five patients who received additional care beyond 

usual HaH care (e.g. advice on airway clearance techniques, pacing, position of ease and relaxed 

breathing techniques) were in the intervention group, suggesting contamination of the intervention 

into usual care group was limited. Fourteen of the participants who received the COPD discharge 

bundle received all its constituent parts at both discharge from hospital and at the end of HaH care. 

When delivered at hospital discharge, ten of the COPD discharge bundles delivered were by a hospital 

practitioner not involved in PR delivery. Nine of the COPD discharge bundles delivered at discharge 

from hospital at home were by a current PR practitioner. The number of patients referred to 

outpatient-based PR when discussed as part of the COPD discharge bundle at discharge from hospital 

and at the end of HaH care was 3 and 2 respectively. Three of the five patients referred took up PR; 

two completed the programme however one only stopped prematurely due to COVID-19 pandemic.  

 

The fidelity of the home-based exercise training programme is reported in Table 6.7, with the main 

reasons for session non-completion reported. One participant had 8 home-based PR sessions planned 

prior to commencing outpatient-based PR, at which point home-based PR was stopped.  
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Table 6.7. Home-based exercise training uptake and adherence according to each participant allocated 
to the intervention group 

Study 
outcome 

P02 P04 P06 P08 P11 P12 P14 P16 

Number of 
sessions 
planned 

16 16 16 16 16 16 16 16 

Sessions 
completed 

9 (56) 0 (0) 3 (19) 6 (38) 9 (56) 0 (0) 1 (6) 1 (6) 

Not completed 
due to re-
exacerbation or 
readmission 

6 (38) 11 (69) 9 (56) 2 (13) 4 (25) 11 (69) 0 (0) 0 (0) 

Not completed 
due to another 
hospital 
appointment 

1 (6) 0 (0) 1 (6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Not completed 
due to COVID-
19 

0 (0) 0 (0) 0 (0) 0 (0) 3 (19) 0 (0) 15 (94) 15 (94) 

Not completed 
due to starting 
outpatient-
based PR 

0 (0) 0 (0) 0 (0) 8 (50) 0 (0) 0 (0) 0 (0) 0 (0) 

Not completed 
due to other 
reasons*  

0 (0) 5 (31) 3 (19) 0 (0) 0 (0) 5 (31) 0 (0) 0 (0) 

Data reported as n or n (%). Denominator=16 sessions. 
*Other reasons for non-completion of sessions included taking care of grandchildren; chronic low 
back pain; declined following a poor night’s sleep.  

 

Four of the five participants referred to outpatient-based PR were in the control group. All three who 

attended a pre-PR assessment took up outpatient-based PR, with two completing the programme. 

One participant discontinued the PR course due to COVID-19. Of interest, the participants recruited 

to this study were not a PR-naïve group: 15 of the 16 participants recruited had previously been 

referred to outpatient-based PR (seven and eight in the intervention and control groups respectively), 

with 11 having previously completed a programme (five and six in the intervention and control groups 

respectively). 
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6.5.4 Clinical outcomes 

Table 6.4 and Table 6.5 in section 6.5.1 shows the clinical outcome measures at baseline for the whole 

group and according to group allocation. Table 6.8 reports the change in clinical outcome measures 

between the baseline and four-week assessment and the baseline and 12-week assessment according 

to group allocation.  

 

Table 6.8. Change in clinical outcome measures between the baseline and 4-week assessment and 
baseline and 12-week assessment according to group allocation 

Study 
outcome 

Baseline and 4 weeks Baseline and 12 weeks 
Intervention group Control group Intervention group Control group 

n  n  n  n  

∆ LCADL –  
total  

8 7 (16) 4 -1 (3, 15) 7 4 (13) 4 
-8  

(-11, -5) 

∆ LCADL –  
Self-care 

8 0 (0, 5) 4 -2 (-4, 1) 7 1 (6) 4 
-11  

(-20, 2) 

∆ LCADL – 
domestic 

8 5 (0, 9) 4 -1 (-4, 3) 7 2 (5) 4 -3 (-6, -1) 

∆ LCADL – 
physical 

8 0 (2) 4 -1 (-1, 1) 7 0 (4) 4 0 (0, 1) 

∆ LCADL – 
leisure  

8 0 (3) 4 1 (0, 2) 7 1 (4) 4 -1 (-2, 1) 

∆ SPPB –  
total score 

6 1 (-2, 1) 3 -1 (-4; 0) 1 1 2 -1; 2 

∆ SPPB –  
5STS time (secs) 

3 
0.47  

(-1.18; 0.06) 
3 

0.25  
(-2.40; 5.29) 

1 0.09 2 -0.38; 0.19 

∆ SPPB –  
4MGS (m/s) 

5 -0.01 (0.17)  3 
-0.6  

(-0.25; 0.08) 
1 0.07 2 -0.09; 0.12 

∆ SPPB – 
balance score  

5 1 (0, 2) 3 0 (-1; -1) 1 1 2 0; 0 

∆ Hand grip 
strength (% 
predicted) 

6 -9 (-29, -4) 3  -3 (-14; -4) 1 -11 1 9 

∆ CAT  8 2 (-2, 6) 4 1 (-3, 3) 7 2 (8) 4 -1 (-3, 4) 

∆ EQ5D5L UI 
8 

-0.10  
(-0.47, 0.01) 

4 
0.05  

(-0.15, 0.38) 
7 

-0.03  
(-0.43, 0.01) 

4 
0.13  

(-0.13, 0.37) 

∆ EQ5D5L VAS 7 -11 (27) 4 5 (-11, 10) 6 -5 (16) 3 11 (0; 15) 

∆ HADS-A 8 2 (0, 2) 4 3 (-6, 4) 7 3 (-3, 4) 4 -4 (-9, 0) 

∆ HADS-D 8 1 (-2, 5) 4 2 (-1, 6) 7 -2 (-3, 5) 4 0 (-1, 6) 

∆ mCES-D “I felt 
that everything I 
did was an 
effort.” 

8 -2 (0, 1) 4 0 (-1, 0) 7 0 (-1, 0) 4 -1 (-1, 0) 
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∆ mCES-D “I 
could not get 
“going”.” 

8 -1 (-1, 1) 4 -1 (-1, 1) 7 0 (-1, 0) 4 0 (-1, 0) 

∆ 6MST 3 1 (-2; 23) 0 - 1 36 0 - 

Data reported as mean change (SD) or median change (25th centile, 75th centile) for variables where n=≥4. 
Data reported as median change (minimum; maximum) for variables where n=3. Data reported as raw 
change values for variables where n=≤2. 
Abbreviations: ∆: change; 6MST: 6 minute step test; CAT: COPD Assessment Test; EQ5D5L: Euro-Qol 5-
dimentions 5-levels; HADS-A: Hospital Anxiety and Depression-Anxiety; HADS-A: Hospital Anxiety and 
Depression-Depression; LCADL: London Chest Activities of Daily Living; mCES-D: Modified Center for 
Epidemiologic Studies Depression; secs: seconds; SPPB: Short Physical Performance Battery; UI: utility index; 
VAS: visual analogue scale.  

 

 

6.5.5 Clinical safety 

Safety data is presented in Table 6.9. The majority of re-hospitalisations were respiratory-related (10 

of the 12 serious adverse events were respiratory-related re-hospitalisations). One non-serious 

adverse event was worsening of chronic low back pain that was related to study intervention; all other 

non-serious and serious adverse events were not related to study intervention.  
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Table 6.9. Safety outcomes (adverse events, readmissions and mortality) according to whole group 
and group allocation by participants reporting event, event classification and event nature  

Study outcome 
Whole group 
(n=16) 

Intervention 
(n=8) 

Control 
(n=8) 

Participants reporting events 

Participates reporting 
an adverse or serious 
adverse event in 12 
weeks  

12/16 6/8 6/8 

Participants reporting 
1 adverse or serious 
adverse event in 12 
weeks 

2/12 0/6 2/6 

Participants reporting 
>1 adverse or serious 
adverse event in 12 
weeks 

10/12 6/6 4/6 

Non-serious adverse events 

Adverse events 
reported which were 
non-serious  

12/27 8/17 4/10 

Serious adverse events 

Adverse events 
reported which were 
serious  

15/27 9/17 6/10 

Adverse events 
reported which were 
serious which 
required 
hospitalisation 

12/27 8/17 4/10 

Adverse events 
reported which were 
serious which resulted 
in death 

3/27 1/17 2/10 

Nature of events 

Adverse or serious 
adverse events of 
respiratory nature  

22/27 14/17 8/10 

Non-serious adverse 
events which were re-
exacerbations of 
COPD  

10/12 7/8 3/4 

Serious adverse 
events which required 
hospitalisation and 
respiratory-cause for 
readmissions  

10/12 6/8 4/4 

Serious adverse 
events which required 
hospitalisation and 
resulted in death and 

1/3 0/1 1/2 
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were respiratory-
cause for 
readmissions  

Mortality 

Mortality rate in 12 
weeks  

3/16 1/8 2/8 

Data reported as n. 
In total 27 adverse events were reported; 17 adverse events were reported in total by those in the 
intervention group, 10 adverse events were reported in total by those in the control group.  
Other causes of non-serious or serious adverse events reported: dermatological, n=1; gastro-intestinal, 
n=1; musculoskeletal, n=1; fall, n=1; haematological, n=1. 
The median (IQR) length of inpatient stay for the 15 serious adverse events was 5 (4, 7) days. 
Time to death was 60 days for the participant in the intervention group, and 18 and 49 days for the 
participants in the control group.  
 
 

6.6 QUALITATIVE RESULTS 

Table 6.10 provides a summary of the qualitative components, and the number of participants from 

each: as stated in section 3.4.61, the differing participant types are described as ‘stakeholders’ given 

that all can either affect, or be affected by, the intervention (136). For this qualitative analysis, the 

hospital admission when the patient was approached and recruited to this study was termed their 

‘index admission’. Section 6.6.1 provides a between-stakeholder summary of the qualitative results, 

which compares the perspectives between the specific stakeholder groups.   

 

Table 6.10. Qualitative component participants  

1:1 interview 

Stakeholder group No. completed 

Patient with COPD 5 

Family carer of patients with COPD 2 

Researcher 4 

Focus group 

Stakeholder group No. per group 

Pulmonary Rehabilitation team 6 

Hillingdon Integrated Respiratory Service   4 
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The findings from the patient participant and family carer interviews are presented as a narrative 

summary with supporting indicative anonymised quotes in section 6.6.2. The focus groups were 

conducted with healthcare professionals to explore care-provider perspective. The final qualitative 

component to this study were four interviews with members of the research team involved in study 

delivery. The findings from the healthcare professional focus groups and researcher interviews are 

presented as a narrative summary with supporting indicative anonymised quotes in section 6.6.3. 

 

Of interest, none of the participants, family carers, healthcare professionals or researchers who took 

part in an interview or focus groups accepted the offer to review their transcripts prior to 

anonymisation and analysis. Nonetheless, this is postulated to have had minimal impact upon the 

study findings (253).  

 

6.6.1 Between-stakeholder analysis  

Table 6.11 provides an overview of the findings for the between-stakeholder analysis. The four 

potential findings for the between-stakeholder analysis were: 1) complementary  (multiple 

stakeholder group data sets which include findings that address different aspects of the same 

phenomenon whilst enhancing the understanding of the each other); 2) confirmation (multiple 

stakeholder group data sets which findings that address the same aspect of the same phenomenon, 

with results that are consistent between the data sets); 3) refutation (multiple stakeholder group data 

sets which include findings that address the same aspect of the same phenomenon, with results that 

are divergent between the data sets); and 4) silence (aspect of a phenomenon only present in the 

findings from one stakeholder group) (154).  
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The ‘original source’ for each theme was the stakeholder group data set where themes and 

subtheme(s) were first identified. Therefore, should multiple stakeholders have reported the same 

theme or subtheme, the stakeholder group which it was first identified was overtly reported. The 

stakeholder group designated as the ‘original source’ was subsequently used as the reference 

stakeholder group for the qualitative analysis comparing the between-stakeholder perspectives.  

 

Of interest, the presence of confirmation or refutation for the themes and subthemes were only found 

between the patients and family carers stakeholder groups, and in one instance, the findings were 

found to both confirm and refute each other. The between-stakeholder findings for the PR team, HIRS 

team and researcher perspectives were all complementary to the original source.  

 

Lastly, the presence of silence was only found in the qualitative themes and subthemes in the 

researcher and family carer stakeholder groups. The most silence was found between researchers and 

the other stakeholder groups. This is likely be resultant from the more un-structured nature of the 

researcher interviews, with the interviewer was guided by the experiences and role of the researcher 

interviewee, and the different focus of these interviews.
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Table 6.11. Between-stakeholder analysis according to specific stakeholder groups 

Major theme and 
subtheme(s) 

Minor theme and 
subtheme(s) 

Stakeholder group 
 

BETWEEN- STAKEHOLDER FINDING/S 
Related theme(s) and subtheme(s) 

 

Patients Family carers 

Healthcare professionals 
 

Researchers PR team  HIRS team  

Theme: 

• Experiences of 
exercise training  

 
Subtheme: 

• Previous PR 
experiences 

 ORIGINAL SOURCE SILENCE  

 
COMPLEMENTARY 

 
Major theme: Delivery 

of usual care 
Subtheme: 

Usual PR service 
delivery; perceptions of 

patients’ ability to 
engage with 

outpatient-based PR 
post-exacerbation 

 
Major theme: 

Perceived patients’ 
perceptions of 

outpatient-based PR 

 

 
COMPLEMENTARY 

 
Major theme:  

Delivery of usual care  
Subtheme:  

Usual PR service 
delivery 

 

SILENCE 

 
Theme: 

• Experiences of 
exercise training  

 
Subtheme: 

 ORIGINAL SOURCE 

 
CONFIRMATION 

 
Major theme: 

Experiences of index 
admission 

 
COMPLEMENTARY 

 
Major theme: 
Perceptions of 
intervention 

 
COMPLEMENTARY 

 
Major theme: 

Perceptions of the 
intervention 

SILENCE 
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• Home-based and 
outpatient-based PR 
post-index admission 

Subtheme: 
Perceptions and 

experiences of home-
exercises post-

discharge 

Subthemes: 
Benefits of home-based 

PR; limitations of 
home-based PR; home-
based PR as a bridge to 
outpatient-based PR; 
safety considerations 

 
Minor theme: 

Skills of the 
professional delivering 

intervention 
 

Minor theme: 
Role home-based PR 

has within a toolbox of 
services 

 

Subthemes: 
Benefits of home-based 

PR; limitations of 
home-based PR; home-
based PR as a bridge to 
outpatient-based PR; 
timing of intervention 

delivery 

 

Theme: 

• Impact of COPD 
 
Subtheme: 

• Post-index admission 
ability to complete 
ADLs 

 ORIGINAL SOURCE 

 
CONFIRMATION 

 
Major theme: 

Experiences of index 
admission 
Subtheme: 

Ability to re-engage 
with ‘home-life’ 

 

SILENCE SILENCE SILENCE 

 
Theme: 

• Impact of COPD  
 
Subtheme: 

• Impact beyond ability 
to complete ADLs 

 ORIGINAL SOURCE 

 
COMPLEMENTARY 

 
Major theme:  

Impact of COPD 
 

Subthemes: 

SILENCE SILENCE SILENCE 
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   Impact of symptoms; 
impact beyond 

symptoms 

 
 

Theme: 

• Research processes 
 ORIGINAL SOURCE 

COMPLEMENTARY 
 

Major theme:  
Research processes 

Subthemes: 
Experiences of study; 

perceived lack of 
personal knowledge 

and expertise regarding 
research 

COMPLEMENTARY 
 

Major theme: 
Experiences and 

perceptions of the 
study 

Subthemes:  
Experiences and 

perceptions of the 
study assessments and 

processes; 
considerations for 

future studies 

 

COMPLEMENTARY 
 

Major theme:  
Experiences and 

perceptions of the 
study assessments and 

processes 

 
COMPLEMENTARY 

 
Major theme: 

Individuals role in the 
study  

Subthemes:  
Perception of 

significance of role; 
perception of 

requirements from role 
in study; understanding 

of study assessment 
time points and 

crossover with usual 
care 

 
Major theme: 

Communication 
between researchers 

 
Major theme: 

Experiences and 
perceptions of the 

study  
Subthemes: 

Experiences of study 
assessments and 

processes; knowledge 
of other people’s role 
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in study; perceptions of 
outcomes 

 
Major theme:  

Learning for future 
studies  

 

Theme: 

• Perceptions of support  
 
Subtheme:  

• Support received 

 ORIGINAL SOURCE 
 

SILENCE 

 
SILENCE SILENCE SILENCE 

Theme: 

• Perceptions of support  
 
Subtheme: 

• Impact of support 
received 

 ORIGINAL SOURCE 

CONFIRMATION & 
REFUTATION  

 
Major theme: 
Support and 

encouragement 
Subthemes: 

Team mentality; 
provision of equipment 

 
COMPLEMENTARY 

 
Major theme: 

Perceptions of impact 
on family members or 

carers 
Subthemes:  

Impact of outpatient-
based PR; role of family 

members or carers in 
facilitating exercise 

training 

 

SILENCE SILENCE 

 
Theme: 

• Perceptions of 
integration 
 

 SILENCE SILENCE SILENCE ORIGINAL SOURCE SILENCE 

 
 

Theme: 
 

ORIGINAL SOURCE 
 

SILENCE 
 

SILENCE 
 

SILENCE 
 

SILENCE 
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• Experiences of 
index admission  
  

 

Theme: 

• Impact of COVID-
19  

ORIGINAL SOURCE SILENCE 

COMPLEMENTARY  
 

Major theme: 
Delivery of usual care 

Subtheme: 
Impact of COVID-19 on 

PR service delivery 

 

COMPLEMENTARY  
 

Major theme:  
Delivery of usual care  

Subthemes:  
Impact of COVID-19 on 

HIRS service delivery 

 

 
COMPLEMENTARY  

 
Major theme:  

Learning for future 
studies  

Subthemes:  
Impact of COVID-19 on 
studies processes and 

assessments 

 

Between-stakeholder qualitative analysis: Complementary: multiple stakeholder group data sets which include findings that address different aspects of the same phenomenon, 
yet which enhance the understanding of the each other; Confirmation: multiple stakeholder group data sets which findings that address the same aspect of the same 
phenomenon, with results that are consistent between the data sets; Refutation: multiple stakeholder group data sets which findings that address the same aspect of the same 
phenomenon, with results that are divergent between the data sets; Silence: aspect of a phenomenon only present in the findings from one stakeholder group (adapted use from 
the methodology proposed by Sandelowski et al. Res Sch. 2006; 13(1): 29 for integrating and synthesising data). Original source: stakeholder group data set where themes and 
subtheme(s) were first identified, the original sources is the stakeholder group used as reference for determining the between-stakeholder qualitative finding.  
Abbreviations: ADLs: activities of daily living; COPD: chronic obstructive pulmonary disease; COVID-19: Coronavirus disease; HIRS: Hillingdon Integrated Respiratory Service; PR: 
pulmonary rehabilitation. 
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6.6.2 Patient and family carer perspectives 

A combination of both male and female patient participants, aged between 64 and 83, were 

interviewed. Two of the interviewees had been allocated to the control group: the remaining three to 

the intervention group. All the patient participants interviewed completed all three study assessments 

and none lived alone. Four of the patient participants reported a clinically significant improvement in 

their HRQoL at 12-week follow-up according to their change in CAT score, and two were readmitted 

within 12 weeks of discharge from their index admission. Two family carers were interviewed: one 

was the relative of a patient participant allocated to the intervention group, the second was the 

relative of a patient participant allocated to the control group. Both family carer interviewees were 

male, aged 65 and 72, who self-identified as an informal carer to their wives who lived with COPD.  

 

There were some similarities between key themes identified from the family carer interviews and 

patient participant interviews, but also some disparities. Table 6.12 and 6.13 include the themes and 

subthemes identified from the patient participant and family carer interviews respectively. It may be 

notable that although qualitative analysis is not numerical, the major themes were raised in the 

patient participant interviews by either all or the majority of the patient participant interviewees and 

were commonly perspectives or experiences patient participants reiterated multiple times. A joint 

narrative on the patient participant and family carer themes and subthemes are presented with 

supporting quotes. 
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Table 6.12. Themes and subthemes from the patient participant interviews 

Major themes Subtheme/s (if applicable) 

1. Experiences of exercise training  
a) Previous PR experiences 

b) Home-based intervention and 

outpatient-based PR post-index 

admission 

2. Impact of COPD admission  
a) Post-index admission ability to 

complete activities of daily living (ADLs) 

b) Beyond the ability to complete ADLs 

3. Research processes N/A 

4. Perceptions of support  
a) Support received 

b) Impact of support received 

Additional themes Subtheme/s (if applicable) 

5. Experiences of index admission N/A 

6. Impact of COVID-19 N/A 

 

 

Table 6.13. Themes and subthemes from the family carer interviews 

Major themes Subtheme/s (if applicable) 

1. Support and encouragement  
a) Team mentality 

b) Provision of equipment 

2. Perceived impact of COPD  
a) Impact of symptoms 

b) Impact beyond symptoms 

3. Experiences of index admission  
a) Ability to re-engage with ‘home-life’ 

b) Perceptions and experiences of home-

exercises post-discharge [intervention 

group only] 

4. Research processes  
a) Experiences of study 

b) Perceived lack of personal knowledge 

and expertise regarding research) 
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6.6.2.1 Experiences of exercise training   

The theme of exercise training from the patient participant interviews encompassed subthemes of: a) 

previous PR experiences, and b) home-based intervention and outpatient-based PR post-index 

admission.  

 

Most of the patients who had previously experienced outpatient-based PR reported positive 

experiences of the programme. One patient also specifically stated he found the education 

component of programme beneficial. However, multiple patients reported acute exacerbations 

negatively impacted upon their ability to complete a PR programme in the past, resulting in disruption 

and either missing sessions or dropping out of the PR course altogether:  

“This last time, what with going in and out of hospital, it has been somewhat disruptive.” [P08, 

male, aged 80, intervention group, readmitted, significant improvement in HRQoL] 

In addition, one patient perceived himself to be unable to attend another PR programme due to 

requiring ambulatory oxygen therapy. 

 

Patients also identified that maintaining exercise training after completion of the PR programme was 

considered difficult:  

“I more or less got lazy […] and stopped doing the exercises.” [P08, male, aged 80, intervention 

group, readmitted, significant improvement in HRQoL] 

 

All the patients allocated to the intervention group had a positive experience of exercise training at 

home. Patients also made informative comparisons between their experiences of exercising at home 

and in an outpatient setting. One patient reported group exercise within the outpatient-based 

programme was a format of delivery she felt less comfortable with:   
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“It [home-based programme] was better [than the outpatient-based programme] because I 

am not a great joiner […] it is not that I don’t like people, but I am not a group sort of person” 

[P02, female, aged 70, intervention group, readmitted, significant improvement in HRQoL] 

Comparatively, another patient reported she would prefer to attend outpatient-based PR, however 

lacked the confidence. 

 

Patients who received the home-based programme reportedly found the frequency, length, type of 

exercises and exercise progression during the intervention acceptable. Patients found the supervision 

of the home-based programme to be beneficial and motivating, and reported the timing of delivery 

to be acceptable: 

“For the first 10 days or so, I was being attended by the outreach team and I had a nebuliser 

still here for a few days. Then we weaned off of that and then we started the exercises, made 

sense as I was feeling bit better by then” [P08, male, aged 80, intervention group, readmitted, 

significant improvement in HRQoL] 

 

Similar to the perspectives of the education delivered within the outpatient-based programme, 

patients who were allocated to the intervention group who received the home-based programme 

found the education provided to be individually tailored and informative. 

“[Education on pacing] was a pivotal thing which I probably would not have thought of” [P02, 

female, aged 70, intervention group, readmitted, significant improvement in HRQoL] 

 

A patient in the control group discussed how they perceived home-based exercise training would have 

compared to outpatient-based exercise programmes from their previous experiences of PR. They felt 

a home-based programme could be modelled around the format of delivery for a minimal equipment 

outpatient-based PR class. 
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The subtheme of experiences of home-exercise post-discharge was identified in the interview with 

the family carer of the patient participant allocated to the intervention group. He repeatedly reported 

feeling the programme not only had positive physical but also psychological benefits to the patient 

undergoing the home-based exercise training intervention: 

“In every one of them she was cheerful afterwards” [FMC01, male, aged 72, wife allocated to 

intervention group] 

 

6.6.2.2 Impact of COPD admission  

The theme of the impact of COPD admission from the patient participant interviews encompassed 

subthemes of: a) ability to complete activities of daily living (ADLs) post-index admission, and b) the 

impact of COPD beyond their ability to complete ADLs from the patient participant perspectives.  

 

Unsurprisingly, patients reported a significant decrease in their ability and confidence to complete 

ADLs early post-index admission.   

“I didn’t do very much at all” [P02, female, aged 70, intervention group, readmitted, significant 

improvement in HRQoL] 

However, most patients report their ability to complete ADLs improved over time. 

 

Some also discussed the impact of COPD beyond their ability to complete ADLs, and how they felt it 

may affect them in the future. Patients spoke of their COPD impacting upon their desire to socialise. 

One patient also spoke about the impact of COPD on the ability to do things they wanted to with their 

family and on being unable to work. 
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A similar theme and related subtheme emerged from the family carer interviews; the theme of 

experiences of index admission encompassed the subtheme of: a) ability to re-engage with ‘home-

life’. Both family carers reported enjoying the person returning home after their hospital admission:  

 “I was always pleased to get her back home.” [FMC02, male, aged 72, patient allocated to 

intervention group] 

However, one family carer reported feelings of doubt when their wife was discharged from hospital 

regarding their medical stability: 

“You’re never sure if everything is fully dealt with” [FMC01, male, aged 65, wife allocated to 

control group] 

 

Both family carers perceived their wives to have slowly begun to re-engage with home-life and 

observed their health to have slowly improved after discharge home from the index admission:  

“We could see there was an improvement, […] now she gets up. She gets around. She has a 

shower. We try to go out when we can. She tries to get out and do some walking, some 

exercise.” [FMC01, male, aged 65, wife allocated to control group] 

 

6.6.2.3 Experiences of research processes 

The third theme from the patient participant perspectives related to the research processes 

themselves. All of the patients reported they felt the research was a good idea and understood why it 

was being conducted. Patients also appeared to be altruistic in why they were taking part: 

“I’ll be happy to support, if there’s anything I can do to give back, you know” [P03, female, 

aged 64, control group, not readmitted, significant improvement in HRQoL] 
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All patients reported the recruitment strategy, and being approached in hospital, was acceptable, with 

none of the patients reporting any issues or complications which arose as a result of taking part in the 

research.  

 

All the patients remembered completing the questionnaires aside from one. All the patients who 

remembered the questionnaires reported they had no concerns or complaints regarding completing 

the number or type of questionnaires included in the study. A few patients did however specifically 

provide feedback regarding the home exercise diary. One patient reported he struggled with 

compliance with the home exercise diary. Another patient reported he adapted the diary to a format 

more suited to how he wanted to record his daily activity. None of the patients who spoke about the 

exercise diary was able to offer solutions to improve usability going forward:  

“When you're trying to make it with all people, to do everything for everybody, there’s nothing 

much you can do about that.” [P15, male, aged 77, control group, not readmitted, non-

significant improvement in HRQoL] 

 

The theme related to research processes was also found in the family carer interviews, which 

encompassed subthemes of: a) experiences of the study, and b) perceived lack of personal knowledge 

and expertise regarding research.  

 

The family carers reported they felt the information provided regarding the study was sufficient. Both 

also reported they were involved in the decision-making process to assist the person living with COPD 

to decide whether they should consent to the study. During the research process, the two family 

carers had different experiences. One was heavily involved in supporting the patient in completing the 

questionnaire pack and home exercise diary:  
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“I filled it [the home exercise diary] in daily for her […] she’s not very good at dealing with 

paperwork.” [FMC01, male, aged 65, wife allocated to control group] 

In comparison, the other family carer reported his wife (the patient participant recruited) was 

independent in completing the study paperwork.  

 

Both family carers reported a perceived lack of personal knowledge and expertise regarding how the 

research could be improved: 

 “That’s difficult to say because I’m not medically equipped to do or to assess what should or 

shouldn’t be done or how questions should be posed.” [FMC01, male, aged 65, wife allocated 

to control group] 

 

One family carer, like the patient participants, reported feelings of altruism towards the research 

project:  

“I just said […] if it maybe down the line, it will help anybody else, why not do it” [FMC01, male, 

aged 65, wife allocated to control group] 

 

6.6.2.4 Perceptions of support  

The theme of perceptions of support encompassed subthemes of: a) support received, and b) impact 

of support received emerged from the patient participant interviews.  

 

The majority of patients discussed the type of support received. All the patients reported they had no 

formal (paid) carers, and the support they received was informally provided by family, friends and 

neighbours in an unpaid capacity. Some patients were also more specific about the household chores 
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and day-to-day activities for which they needed assistance as they had difficultly completing them, for 

example, shopping, cooking and hoovering. 

 

A couple of the patients also explained the impact of support they received. One patient stated that 

although the person providing support intended well, they wondered if it meant they were more 

dependant as a result of it:  

“I’ve thought, ‘Well, maybe if he wasn’t here, I would do more.’, I’d have to.” [P03, female, 

aged 64, control group, not readmitted, significant improvement in HRQoL] 

 

This same patient however also felt that she would not be able to cope if she lived alone, suggesting 

the most vital support she felt she received was potentially the emotional support and comfort 

provided as opposed to the physical support with tasks. This was corroborated by other patients.  

 

The last finding related to perceptions of support was the dynamic nature of the amount of support 

provided by a husband and wife, which varied depending on the health status of the patient:  

“A lot of those minor things devolved onto her, when I wasn't feeling so good […] one way or 

another we can do it” [P15, male, aged 77, control group, not readmitted, non-significant 

improvement in HRQoL] 

 

A similar theme emerged in the family carer interviews; the theme of support and encouragement 

encompassed subthemes of: a) team mentality, and b) provision of equipment.  

 

The subtheme of team mentality was felt by the family carers. One family carer stated:  
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 “We obviously rally round with the cooking and what have you […] we are truly a good 

team” [FMC02, male, aged 72, wife allocated to intervention group] 

As a result, for these older couples, team mentality seemed to be an important element of managing 

life with COPD.   

 

Both family carers were keen to provide any equipment and devices they felt would benefit the person 

living with COPD. Both returned to speak about this regularly throughout the interviews. The first 

reason for providing equipment and devices appeared to be related to improve their ability to better 

monitor their health:  

“We’ve got everything here probably that we need to try and assess that if she’s got problems, 

I’ve brought an oxygen monitor which does heart rate. I’ve also got a blood pressure monitor 

and things like that.” [FMC01, male, aged 65, wife allocated to control group] 

 

The second reason identified for providing equipment was to encourage the person with COPD to be 

more active (e.g. a pedometer) and complete formal exercise training. Provision of this type of 

equipment appeared to be prompted by the clinical care the family carers had observed: 

 “I bought her leg weights for Christmas, […] they gave them to her to use while I was there [at 

outpatient-based PR]. And I thought, “Oh, that’s not a bad idea. We’ll get her some for 

Christmas”.” [FMC01, male, aged 65, wife allocated to control group] 

 

6.6.2.5 Perceived impact of COPD  

The theme of perceived impact of COPD encompassed subthemes of: a) impact of symptoms, and b) 

impact beyond symptoms. The two subthemes which were identified suggested the impact of COPD 

could be attributed to the direct impact of symptoms as well as the impact of COPD beyond the 
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symptoms of the disease. This theme and its related subthemes emerged from the family carer 

interviews only. 

 

Breathlessness was reported to be the symptom of COPD which had the largest impact on their family 

carers. Along with breathlessness, dealing with exacerbations were the other major direct impact of 

the COPD which was repeatedly mentioned by family carers:  

“She was having so many problems with infections” [FMC01, male, aged 65, wife allocated to 

control group] 

 

Family carers also reported the impact of the COPD beyond the symptoms of the disease and resultant 

exacerbations. They noted the impact COPD had on the person living with the diseases’ mental health:   

“She can panic, […] and now that she’s not doing any of the things that she has always liked 

doing and enjoyed doing, it’s difficult for her to accept mentally, […] she can’t get out on her 

own easily, it’s hard for her.” [FMC01, male, aged 65, wife allocated to control group] 

 

Both family carers also reported COPD affected the ability to complete day-to-day activities: 

“She has always been a very active person, taking the dog out, doing all the housework, 

cleaning. She used to do all the garden. All that has changed. She can’t do any of that anymore. 

She can’t do any cooking.” [FMC01, male, aged 65, wife allocated to control group] 

 

They also reported the impact of COPD to result in a loss of ability of the person living with COPD to 

be able to engage with life as they previously would have. For example, one family carer discussed the 

impact of the person being required to give up work as a result of their worsening COPD:  
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“It hit her hard when the doctor, GP said to her, “You’ve got to give up work” […] that hit her 

badly, it started, if you like, to go downhill” [FMC01, male, aged 65, wife allocated to control 

group] 

The same family carer also reported the uncertainty COPD has upon their day-to-day lives: a recurring 

discussion point during the interview:  

“Hopefully, she’s going to make that 12 months. We don’t know. It’s difficult to say.” [FMC01, 

male, aged 65, wife allocated to control group] 

 

Both family carers reported the adaptions they were making to facilitate as much engagement with 

‘normal’ life as they previously would have despite the patient living with COPD: 

“We’ve got used to sort of shortening the distances and you know, in that sense dropping her 

either in the carpark or right outside” [FMC02, male, aged 72, wife allocated to intervention 

group] 

 

6.6.2.6 Additional noteworthy perspectives   

Two additional noteworthy patient participant perspectives covered: 1) experiences of their index 

admission, and 2) impact of COVID-19.   

 

Patients reported different feelings towards their index admission. This was identified to potentially 

be dependent on the stage of disease they were. A patient who had never been admitted to hospital 

for their COPD prior to their index admission reported feelings of stress and anxiety:  

“I have not been in hospital before with this […] I think I was quite sort of, a bit bewildered” 

[P02, female, aged 70, intervention group, readmitted, significant improvement in HRQoL] 

Comparatively, a patent who had previously been admitted with an acute exacerbation of COPD was 

matter of fact regarding their index admission and did not report any anxiety related to being 



279 
 

hospitalised. For a patient with more advanced COPD known to palliative care services, an admission 

to hospital resulted in them being worried about whether or not they would survive the exacerbation:   

“We [patient and her husband] both thought I was going to die. Didn’t think I was going to 

make it out.” [P03, female, aged 64, control group, not readmitted, significant improvement 

in HRQoL] 

 

Although experiences of the index admission were also reported from the family carer perspective, 

the findings are reported in sections 6.6.2.1 and 6.6.2.2 as the subthemes more closely fit within other 

themes or subthemes from patient participant interviews.  

 

Another noteworthy patient perspective identified related to the impact of COVID-19. The majority of 

the patients felt they were less active as a result of ensuring they were compliant with the COVID-19 

shielding advice. In comparison, experiences or perspectives around the impact of COVID-19 were not 

expressed by the two family carers. 

 

6.6.3 Healthcare professional perspectives  

Two topic-guided focus groups were conducted: one included six healthcare professionals from the 

PR team; the other included four healthcare professionals from the HIRS team. Half of the healthcare 

professionals who participated in the PR team focus group were qualified physiotherapists, the other 

half were assistant practitioners. The physiotherapists had been qualified for between 11 and 18 years 

and had a range in years of experience delivering PR (from three years to 11 years). Some of the 

physiotherapists had worked within other PR services to the one they were employed within. The 

assistant practitioners also had a range in years of experience delivering PR, having worked in a PR 

service for between 18 months and seven and a half years. None of the assistant practitioners had 
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experience of working in another PR service to the one they were employed in. By contrast, all the 

healthcare professionals who participated in the HIRS team focus group were nurses. They had been 

qualified for a diverse length of time (between three and 18 years) with varying length periods of 

employed within the HIRS team (between seven months and four years). The majority of the PR team 

and all the participating HIRS team were female. There was one male physiotherapist and one male 

assistant practitioner who contributed to the PR team focus group.  

 

Interpreting the interactions of participants included within the focus groups offers valuable additional 

insights beyond the themes and subthemes presented in sections 6.6.3.1 and 6.6.3.2 for the PR and 

HIRS teams (254). First, the HIRS team and PR team were largely unified in their perceptions and 

viewpoints, and there were no obvious divergent opinions between them. However, there did appear 

to be some differences in perspectives between these professional groups. The PR team were more 

focused on the logistics for delivery of home-based PR. Comparatively, the HIRS team were focused 

on viewing the intervention from the patient’s perspective. Therefore, it appeared that the HIRS team 

reported more patient-orientated viewpoints towards home-based PR whereas the PR team were 

keen to promote practicability of the intervention. This provides a possible explanation for why the 

PR teams focus group resulted in proportionally more barriers to the intervention being raised, and 

their specific interest in safety considerations of home-based PR. It could also explain why the HIRS 

team reported more benefits of the intervention, and their greater concern for optimising timing of 

delivery. One justification for these between-stakeholder differences could be related to the 

professional backgrounds of the HIRS and PR teams (255).  

 

Another interaction noted in both focus groups related to the amount each focus group participant 

contributed. The physiotherapists were more vocal than the assistant practitioners within the PR team 

focus group; the clinical nurse specialists dominated more of the discussion than the junior nurses 
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within the HIRS team focus group. It was also noted in both focus group that those who had spent 

more time working within the team appeared to be more outspoken than newer team members. This 

could be as a result of differentials in power (256) due to perceived professional hierarchy and self-

assurance of their own knowledge and expertise.  

 

The final healthcare professional qualitative component were four topic-guided interviews with 

members of the research team involved in the delivery of the study. Given the researchers had 

different roles, the researcher interviews were the least structured of the qualitative components. The 

majority of the researchers were physiotherapists by clinical background, however one was a 

respiratory and sleep clinical scientist. Most of the researchers interviewed were also female. They 

had a range of research experience within the research group they were employed within (between 

one year and eight years), and one had experience working in a different research role prior to 

commencing their current role. A narrative on each theme is presented with supporting quotes. 

 

6.6.3.1 PR team perspectives 

Table 6.14 outlines the themes and subthemes identified from the PR team focus group.  
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Table 6.14. Themes and subthemes from the PR team focus group 

Major themes Subtheme/s (if applicable) 

1. Delivery of usual care  
a) Usual PR service delivery 

b) Impact of COVID-19 on PR service 

delivery 

c) Perceptions of patients’ ability to 

engage with outpatient-patient PR post-

exacerbation 

2. Views of patients’ perceptions of 

outpatient-based PR 

N/A 

3. Perceptions of intervention  
a) Benefits of home-based PR 

b) Limitations of home-based PR 

c) Home-based PR as a bridge to 

outpatient-based PR 

d) Safety considerations 

4. Perceptions of impact on family 

members or carers 

a) Impact of outpatient-based PR 

b) Role of family members or cares in 

facilitating exercise training 

5. Experiences and perceptions of the 

study  

a) Experiences and perceptions of the 

study assessments and processes 

b) Considerations for future studies 

Additional themes Subtheme/s (if applicable) 

6. Skills of the professional delivering 

intervention 

N/A 

7. Role home-based PR has within a 

toolbox of services offered 

N/A 
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6.6.3.1.1 Delivery of usual care 

The theme of delivery of usual care encompassed subthemes of: a) usual PR service delivery, b) impact 

of COVID-19 on PR service delivery, and c) perceptions of patients’ ability to engage with outpatient-

patient PR post-exacerbation.  

 

All the healthcare professionals from the PR team were able to contribute to the discussion around 

usual PR service delivery and the roles of the qualified physiotherapist and assistant practitioners 

appeared to be well-defined. In addition, all the PR team felt COVID-19 had had a significant impact 

upon the usual delivery of PR assessments and classes.  

 

The PR team felt that patients were less likely to attend an outpatient-based PR programme following 

an acute exacerbation than those referred with stable COPD:  

“We found that with our post exacerbations we definitely had a higher DNA or UTA , […] there 

was often a feeling that they weren’t ready to exercise, or they didn’t feel well enough to 

engage with the rehab course” [SM04, Physiotherapist, 17 years post-qualification, 11 years 

PR delivery experience] 

 

6.6.3.1.2 Views of patients’ perceptions of outpatient-based PR 

The second main theme identified was the team’s view of patients’ perceptions of outpatient-based 

PR. The PR team felt patients did not want to exercise after an exacerbation:  

“They don’t really want to exercise when they’ve just had a chest infection” [SM03, 

Physiotherapist, 12 years post-qualification, 7.5 years PR delivery experience] 
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They felt this was because exercising was not considered a priority when patients were recovering 

from being acutely unwell:  

“It wasn’t top of patients agenda” [SM02, Physiotherapist, 11 years post-qualification, 3 years 

PR delivery experience]. 

The PR team expressed the view that patients found the prospect of attending PR overwhelming, 

particularly early-post exacerbation. They also felt patients’ perceptions of outpatient-based PR was 

that it was purely an exercise intervention. 

 

6.6.3.1.3 Perceptions of intervention 

The theme of perceptions of the intervention encompassed subthemes of: a) benefits of home-based 

PR, b) limitations of home-based PR, c) home-based PR as a bridge to outpatient-based PR, and d) 

safety considerations.  

 

The PR team saw the potential benefits of home-based PR as the PR team felt that getting to the class 

was often challenging for patients: 

“Sometimes getting to the class is exercise in itself; gets them dressed up, take the bus or get 

driving in, come to a class, and if they don’t exercise to a high level, that is exercise and activity” 

[SM03, Physiotherapist, 12 years post-qualification, 7.5 years PR delivery experience] 

 

The PR team was focused on the logistics and practicability of delivering home-based PR, and 

therefore the perspectives of the PR team appeared to be mainly related to the limitations of home-

based PR. The PR team felt that compared to outpatient-based PR delivered to a group, one-to-one 

home-based PR required significantly more resources and time:  
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“Because it is a man-hour demanding task.” [SM03, Physiotherapist, 12 years post-

qualification, 7.5 years PR delivery experience], “I would second that in the sense that it’s very 

time consuming” [SM04, Physiotherapist, 17 years post-qualification, 11 years PR delivery 

experience] 

 

They also felt that home-based PR may not promote self-management to patients:  

“A member of staff going in, giving them one-to-one care and almost holding their hand […] 

doesn’t give a good message of self-management and empowering that patient to do things 

by themselves” [SM04, Physiotherapist, 17 years post-qualification, 11 years PR delivery 

experience] 

 

Finally, the PR team reported that although patients may feel like they prefer the idea of home-based 

PR, there may be elements to a group, outpatient-based programme that patients were inadvertently 

not receiving. For example, they felt patients could miss out on peer support, social interaction and 

multidisciplinary expertise. 

 

The PR team felt that they could foresee home-based PR being an effective bridge to outpatient-based 

PR, as opposed to a standalone programme:   

 “I can see the benefit in showing them initially how to do exercises in their home environment 

if you can't get them to a clinic” [SM07, Assistant Practitioner, 7.5 years PR delivery 

experience] 

This was based on their experiences of the patients who had received home-based PR intervention 

during this study who had then transferred into an outpatient-based programme:  

 “Kind of learning effectively at home first” [SM05, Assistant Practitioner, 1.5 years PR delivery 

experience] 
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However, the PR team did raise issues related to disparity and inequality in the types of programmes 

offered to those not acutely exacerbating if home-based PR was only offered to those who were post-

exacerbation: 

“If the person who hasn’t been unwell says that they want to have rehab at home, and you 

explain that, no, that was for a separate reason that we had that at home […] it would be 

unfair” [SM05, Assistant Practitioner, 1.5 years PR delivery experience] 

 

The PR team also felt there were additional safety considerations to be addressed for a home-based 

PR programme. They agreed the safety considerations, such as relating to lone working and additional 

manual handling of exercise equipment, were not unsurmountable but required formal risk 

assessments to be mitigated.   

 

6.6.3.1.4 Perceptions of impact on family members or carers  

The theme of perceptions of the impact on family members or carers encompassed subthemes of: a) 

impact of outpatient-based PR, and b) role of family members or cares in facilitating exercise training. 

 

The PR team felt outpatient-based PR may have an impact on family members or carers both positively 

and negatively: “A negative; if I am caring for somebody who has come home from hospital and I’m 

having to do, say, all their washing and their dressing and whatever, actually to get them ready and to 

get them, you know, both dressed and fit and ready to do a rehab might be an extra strain” [SM04, 

Physiotherapist, 17 years post-qualification, 11 years PR delivery experience]. This was followed up by 

the potential benefits to a family member or carer: “Maybe they [family member or carer] think, “Oh, 

whilst there at physio, I can have half an hour to have a cup of tea and a bit of a break.” [SM04, 

Physiotherapist, 17 years post-qualification, 11 years PR delivery experience]. 
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The PR team also felt family members or carers may have a role in facilitating completion of exercise 

training outside of PR classes:  

 “It can help the carer to understand the limitations of the patient or the abilities, depending 

how they try and swing things at home” [SM07, Assistant Practitioner, 7.5 years PR delivery 

experience] 

 

However, they did feel that involving carers may increase the workload of the therapists if the patient 

had multiple carers supporting them. The PR team also felt that there could be instances where 

educating and subsequently asking the carer to facilitate exercise may not be appropriate. They felt 

this would depend on the relationship between the patient living with COPD and their carer. 

“It might cause friction” [SM07, Assistant Practitioner, 7.5 years PR delivery experience] 

 

6.6.3.1.5 Experiences and perceptions of the study  

The theme of experiences and perceptions of the study encompassed subthemes of: a) experiences 

and perceptions of the study assessments and processes, and b) considerations for future studies. 

 

The PR team reportedly felt involved in the intervention design process. The PR team also did not feel 

any added pressure or increased burden on their workload as a result of integrating a home-based 

exercise training programme into the HIRS service. In some instances, the PR team felt that being 

involved in the study reduced their clinical workload: 

“We were actually provided with the exercise grids [from the home-based exercise 

programme], so the patient that I saw […] he got stuck in, normally I spending just five or ten 
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minutes to teach new patients, but he knew exactly what he wanted to do” [SM02, 

Physiotherapist, 11 years post-qualification, 3 years PR delivery experience] 

 

The PR team felt the patients’ clinical care was always a priority, and that the research assessments 

would be conducted in line with clinical care provision. They felt this co-ordination between the 

research team and clinical service was well-executed and undertaken in a way to not overburden 

patients with assessments. 

 

As aforementioned, the PR team felt that the impact of the research to their usual clinical care was 

minimal. However, they felt this was due to the infrastructure already being in place for research to 

be conducted within the Harefield PR service. They were therefore conscious that should this study 

be conducted at different sites within PR services where research teams were less established or less 

embedded within the clinical team, ensuring sufficient space and equipment for the research to take 

place without affecting the PR teams would need to be considered:   

“We’re very fortunate here that the research team had their own office and their own lab to 

do assessments, so they can do that without impacting on us, […] if this was scaled up at other 

sites, and the researchers were having to share an assessment space, or share equipment, it 

would have an impact” [SM04, Physiotherapist, 17 years post-qualification, 11 years PR 

delivery experience]  

They also felt it would be important for other service to ensure they continue to distinguish between 

the research team and clinical services to ensure patients knew who to contact to seek appropriate 

care and advice. 
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6.6.3.1.6 Additional noteworthy perspectives 

Additional noteworthy perspectives encompassed: 1) skills of the professional delivering intervention, 

and 2) the role home-based PR has within a toolbox of services offered.  

 

The PR team recognised that the patients being supported by the HIRS team remained in a clinically 

unstable phase of their exacerbation. As a result, they felt that being skilled and trained to be able to 

manage a deteriorating patient competently as well as deliver home-based exercise training was 

important:  

“There is always the potential that patient might be deteriorating again or might be quite 

unwell, and so there is the training needed for the clinicians so that they are able to pick up 

red flags, and able to pick up when that patient needs more medical attention” [SM04, 

Physiotherapist, 17 years post-qualification, 11 years PR delivery experience]  

 

The PR team felt that home-based PR should not aim to simply replicate outpatient-based PR. They 

felt home-based PR could be a complementary service within a toolbox of management options as an 

alternative yet equally valuable method of delivering care peri-exacerbation:  

“The mistake we keep making is we compare home exercises to pulmonary rehabilitation; we 

should just kind of accept that it is not pulmonary rehab, however, it is equally valuable in 

terms of getting that initial progress in the patient after an exacerbation” [Physiotherapist, 12 

years post-qualification, 7.5 years PR delivery experience] 

 

6.6.3.2 HIRS team perspectives 

Similar key themes were identified from the HIRS team focus groups as in the PR team focus group.  

However, there were some disparities in perspectives and emphases which resulted in some subtlety 
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different themes and subthemes. Table 6.15 includes the themes and subthemes identified from the 

HIRS team focus group. A narrative on each theme is presented with supporting quotes. 

 

Table 6.15. Themes and subthemes from the HIRS team focus group 

Major themes Subtheme/s (if applicable) 

1. Delivery of usual care 
a) Usual PR service delivery  

b) Impact of COVID-19 on HIRS service 

delivery 

2. Perceptions of intervention 
a) Benefits of home-based PR 

b) Limitations of home-based PR 

c) Home-based PR as a bridge to 

outpatient-based PR 

d) Timing of intervention delivery 

3. Perceptions of integration N/A 

4. Experiences and perceptions of the 

study assessments and processes 

N/A 

 

 

6.6.3.2.1 Delivery of usual care 

The theme delivery of usual care encompassed subthemes of: a) usual PR service delivery, and b) 

impact of COVID-19 on HIRS service delivery.  

 

The HIRS team felt that delivery of the usual PR programme in a group setting had the potential to be 

either beneficial or detrimental to patients. They also felt that patients attending outpatient-based PR 

programmes which used minimal equipment rather than a gym-based programme may contribute to 

why patients may be unmotivated to travel to attend an outpatient-based class: 
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“The church halls they use, a lot of them are just like, “I can do that at home”.”  [SM11, 

Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 4 years working within 

HIRS] 

 

Like the PR team, the HIRS team felt COVID-19 had had a significant impact on their usual service 

delivery. The HIRS team have reported that they had had to prioritise certain patient groups in order 

to limit the risk of spreading COVID-19:  

“We're now not taking early supported discharges, […] so it's just admission avoidance we're 

doing now” [SM09, Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 2.5 

years working within HIRS] 

 

The HIRS team also reported that they had changed their referral patterns to outpatient-based PR for 

a period due to their perceived impact of COVID-19 on the provision of outpatient-based PR: 

“For quite a long while, there was no pulmonary rehab, so we weren't referring anybody” 

[SM09, Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 2.5 years working 

within HIRS] 

 

6.6.3.2.2 Perceptions of intervention  

The theme of perceptions of the intervention encompassed subthemes of: a) benefits of home-based 

PR, b) limitations of home-based PR, c) home-based PR as a bridge to outpatient-based PR, and d) 

timing of intervention delivery. 

 

The general perspective of the HIRS team was that the intervention was proving an alternative to 

outpatient-based PR for patients who otherwise would not receive any exercise training or 
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rehabilitation. They felt providing a home-based programme removed lack of transport as a reason 

for declining exercise training:  

 “A lot of our patients are keen to increase their exercise activity, but the transport issues 

always used to put them off. X came along and offered it at home. They all really enjoyed it” 

[SM08, Respiratory Nurse, 3 years of nursing experience, 1 year working within HIRS] 

The HIRS team perceived there to be potential benefits to family members or carers if PR was delivered 

at home with regards to issues related to transport:  

“When I've been speaking to people about pulmonary rehab, and we say that “You have to go 

to the Harefield for the first assessment,” and they say, “My daughter has to bring me in”.” 

[SM10, Respiratory Clinical Nurse Specialist, 6 years of nursing experience, 6 months working 

within HIRS] 

 

They also reported that delivering a programme peri-exacerbation had the potential to reduce the 

impact the exacerbation had upon patients:  

“I think a lot of the time, when they exacerbate, they literally stop, don't they? Very quickly, 

they lose their muscle mass, exercise tolerance and things like that. I think they didn't lose as 

much, because the intervention was started at an earlier stage” [SM11, Respiratory Clinical 

Nurse Specialist, 18 years of nursing experience, 4 years working within HIRS] 

 

Finally, the HIRS team also suggested a home-based programme could potentially offer a solution to 

reduce the social isolation felt by patients despite not delivered within a group setting:  

“Some of them are, obviously, elderly, can’t get to rehab. They live alone and they are quite 

lonely, and having that regular contact, it would be good for them” [SM11, Respiratory Clinical 

Nurse Specialist, 18 years of nursing experience, 4 years working within HIRS] 

 

The main limitation perceived by the HIRS team was the cost of delivering a home-based programme:  
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“I actually think it's an intervention that's needed, but it's perhaps, not cost-effective, I don't 

think many teams are going to have the capacity to actually do home-based exercise 

programmes tailored – individually tailored – to patients” [SM11, Respiratory Clinical Nurse 

Specialist, 18 years of nursing experience, 4 years working within HIRS] 

 

Like the PR team, the HIRS team felt a home-based PR programme could also be effective as a bridge 

to outpatient-based PR: 

 “For some, they hadn't realised before how beneficial pulmonary rehab could be to them, 

because they'd never considered even doing it” [SM09, Respiratory Clinical Nurse Specialist, 

18 years of nursing experience, 2.5 years working within HIRS] 

 

The HIRS team discussed timing of the intervention delivery from their perspective, indicating the 

optimal timing for delivery had been implemented within the study:  

“She would wait for the patients to stop nebs, […] I think it was probably the right time. I think 

any earlier would have been too soon” [SM11, Respiratory Clinical Nurse Specialist, 18 years 

of nursing experience, 4 years working within HIRS] 

 

6.6.3.2.3 Perceptions of integration 

The HIRS team felt there were three areas where integration occurred (home-based PR with HIRS, 

researcher within HIRS, and HIRS with outpatient-based PR). All the HIRS team felt integration 

improved patient care as there was a more seamless delivery of care and the ability to provide care to 

more patients:  

“It was a lot more cohesive, like having, it’s almost like passing the baton on to somebody else 

who's doing it at the same time” [SM10, Respiratory Clinical Nurse Specialist, 6 years of 

nursing experience, 6 months working within HIRS] 
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They also stated that they felt that the closer integration with healthcare professionals from PR 

provided wider expertise and knowledge to the HIRS team which they perceived resulted in patients 

receiving better information about their care options:   

“Encouraging patients to attend PR is actually better coming from a person who does it” 

[SM11, Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 4 years working 

within HIRS]. 

 

The HIRS team stated they found the integration of home-based PR within HIRS care to not only result 

in the provision of more care due to having an increase in the number of staff and a greater amount 

of information regarding their care options, but that it could also actively reduce the clinical workload 

for the HIRS team. Finally, they found benefits from integration which occurred not only at the care 

delivery level, but also in relation to sharing an office:  

“It just works well that she is here and working “with us”.” [SM09, Respiratory Clinical Nurse 

Specialist, 18 years of nursing experience, 2.5 years working within HIRS] 

They reported this physical integration through office sharing made them feel more connected to the 

PR team at Harefield:   

“I feel more integrated with Harefield, really get an insight into what goes on over there” 

[SM09, Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 2.5 years working 

within HIRS] 

 

6.6.3.2.4 Experiences and perceptions of the study 

Overall, the HIRS team felt the intervention was of interest to patients admitted to hospital with an 

acute exacerbation of COPD. However, the HIRS team felt that an important patient group were not 

included in the eligibility criteria for the study:  



295 
 

“The idea of admission avoidance, is to avoid them having to come in, in the first place, but 

then they didn't have the opportunity to have that intervention at home, which is a real shame” 

[SM09, Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 2.5 years working 

within HIRS] 

 

With regards to the impact of the study on them, the HIRS team felt the study had very little impact 

upon their day-to-day roles, and that there was only one additional questionnaire which they were 

required to complete which added to their workload:  

“If they were interested, we would just leave them the leaflet and let X know. She would then 

go and speak to them, so it wasn't anything time-consuming. I think it was definitely worth 

those few extra minutes” [SM11, Respiratory Clinical Nurse Specialist, 18 years of nursing 

experience, 4 years working within HIRS] 

 

The HIRS team also reportedly found the elements of the study, which occurred during the HIRS phase 

of the patients care pathway, to have been delivered efficiently, and that they were well-informed 

about the study:  

“To be honest, I think X was very proactive, and she was very good at keeping us informed, I 

can’t think of anything we needed to know that we didn’t or had to ask about.” [SM11, 

Respiratory Clinical Nurse Specialist, 18 years of nursing experience, 4 years working within 

HIRS] 

 

6.6.3.3 Researcher perspectives 

Table 6.16 includes the themes and subthemes identified from the researcher interviews. These were 

the most disparate themes and subthemes when compared to other themes raised by the other 

stakeholder groups. A narrative on each is presented with supporting quotes. 
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Table 6.16. Themes and subthemes from the researcher interviews 

Major themes Subtheme/s (if applicable) 

1. Individual’s role in the study 
a) Perception of significance of role  

b) Perception of requirements from role in 

study  

c) Understanding of study assessment 

time points and crossover with usual 

care 

2. Communication between researchers N/A 

3. Experiences and perceptions of the 

study 

a) Experiences of study assessments and 

processes 

b) Knowledge of other people’s role in 

study 

c) Perceptions of outcomes 

4. Learning for future studies 
a) Impact of COVID-19 on study 

assessments and processes 

 

 

6.6.3.3.1 Individual’s role in the study 

The individual’s role in the study encompassed subthemes of: a) perception of significance of role, b) 

perception of requirements from role in study, and c) understanding of study assessment time points 

and crossover with usual care.  

 

The first subtheme was the researchers’ perception of the significance of their role. The majority of 

the researchers perceived themselves to have small and insignificant roles in the delivery of the study, 

which was reiterated multiple times by each researcher. Only the researcher who had been tasked to 

undertake the majority of the research assessments during the planning of the study perceived 

themselves to have made a significant contribution to the study. All the researchers felt the 
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requirements of their role were well considered to ensure the workload they undertook was realistic 

and in line with their level of expertise:  

 “At the time I had a dual role, so it made sense that I was just the second assessor” [SM14, 

Senior Research Physiotherapist, 8 years research experience] 

 

The final subtheme related to the researchers’ understanding of study assessment time points and 

the studies crossover with usual care. The majority of the researchers struggled to recall the time 

points of the assessments relative to the patients’ index admission. The researchers also had difficulty 

recalling whether assessments were undertaken in relation to usual care.  

 

6.6.3.3.2 Communication between researchers  

There were multiple strategies identified which enabled effective communication between 

researchers. There appeared to be both formal handovers and updates as well as a combination of 

strategies (face-to-face, digital and case notes) which were utilised. These combined strategies 

resulted in the researchers perceiving the communication during the study to have been effective. 

Digital communication strategies were highlighted to be valuable tools to utilise. These included the 

use of shared diaries, email, and text messages with group conversations. The use of written 

communication within case notes supplemented by a brief verbal handover alongside digital strategies 

was also perceived to have contributed to effective communication.  

 

The researchers also acknowledged that the person co-ordinating the study was required to have good 

organisation and communication skills. This related to organisation and communication that occurred 

before the study began as well as whilst the study was being conducted. 
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Another important factor which contributed to the quality of communication between researchers 

working on this study was that the team were well-established and had worked together on multiple 

studies: 

“I think we’re so used to working together because we do a lot of it without thinking” [SM12, 

Research Physiologist, 5.5 years research experience] 

 

6.6.3.3.3 Experiences and perceptions of the study  

The theme of experiences and perceptions of the study encompassed subthemes of: a) experiences 

of study assessments and processes, b) knowledge of other people’s role in study, and c) perceptions 

of outcomes.  

 

The first subtheme was the researcher’s experiences of the study assessments and processes. The 

location of the assessments was discussed by multiple researchers. The researchers felt that by 

offering home-based assessments, a greater proportion of visits were completed: 

“I think a lot of them wouldn't have come into the hospital because they either hadn’t started 

going out, some of them, just were still relatively housebound and only going out if absolutely 

necessary” [SM01, Research Physiotherapist, 2.5 years research experience] 

 

All the researchers felt the study assessments and processes were well-organised, which resulted in 

their involvement in delivery of the study being easier, and they felt that it was a seamless transition 

between contacts with different researchers: 

“It flowed from one person to another” [SM01, Research Physiotherapist, 2.5 years research 

experience] 
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Researchers also shared their knowledge of other people’s role in study. All the researchers were able 

to identify the role they had, along with other members of the research team, within the study. None 

of the researchers reported any ambiguity or confusion regarding their role, even those who were 

newest to the research team: 

“I think everything was clear right from the beginning” [SM13, Research Physiotherapist, 1.5 

years research experience] 

 

The final subtheme identified related to perceptions of the outcomes. The researchers reported they 

understood the inclusion for the outcome measures. They felt given the challenges related to the 

variety of locations where outcomes would be assessed in the study, a comprehensive range of 

outcomes were assessed. Nonetheless, the researchers did report finding some of the outcome 

measures included in the assessments to be difficult to conduct in patients’ homes: 

“I thought four metres gait speed, that’s dead easy to do in a patient’s house but actually it 

wasn’t” [SM12, Research Physiologist, 5.5 years research experience] 

In addition, some of the assessments appeared effortful (for example, spirometry, particularly when 

conducted in the home setting). Another of the outcomes also reported to be physically demanding 

for patients was the 6MST: 

“It is probably one of the toughest tests [6MST] I have had to do with a patient” [SM14, Senior 

Research Physiotherapist, 8 years research experience] 

Despite this, it was identified that although this assessment was physically demanding, researchers 

perceived the 6MST to be acceptable to patients as it allowed them to self-pace and rest. As a result, 

the researchers reported that the study protocol did not seem to be too burdensome once they begun 

completing the assessments:  

“I thought that there might have been too many measures, […] but in reality, the patients 

tolerated it really well” [SM01, Research Physiotherapist, 2.5 years research experience] 
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6.6.3.3.4 Learning for future studies 

The theme of learning for future studies encompassed a subtheme of impact of COVID-19 on study 

assessments and processes.  

 

All four of the researchers interviewed provided insights related to this theme. First, although the 

researchers recognised the need to offer home-based as well as hospital-based assessments, their 

preference was hospital-based assessments where possible. They also highlighted some of the 

challenges of conducting assessments. These related to the difference in space availability depending 

on the location of the assessments, the number of staff required for undertaking the 6MST and the 

wide range of equipment required due to the diversity of assessments being completed. 

 

One researcher highlighted an important element of planning the study was briefing the team who 

would be involved in delivery before commencing recruitment:   

“[Meeting as a team] was probably one of the most useful things to do starting off […] all of 

us had knowledge of this study” [SM12, Research Physiologist, 5.5 years research experience] 

This was considered important to ensure the team who would be involved in the study delivery were 

involved from the outset to mitigate any potential areas for problems before they could occur. For 

example, strategies to ensure blinding was maintained were discussed prior to the study commencing, 

and reportedly worked effectively. 

 

The researchers also highlighted the issues related to relying on one person to co-ordinate and deliver 

the majority of this study:  
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“If X went on sick leave or if she went- I don't think she did, but if she had time off, like annual 

leave, how is that covered?” [SM14, Senior Research Physiotherapist, 8 years research 

experience], also stating: “I think it [delivering the intervention] was an awful lot to do on top 

of recruiting, doing the baseline assessments, and if the study was to be done again, whether 

you would plan that differently”  

 

In terms of data collection tools, some researchers suggested that the use of electronic paperwork 

could have been useful. However, they also acknowledged this came with its own challenges of 

ensuring data security and issues with digital literacy which would require consideration.  

 

It was also perceived that timing research assessments in relation to usual care was beneficial to 

patients so the patients could decide whether they preferred to complete the additional research 

outcome measures when attending their outpatient-based PR assessment, or on a separate day. 

 

Overburdening patients with too many outcome measures was another consideration which 

researchers reported. They felt this to be something which was managed well in this study:  

 “The nice thing about the assessment with the balance of the questionnaires versus was the 

physical stuff, I think they didn't get overloaded with all of the maximal exercise tests” [SM01, 

Research Physiotherapist, 2.5 years research experience] 

 

For the majority of the researchers, this was the first study whereby patients had greater choice in 

where assessments, and which outcome measures, were completed:  

“[This was] the first study really where they were having the option, the dynamic changes, they 

have more of a choice” [SM12, Research Physiologist, 5.5 years research experience] 
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One researcher felt patients were altruistic when consenting to take part in research: something also 

reported by patients themselves and family carers. It was considered important from their perspective 

to ensure that patients were indeed giving their consent after fully understanding what was required, 

as opposed to taking part due to a feeling of obligation. 

 

The final major learning point was that the researchers recognised the importance of the team 

delivering this study to be one that was well-established and well-organised, and that these factors 

played a part in this study being feasible. They felt these factors needed to be considered if the study 

was to be completed across multiple centres in the future:  

“We’re so used to working with each other as a team and so we have a trial and tested way of 

doing things that seem to work quite well. I suppose therefore if you’re rolling out in other sites 

it would need adapting to work with the way that that team works.” [SM12, Research 

Physiologist, 5.5 years research experience], also stating: “We’re used to juggling different 

studies and sitting in different assessments for different people”   

 

All the researchers acknowledged rapid problem-solving was required to minimise the impact COVID-

19 had upon the collection of outcome data for patients recruited to this study. The researchers also 

noticed the difference in the way they were able to communicate via the telephone rather than in 

person. Nonetheless, they felt that given that patients were in a position where they could have been 

feeling increasingly socially isolated, that the telephone assessments were well-received.  

 

6.7 INTEGRATED RESULTS 

A mixed method matrix was used to compare the quantitative and qualitative findings for the 

interviewed patient participants at an individual level, with family carer perspectives and experiences 
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combined where available. The integrated findings are reported in a modified joint display (Table 

6.17). Section 6.4.10.3 details how the integrated findings were determined. 

 

Some of the integrated findings include a single outcome. For example, P11 reported she felt the study 

was feasible and acceptable from her perspective during her qualitative interview. This was confirmed 

by the quantitative data as she completed the study per protocol (all three assessments within the 

allocated window for completion), did not drop out from the study and there were also no instances 

of accidental unblinding during her follow-up assessments. The only deviation made in relation to the 

types of outcomes collected during assessments was due to the COVID-19 restrictions which meant 

the 12-week assessment was prohibited from being face-to-face. 

 

In comparison, other integrated findings include multiple outcomes. Multiple outcomes were possible 

when there were multiple different perceptions or experiences reported in the qualitative data and/ 

or multiple related quantitative endpoints. For example, there were multiple outcomes for P02 

regarding the clinical outcomes of the intervention. P02 and her husband (family carer FMC02) both 

reported the patient participant had a reduction in her abilities to complete ADLs early post discharge, 

however that this had improved over the follow-up period. The LCADL scale total score confirms this 

perceived improved ability to complete ADLs as the LCADL scale total score was reduced at both four 

weeks and 12 weeks (a reduction in the LCADL total score indicates a decrease in impairment with 

ADLs). P02 also reported that she felt her strength had increased as a result of the intervention. 

However, her hand grip strength had reduced at both four weeks and 12 weeks. In this instance, the 

quantitative and qualitative data refute each other. Finally, there was evidence of complementary 

findings as P02 reported an improvement in her walking over the 12-week follow-up period. The 

6MST, a surrogate test of exercise capacity (but not specifically a field walking test), showed the 

number of steps she achieved at both the four week and 12-week assessments to have increased.  
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With regards to study feasibility, the integrated findings were confirmatory and/or complementary 

between the patient participant and family carer qualitative findings and the quantitative results, 

which indicates the study to be both feasible and acceptable.  This result is unsurprising given that all 

the patients interviewed completed the study as per protocol and did not include data for those who 

dropped out from the trial.  

 

The integrated findings were confirmatory and/or complementary between the patient participant 

and family carer qualitative findings and quantitative results to suggest the intervention to also be 

feasible and acceptable. However, similar to the study feasibility, all the patient participants 

interviewed who were allocated to the intervention took up and were able to adhere to the 

intervention, and the control group patients were also actively engaged or had previously actively 

engaged in outpatient-based PR.  

 

The integrated findings for the clinical outcomes are more complex, as detailed earlier in this section. 

All three integrated outcomes were found when comparing the qualitative and quantitative data 

according to each patient participant (and their family carer when the data was available) at an 

individual level. There were also between-patient participant differences in the integrated findings 

regarding which quantitative and qualitative outcomes were confirmatory, complementary and 

refutory.  

 

The integrated findings related to clinical safety were complementary for all the patient participants. 

The qualitative data suggested patient participants and their family carers to have had positive 

experiences of intervention or outpatient-based PR, and of the other care they received post-index 
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admission. This is reflected in the quantitative data which showed neither group were more likely to 

present with an adverse event or be readmitted. The quantitative data also indicated that although 

the patient participants interviewed did report non-serious adverse events and/or were readmitted 

to hospital, none of the adverse events were related to the intervention.    

 

Lastly, there was silence present for a number of themes and subthemes which were identified in the 

patient participant and/or the family care qualitative interviews. This arose from the fact the 

interviews were semi-structured in nature, and that the interviewer prompted the interviewee where 

required beyond the suggested probes in the topic guide to comprehensively explore perspectives 

(257). 
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Table 6.17. A joint display of the integrated findings according by individual patient participants (and their family carers where appropriate) 

QUALITATIVE FINDINGS QUANTITAIVE FINDINGS 

INTEGRATED 
FINDINGS 

Study feasibility  

Patient 
participant 
Study ID* 

Patient 
participant 

perspectives  

Family carer  
Study ID^ 

Family carer 
perspectives 

Participant flow & 
attrition 

Assessor blinding 
maintenance  

(T1 & T2) 

Q. outcome 
measure 

completion  
(T0, T1 & T2) 

Physical outcome 
measure 

completion  
(T0, T1 & T2) 

P02 

Feasible & 
acceptable -

altruistic 
regarding reasons 

for consenting 

FMC02 

Feasible & 
acceptable – no 

support required  

Per-protocol & 
No 

Yes & Yes Yes, Yes & Yes Yes, Yes & Yes 
CONFIRMATION & 
COMPLEMENTARY  

P03 

Feasible & 
acceptable - 

altruistic 
regarding reasons 

for consenting 

FMC01 

Feasible & 
acceptable – 

support with study 
paperwork required 

Per-protocol & 
No 

Yes & Yes Yes, Yes & Yes Yes, Yes & Yes 
CONFIRMATION & 
COMPLEMENTARY  

P08 

Feasible & 
acceptable – 

altruistic 
regarding reasons 

for consenting; 
struggled with 
home exercise 

diary compliance 

  
Per-protocol & 

No 
No & Yes Yes, Yes & Yes Yes, Yes & No< 

CONFIRMATION & 
COMPLEMENTARY   

P11 
Feasible & 
acceptable 

  
Per-protocol & 

No 
Yes & Yes Yes, Yes & Yes Yes, Yes & No< CONFIRMATION  

P15 

Feasible & 
acceptable – 

modified home 
exercise diary 

format 

  
Per-protocol & 

No 
Yes & Yes Yes, Yes & Yes Yes, No< & No< 

CONFIRMATION & 
COMPLEMENTARY  

Intervention feasibility  FINDING/S 
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Patient 
participant 
Study ID* 

Patient 
participant 

perspectives  

Family carer  
Study ID^ 

Family carer 
perspectives 

HaH delivery> & 
between-group 
contamination 

Intervention uptake 
& adherence> 

PR referral 
PR uptake & 
completion  

P02 

Feasible and 
acceptable – 
preference of 

one-to-one over 
group exercise 

training; types (& 
progression) of 

exercises, length 
& frequency of 

intervention 
appropriate; 
supervision 
beneficial; 

education tailored 
& informative   

FMC02 

Feasible and 
acceptable – had 

minimal 
involvement in 
sessions; self-

purchased 
pedometer to 

promote 
maintenance 

4 & No Yes & 9 No -  
CONFIRMATION & 
COMPLEMENTARY 

P03 

Outpatient-based 
PR feasible and 

acceptable –
travelling to 
programme 
challenging; 

husband provided 
transport 

FMC01 

Transport provision 
to support 

attendance to 
outpatient-based PR 

– self-purchased 
weights to promote 

maintenance 

3 & No - Yes Yes & Yes 
CONFIRMATION & 
COMPLEMENTARY 

P08 

Feasible and 
acceptable - types 
(& progression) of 

exercises & 
frequency of 
programme 

appropriate; well-
timed delivery; 

supervision aided 
motivation 

  6 & No Yes & 6+ Yes Yes & No< 
CONFIRMATION & 
COMPLEMENTARY 
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P11 

Feasible and 
acceptable – 
preference of 

group over one-
to-one exercise 

training however 
insufficiently 
confident to 

attend outpatient-
based PR; 
supervised 

element 
important 

  5 & No Yes & 9 No - 
CONFIRMATION & 
COMPLEMENTARY 

P15 

Declined 
outpatient-based 
PR as too unwell 

and due to 
ambulatory 

oxygen 
restrictions, 
home-based 

exercise training a 
preferred 

alternative  

  4 & No - No - 
CONFIRMATION & 
COMPLEMENTARY 

Clinical outcomes  

FINDING/S Patient 
participant 
Study ID* 

Patient 
participant 

perspectives 

Family carer 
Study ID^ 

Family carer 
perspectives 

T0 to T1 & T0 to T2 

LCADL 
total 
score 

SPPB 
total 
score 

Hand 
grip 

CAT 
EQ5D5L 

(UI; 
VAS) 

HADS 
(A; D) 

mCES-D 
(a; b) 

6MST 

P02 

Reduced ability 
with some ADLs & 

walking initially 
post-discharge, 

some support was 
required; 

intervention 

FMC02 

Physical and 
psychosocial 
benefits of 

intervention; 
provided some 

support early post-

-13 &  
-11 

1 & 1 
-15% &  

-11% 
-2 & -9 

-0.144 
& 0;  

10 & 15 

2 & -3;  
0 & 0  

0 & 0;  
0 & 0 

23 & 36 
CONFIRMATION, 
REFUTATION & 

COMPLEMENTARY 
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improved walking, 
activity levels and 

strength 

discharge with some 
ADLs  

P03 

Functionally 
limited pre-

admission; ability 
to complete most 

ADLs reduced 
further initially 
post-discharge, 
some additional 

support was 
required; initially 

exercises at 
outpatient-based 
PR hard, gradually 

became easier 

FMC01 

Physical and 
symptom-reducing 

benefits of 
outpatient-based 

PR; provided some 
additional support 

post-discharge with 
some ADLs 

-2 & -4 -1 & 0 
-4% & 

9% 
-3 & -4 

-0.167 
&  

-0.188; 
10 & 0 

3 & -7;  
1 & 0 

0 & 0;  
0 & 0 

T0=UTC
& NC 

CONFIRMATION, 
REFUTATION & 

COMPLEMENTARY 

P08 

Reduced ability 
with some ADLs 

early post-
discharge; took 
several weeks 

post-discharge to 
return to normal 

functional 
capacity; 

intervention 
improved strength  

  0 & -5 0 & NC 
-14% & 

NC 
4 & -2 

0.050 & 
0.078; 
5 & 11 

1 & -1;  
-2 & -3 

-1 & -1;  
-1 & -1 

-2 & NC 
CONFIRMATION, 
REFUTATION & 

COMPLEMENTARY 

P11 

Insufficient 
confidence to 

leave home post-
index admission, 

reduced 
confidence 

remains; 

  14 & 8 0 & NC 
-3% & 

NC 
-3 & -5 

-0.046 
&  

-0.031; 
35 & 0 

-5 & -5; 
0 & -3 

-2 & -2;  
-2 & -1 

T0=UTC 
& NC 

CONFIRMATION, 
REFUTATION & 

COMPLEMENTARY 
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intervention 
improved strength 

P15 

Levels of fatigue 
remain higher 

than pre-
admission levels; 
reduced ability to 

complete most 
ADLs early post-
discharge, some 

additional support 
was required; 

reassured to have 
wider support 

network (friends 
& neighbours) 

should they have 
been required 

  0 & -8 
NC & 

NC 
NC & 

NC 
-2 & -1 

0.200 & 
0.230; 
0 & 15 

4 & 0; 
3 & 0 

0 & -1; 
1 & 0 

NC & 
NC 

CONFIRMATION, 
REFUTATION & 

COMPLEMENTARY 

Clinical safety 

FINDING/S 
Patient 

participant 
Study ID* 

Patient 
participant 

perspectives 

Family carer 
Study ID^ 

Family carer 
perspectives 

Non-serious adverse event Mortality  Hospital readmission  

P02 

Stress and anxiety 
related to index 

admission prior to 
& during 

hospitalisation; 
well-supported by 

HaH service; 
positive benefits 

of completing 
intervention post-

discharge 

FMC02 

HaH service care 
received was 

positive; practical 
way to deliver care; 

aided decisions 
regarding 

readmission 

Yes No Yes COMPLEMENTARY 

P03 
Worry about 

prognosis; well-
supported by 

FMC01 

Worry about 
prognosis; unsure 

about ongoing self-
Yes No No COMPLEMENTARY 
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clinical services 
(HaH service, 

district nurses & 
palliative team) 

management; worry 
about clinical 

stability early post-
discharge; HaH 

service care 
received positive; 
has equipment to 
monitor patient at 

home 

P08 

HaH service 
provided rapid 
assessments & 
aided decisions 

regarding 
readmission; 

positive benefits 
of completing 

intervention post-
discharge; well-

timed delivery of 
intervention  

  

Yes No Yes COMPLEMENTARY 

P11 

Positive benefits 
of completing 

intervention post-
discharge; 

knowledgeable 
regarding HaH 
service support 

  

No No No COMPLEMENTARY 

P15 

Knowledgeable 
regarding HaH 
service & other 

community 
support; 

 reassured to have 
wider support 

network (friends 

  

No No No COMPLEMENTARY 
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& neighbours) 
should they have 

been required 

* The patient participants characteristics according to their Study ID by sex, age, group allocation, readmission status within 12 week follow-up period, change in HRQoL status 
as measured by change in CAT score between baseline and 12 weeks: P02: female, aged 70, intervention group, readmitted, significant improvement in HRQoL; P03: female, 
aged 62, control group, not readmitted, significant improvement in HRQoL; P08: male, aged 80, intervention group, readmitted, significant improvement in HRQoL; P11 female, 
aged 83, intervention group, not readmitted, significant;  improvement in HRQoL; P15; male, aged 77, control group, not readmitted, non-significant improvement in HRQoL. 
^ The family carer characteristics according to their Study ID by sex, age and group allocation of the related patient participant: FMC01: male, aged 65, wife allocated to control 
group; FMC02: male, aged 72, wife allocated to intervention group. 
< Unable to complete due to COVID-19 restrictions 
> Number of sessions 
+Transitioned into outpatient-based PR therefore did not receive 8 weeks of the study intervention; completed 6/8 sessions planned prior to commencing outpatient-based 
PR.  
- Outcome not applicable 
Abbreviations: 6MST: 6 minute step test; a: “I felt that everything I did was an Effort” question; A: anxiety; ADLs: activities of daily living; b: “I could not get “going”” question; 
CAT: COPD Assessment Test; D: depression; EQ5D5L: Euro-Qol 5-dimentions 5-levels questionnaire; HADS: Hospital Anxiety and Depression scale; HaH: hospital at home; LCADL: 
London Chest Activities of Daily Living scale; mCES-D: Modified Center for Epidemiologic Studies Depression scale; NC: not calculable (due to outcome not able to be collected 
due to COVID-19 restrictions); PR: pulmonary rehabilitation; Q.: questionnaire; SPPB: Short Physical Performance Battery; T0: baseline assessment at hospital discharge; T1: 4-
week follow-up assessment; T2: 12-week follow-up assessment; UI: utility index; UTC: unable to complete 1 step; VAS: visual analogue scale.
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6.8 DISCUSSION 

The findings presented are the results from a mixed methods feasibility study which was suspended 

as a result of COVID-19. The findings suggest the co-designed home-based exercise training 

intervention integrated within a well-established HaH service to be acceptable to patients, family 

carers and healthcare professionals alike. However, further piloting would be required to make fully 

informed refinements to the study protocol and realistic recruitment and retention trajectories to 

ensure an efficacy trial in the future would be feasible.  

 

Limited conclusions could be drawn about clinical outcomes, but questionnaire-based outcomes 

appeared more acceptable to patients than physical measures, and in particular there was very poor 

uptake for monitoring via accelerometer. Qualitative findings indicated that patients, family carers 

and healthcare professionals found the integration of the home-based exercise training within a HaH 

service acceptable, however did not explain the disparity between outcome measure completion 

rates. The data obtained up to study cessation did not demonstrate any safety concerns associated 

with the intervention, corroborated by the qualitative findings. 

 

6.8.1 Implications of the findings  

6.8.1.1 Study feasibility  

The quantitative results suggest that many hospital episodes would have to be screened to identify a 

sufficient number of eligible patients for an efficacy trial given that less than 10% of screened patients 

were recruited, with only half of those eligible recruited. In particular, within a single-centre, some 

hospital episodes were readmissions of trial participants (i.e. “revolving door” patients with multiple 

hospital admissions per year) which made them ineligible for recruitment. Furthermore, a significant 
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proportion of patients were ineligible for the trial because they did not meet the local HIRS criteria for 

HaH (most commonly, being too well to require nursing support on discharge). Future home-based 

exercise trials may need to consider widening the inclusion criteria to increase recruitment rates.  

 

An interesting observation was that almost all the patient participants recruited had previously 

attended outpatient-based PR (15 out of 16). Explanations include the presence of an active integrated 

respiratory care service in the region with well-established PR pathways, or a potential selection bias 

whereby patients with past experience of PR were more likely to consent for the study. Moreover, of 

15 patients who declined consent for the trial, five did so because they did not want to undergo the 

intervention. These data suggest this intervention may be most acceptable to those who are invested 

in engaging with exercise training.  

 

Further observations include the better retention of patients within the intervention group (half the 

control group compared with none of the intervention group were lost from the trial at four weeks) 

and that the main reason for unblinding being assessments were completed by an unblinded 

researcher. The attrition in the control group appeared to be due to medically related issues rather 

than unhappiness about not receiving the intervention. Given the small numbers of this feasibility 

study, it is possible that the observation could be explained by chance. Additional pilot work is needed 

to see whether the attrition in the control group is consistent and whether by allocating more staff to 

support the completion of study assessments mitigates the risk of unblinding.  

 

Moreover, feasibility outcomes relating to completion rates and missing data for clinical outcomes at 

baseline, four weeks and 12 weeks, also require further piloting given the impact COVID-19 restrictions 

had on the ability to complete face-to-face assessments.  
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With regards to the qualitative results, all three stakeholder groups found the study to be feasible and 

acceptable.  The researcher stakeholder group provided the most information regarding feasibility of 

the study assessments and processes, and insights to enhance the delivery in a future efficacy trial. 

The other healthcare professional stakeholder groups provided valuable learning regarding 

integration and offered their perspectives on how this could be refined.  

 

As was highlighted by the integrated analysis, all the patient participants who were interviewed also 

completed the RCT components of the study per protocol. As a result, it would be important to ensure 

patients who dropped out or missed an assessment were included in interviews prior to an efficacy 

trial. This would allow a more comprehensive understanding of the potential barriers to study 

feasibility from a patient perceptive to be obtained (258).  

 

Finally, neither of the interviewed family carers reported any increased burden or worry as a result of 

the person living with COPD being involved in the research study. This finding is important given the 

already increased burden placed upon family carers during an acute exacerbation of COPD (28). 

 

6.8.1.2 Intervention feasibility  

The findings from this study suggest that the provided usual HaH care was similar between the two 

groups, and that contamination of the additional care provided to the intervention group into the 

control group did not appear to have occurred. Limited findings can be drawn from the data regarding 

intervention fidelity as 25% of the patient participants allocated to the intervention group were unable 

to receive the intervention due to COVID-19 restrictions. Nonetheless, given many of the sessions 
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were not delivered (>50%) to those who were able to receive the intervention, further exploration of 

compliance is required.  

 

Another observation is that very few patients were referred to outpatient-based PR at discharge and 

on discharge from HaH service, with the numbers of those taking up and subsequently completing the 

programme similarly low. Given the small numbers of this feasibility study, further piloting is required 

to better understand referral, uptake, and completion patterns.   

  

Most stakeholder groups (healthcare professional [HIRS team and PR team], patient participant and 

family carer) provided valuable qualitative insights regarding intervention feasibility and acceptability. 

These findings corroborated the perspectives raised in the co-design phase of this programme of work 

(Chapter 5), and suggest the designed intervention is both feasible and acceptable. As per the findings 

for study feasibility, family carers did not report any increased burden or worry as a result of the 

person living with COPD receiving the intervention.  

 

Finally, as highlighted in section 6.7, further piloting is required to explore the perspectives of less 

engaged patient participants, in particular patient participants who were unable to take up and adhere 

to the intervention, in order to understand intervention acceptability and feasibility more 

comprehensively. 

 

6.8.1.3 Clinical outcomes and safety 

Although the aim of the feasibility study was not to assess clinical efficacy of the intervention, 

potential clinical outcomes for a future efficacy study were recorded to provide insight into data 
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completeness, acceptability to patients and feasibility within the study setting. Whereas the 

questionnaires appeared to be acceptable, there was poor uptake of the 6MST. The 6MST has been 

shown to generate a near maximal cardiorespiratory response despite being reproducible (259, 260) 

and may not be an appropriate clinical outcome in this highly symptomatic population. Of note, 

although only two out of 16 declined to complete at baseline, five out of the 12 patients who 

consented to attempt the test were unable to complete a single step at baseline. Furthermore, the 

qualitative data from the researchers pointed out that the 6MST required two researchers to 

supervise the test, thus limiting practicability in some settings.  

 

There was also poor uptake of physical activity monitoring through the accelerometer, presumably 

because of the near continuous recording and intrusiveness. However, the qualitative findings did not 

provide further insights into the reasons for this to confirm or refute these postulations.  

 

In contrast, data on the SPPB (which comprises balance tests, a four-meter walk and a sit to stand test) 

were more complete and this may be a more appropriate physical functioning outcome in this 

population. The SPPB has been widely used in geriatric populations (230-232, 261) and consistently 

been shown to be associated with poor prognosis. Given that the questionnaire data was consistently 

complete, consideration also needs to be given to questionnaire derived assessment of physical 

functioning for a future efficacy study.  

 

Despite the limited conclusions from the quantitative results, the qualitative findings suggest patients, 

family carers and healthcare professionals all perceived there to be a clinical benefit of home-based 

exercise training intervention being integrated within a HaH service and being delivered early post-

acute exacerbation. In addition, the most interesting results derived from the integrated analysis 
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relate to potential clinical outcomes despite being the most complex to interpret. Given the 

complexity and number of outcomes required to be considered when integrating the clinical outcome 

findings, collection of further data is warranted to gain a more in-depth understanding of the trends 

between perceived clinical benefit and objectively measured clinical effect.   

 

Although there were limited number of participants, the adverse events findings of this study were 

reassuring, with only one adverse event (a non-serious event related to the worsening of chronic low 

back pain) determined to be possibly related to study intervention. This is corroborated by the initial 

qualitative results, evident from the complementary integrated findings. Additional exploration of 

patient participants perspectives who experienced an adverse event related to or possibly related to 

the study is required. 

 

6.8.1.4 Potential application for a future efficacy trial 

Initial insights and learning gathered from this study have been considered as if they were to be 

applied to an efficacy trial at this stage. The current data suggests the way the study was delivered, 

and the strategies for integration between the teams were felt to be proficient and generally 

acceptable by stakeholders. However, as discussed earlier, there were several issues that needed 

consideration for a future efficacy study, including the inclusion criteria (as recruitment was 

challenging), sample size (there were withdrawals largely due to medical issues) and the choice of 

clinical outcomes (particularly those related to physical functioning).   

 

A consideration highlighted by the researchers was that an increase in the number of staff would be 

needed to deliver the trial to ensure better distribution of workload and availability of cover for annual 

leave (or other reasons). Should this become a multi-centre trial, site-specific modifications regarding 
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integration would need to be considered to ensure local, service-specific processes were understood. 

Understanding the expertise and how well-established the research team was at each site would also 

be essential for a multi-centre study, with modifications made at local, site-specific levels as required. 

These local modifications would be undertaken to mitigate the risk of intervention, study processes 

and strategies for integration becoming infeasible or unacceptable.  

 

In the instance that insights raised from the PR team focus group were to be applied as standalone 

perspectives, adaptation to the intervention prior to an efficacy trial may be needed. The PR team 

were united in feeling that the intervention may be better delivered purely as a bridging programme 

into outpatient-based PR. However, the majority of the other stakeholders (patient participants, 

family carers and HIRS team) welcomed the option of a stand-alone home-based programme.  

 

6.8.2 Adaption to study as result of COVID-19 

Recruitment to this study was suspended on 11th March 2020 due to the global COVID-19 pandemic, 

and the restrictions in place as a result of the COVID-19 pandemic led to face-to-face data collection 

being prohibited. Consequently, those already enrolled within the RCT were still invited to complete 

their follow-up assessments, with as many outcomes as possible recorded via the telephone and/or 

post. No further patients were recruited to this study as the intervention being tested was 

underpinned by the best available evidence (Chapter 4) and involved a significant amount co-design 

work (Chapter 5). Therefore, it was deemed inappropriate to undermine the intervention 

development phases of this programme of work to adapt the intervention to comply with temporary 

COVID-19 restrictions.  
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It was however felt the qualitative elements of this study could be more easily collected through to an 

alternative method of data collection (via the telephone (262, 263) or videoconferencing (264)) to 

facilitate these being completed in line with the COVID-19 restrictions. As a result, three and one 

patient participant and family carer interviews respectively were successfully conducted via the 

telephone. Similarly, all the healthcare professional qualitative data was successfully collected via 

videoconferencing (four researcher interviews and two [HIRS and PR teams] focus groups). 

 

6.8.3 Critique of the method 

This mixed methods feasibility study used multi-methods within its constituent components: the 

qualitative methods included both interviews and focus groups, undertaken with varying degrees of 

structuredness, and the quantitative data included both prospective collection of study measures at 

pre-defined assessment points as well as interrogation of a service database to record outcomes.  

 

The use of multi-methods for the qualitative components of the study was related to the desire to 

understand ‘team’ viewpoints from the healthcare professionals perceptive. Therefore, topic guided, 

semi-structured focus groups were determined to be the most appropriate qualitative method of 

choice to explore these stakeholder perspectives (265). Comparatively, as the previous co-design work 

from Chapter 5 illustrated, patients were found to have very individualised needs and preferences. In 

order to be able to fully explore each patient participants, and their family member or informal carers, 

individual experiences, topic guided, semi-structured interviews were determined to the appropriate 

choice of methods for these stakeholder groups (266).  

 

That said, researchers, who were initially intended to be invited to attend a semi-structured focus 

group, were offered less structured interviews as an alternative (267). This change was reflective of a 
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discussion with one of my supervisors. It was noted that all the researchers involved in the delivery of 

the RCT element of this study had all undertaken distinctly different roles. It was felt that the 

researchers may have disengaged with the focus group as the focus group was unlikely to have been 

exploring topics which were sufficiently specific or relevant to them. The main component of the topic 

guide for the researcher interviews was to prompt the interviewee to provide a general description of 

their role within the delivery of the trial (Appendix 6). This prompt directed the follow-up questions 

and probes asked by the researcher (Appendix 6).  

 

There are well-documented benefits and limitations to both homogenous and heterogenous samples 

within focus groups, with a proposed ideal that a focus group includes participants who provide 

sufficient diversity to generate discussion, without becoming overly different that no common 

discussion points can occur (268). This study attempted to use a pragmatic sampling strategy, in that 

the focus groups would include those from a single healthcare professional stakeholder group (focus 

groups with the HIRS team and PR team separately). However, in order to introduce a degree of 

heterogeneity, the focus groups would aim to include healthcare professionals from their respective 

teams who were from different professional backgrounds with varying degrees of clinical expertise. 

However, as shown in section 6.6.3, there could be an argument to either increase the heterogeneity 

or increase the homogeneity in the future.  A focus group which was more heterogenous (inclusion of 

healthcare professionals from both the HIRS and PR teams, and across a more diverse range of 

professional backgrounds) could better facilitate exploration of the between-stakeholder 

perspectives; a focus group which was more homogenous (inclusion of those with a similar level of 

qualification and time employed within the team) could better ensure perspectives were more equally 

voiced.  
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6.8.4 Strengths  

A strength of this study was that the overall objective sought to comprehensively assess the 

acceptability and feasibility of testing the co-designed home-based exercise training intervention in 

an efficacy trial in the future. The mixed methods design of this study, with the completion of 

integrated analysis, means the results of this study, although limited due to COVID-19, have to some 

extent addressed this overall objective despite the significant disruption due to the COVID-19 

pandemic.  

 

An additional strength relates to the two development phases of the intervention. The intervention 

being tested underwent a rigorous process of systematically synthesising the best-available evidence 

(results presented in Chapter 4) and is based upon consensus decisions made by the key stakeholders 

through co-design events and meetings (findings presented in Chapter 5). 

 

The measures to collect the clinical outcome data moved away from traditional PR outcomes, such as 

field walking tests for exercise capacity or assessments for lower limb strength (269). The measures 

were instead selected to ensure similar outcomes were recorded, but using alternate methods suited 

to acute hospital, community and home settings, prioritising practicability and brevity. This was an 

important strength of this study given the assessments were required to be undertaken across 

multiple healthcare settings with patients who were acutely unwell. 

 

Finally, the participants recruited to this study were from a single centre (Hillingdon Hospital), with 

the usual outpatient-based PR programme delivered by a single PR provider (Harefield PR Service). As 

discussed in Chapter 3 (section 3.7.2), this has resulted in the outcome data relating to outpatient-
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based PR referral, uptake and completion for this study to only require interrogation of the Harefield 

PR service database, which is known to be well maintained and systematically recorded.   

 

6.8.5 Limitations 

This was single-centre study, investigating a home-based exercise training intervention integrated 

within a single, well-established HaH service. The HaH team and PR team both had significant input 

into both the intervention development and study design. Therefore, although the data from this 

study appear positive for this type of intervention at this stage in the patient pathway, the results do 

not mean that this intervention is guaranteed to be feasible and acceptable in its current format 

should this study to be undertaken across multiple centres. Modification or adaptations at an 

individual site level may be needed should a multi-centre efficacy trial be undertaken in the future.  

 

Recruitment to this study was suspended on 11th March 2020 due to the global COVID-19 pandemic. 

Recruitment to this study has been unable to resume due to the ongoing COVID-19 restrictions and 

the study intervention not being viable whilst they remain in place. Therefore, the amount of 

quantitative and qualitative data collected was less than planned. However, the data collected was 

able to help understand the acceptability and feasibility of the intervention and the study design. 

 

The restrictions in place as a result of the COVID-19 pandemic resulted in face-to-face assessments 

being prohibited for a number of the participants who were recruited prior to the pandemic. As such, 

there is missing data regarding the feasibility of collecting the physical outcome data  for some 

participants. Therefore, additional piloting is specifically required to fully understand the feasibility of 

collecting these outcomes prior to an efficacy trial.  
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6.9 CONCLUSION 

The results from this mixed methods feasibility study indicate an efficacy trial which investigates 

home-based exercise training integrated within a HaH service following hospitalisation for an acute 

exacerbation of COPD to be acceptable to patients, family carers and healthcare professionals alike. 

Moreover, the intervention appears to be safe, and patients, family carers and healthcare 

professionals qualitatively feel it to be of clinical benefit. However, the results highlight areas requiring 

additional piloting prior to an efficacy trial to increase intervention feasibility and optimise study 

delivery given the low recruitment rates, high drop out and poor uptake of some physical assessments.  

 

This chapter presents the results from the final stage of the four stage multi-phase mixed methods 

programme of work included within this thesis. The last chapter, Chapter 7, will include a summary of 

the results from the programme of work as a whole and draw conclusions based on the programme 

of work as a collective. 
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Chapter 7: Summary and future work 

 

This final chapter provides a summary of the results from the programme of work as a whole (Chapters 

2 to 6). This chapter will discuss the significance of the findings and offer suggestions for future work.  

 

7.1 SUMMARY OF FINDINGS 

Several novel and interesting findings emerged from the first two phases of this programme of work:  

1. Provision of a COPD discharge bundle was an important factor in determining referral and 

uptake rates for post-hospitalisation PR delivered in the outpatient setting (Chapter 2). 

 

2. Referral and uptake rates for post-hospitalisation PR delivered in the outpatient setting were 

significantly increased when the practitioner delivering the COPD discharge bundle also had 

responsibilities for and was involved in the delivery of PR (Chapter 2). 

 

3. A co-designed education video intervention shown on the day of hospital discharge had no 

effect upon patient uptake of post-hospitalisation PR delivered in the outpatient setting 

(Chapter 3).  

 

4. A significant proportion of the patients were unable to recall watching the co-designed 

education video at hospital discharge (suggesting the timing of delivery for the education 

video was not optimal) (Chapter 3). 
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Following consideration of the findings reported in Chapters 2 and 3, and re-evaluation of the current 

traditional delivery strategy of post-hospitalisation PR (traditionally an outpatient, centre-based 

programme), the priority of this programme of work focused on exploring the possibility of post-

hospitalisation PR being delivered in the home setting. In order to investigate a home-based PR 

programme, development of a model of care which would provide the home-based exercise training 

was required.  

 

Novel findings arose from stage one and two of the intervention development phases of this 

programme of work: 

1. The current evidence-base suggests provision of home-based exercise training following 

hospitalisation for AECOPD to be feasible and acceptable to both patients and healthcare 

professionals (Chapter 4).  

 

2. No data was found on perspectives of family members or informal carers regarding home-

based exercise training (Chapter 4).  

 

3. There was a paucity of trials and heterogenous data regarding the clinical effectiveness of 

home-based exercise training following hospitalisation for an AECOPD in relation to physical 

function, HRQoL and health service utilisation (Chapter 4).  

 

4. An integrated model of care, including home-based exercise training and HaH service, was co-

designed by service users and healthcare professionals to address low uptake, referral and 

subsequent completion of PR following hospitalisation for an AECOPD before testing in phase 

four (Chapter 5).  
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Testing of the feasibility and acceptability of this co-designed model of care began in phase four (a 

mixed methods feasibility study) of this programme of work. Despite this phase being significantly 

impacted due to the COVID-19 pandemic, the findings which emerged from the mixed methods 

feasibility study included:  

1. The co-designed home-based exercise training intervention integrated within a well-

established HaH service developed in phase three was found to be feasible and acceptable to 

patients, family carers and healthcare professionals alike (Chapter 6). 

 

2. The qualitative findings indicate patients, family carers and healthcare professionals all 

perceived clinical benefit to integrating home-based exercise training within the HaH service 

(Chapter 6).  

 

3. The quantitative data obtained regarding adverse events did not present any reasons for 

concern about the clinical safety of the home-based intervention, which was corroborated by 

the qualitative findings (Chapter 6).  

 

4. The data also highlighted areas requiring additional piloting to further increase intervention 

feasibility and optimise study delivery given the low recruitment rates, high drop out rates 

and poor uptake of some physical assessments. Additional data collection is required to better 

understand the potential for clinical effectiveness and for determination of effect size prior to 

an efficacy trial in the future (Chapter 6). 

 

The intervention developed and tested within this programme of work is reported in Table 7.1 

according to Template for Intervention Description and Replication (TIDieR) checklist. The table 

includes the location of information to comprehensively describe the intervention (270).
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Table 7.1 Completed TIDieR checklist with information from this thesis to describe the intervention developed within this programme of work 

Number Description Information location 
Brief name 
1 Provide the name or a phrase that describes the intervention Chapter 5, section 5.1 

Why 
2 Describe any rationale, theory, or goal of the elements essential to the intervention Throughout Chapters 4 

and 5  

What 
3 Materials: Describe any physical or informational materials used in the intervention, including those provided to 

participants or used in intervention delivery or in training of intervention providers. Provide information on where the 
materials can be accessed (such as online appendix, URL) 

Chapter 5, section 5.4.1.3 

4 Procedures: Describe each of the procedures, activities, and/or processes used in the intervention, including any 
enabling or support activities 

Chapter 5, section 5.4.3 

Who provided 
5 For each category of intervention provider (such as psychologist, nursing assistant), describe their expertise, background, 

and any specific training given 
Chapter 5, sections 5.4.1.3 
and 5.4.3, plus Figure 5.2 

How 
6 Describe the modes of delivery (such as face to face or by some other mechanism, such as internet or telephone) of the 

intervention and whether it was provided individually or in a group 
Chapter 5, section 5.4.3 

Where 
7 Describe the type(s) of location(s) where the intervention occurred, including any necessary infrastructure or relevant 

features 
Chapter 5, section 5.4.3 

When and how much 
8 Describe the number of times the intervention was delivered and over what period of time including the number of 

sessions, their schedule, and their duration, intensity, or dose 
Chapter 5, section 5.4.3 

Tailoring 
9 If the intervention was planned to be personalised, titrated or adapted, then describe what, why, when, and how Chapter 5, sections 5.4.1.1 

and 5.4.1.2 

Modifications 
10 If the intervention was modified during the course of the study, describe the changes (what, why, when, and how) Chapter 6, section 6.8.2 

How well 
11 Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any strategies were used 

to maintain or improve fidelity, describe them 
Chapter 6, section 6.4.8.2 

12 
 

Actual: If intervention adherence or fidelity was assessed, describe the extent to which the intervention was delivered as 
planned 

Chapter 6, section 6.5.3 
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7.2 SIGNIFICANCE OF FINDINGS  

The rationale for the programme of work presented in this thesis was that improving access and 

uptake to PR following hospitalisation for AECOPD is urgently needed. As discussed in Chapter 1, post-

hospitalisation PR for an AECOPD is recommended by the British Thoracic Society (34), and is included 

within the NICE COPD Quality Standards as a key priority of post-exacerbation care pathway (49). 

However, referral to, uptake (and subsequent completion) of outpatient, centre-based PR following 

hospitalised AECOPD are low (50, 52). Despite this, there has been limited data on interventions to 

improve access or uptake to such a programme.  

 

One strategy derived from the service improvement literature which has sought to extend ‘reach’ of 

outpatient, centrebased post-hospitalisation PR was the use of COPD discharge bundles. These 

bundles are a structured aide memoire of evidence-based practices prior to hospital discharge. In the 

UK, COPD discharge bundles include assessment for suitability, and subsequently offering a referral 

for PR (75). However, COPD discharge bundles are challenging to deliver, with as few as 8% of patients 

who receive the bundle receiving all five components (76). Therefore, it is not clear whether COPD 

discharge bundles do indeed increase the ‘reach’ of post-hospitalisation PR in practice. Additionally, 

COPD discharge bundles are potentially limited further as they are focussed solely upon improving 

referral rates at hospital discharge, and it is unknown whether there is any downstream impact (for 

example upon patient uptake of a PR programme).  

 

The results presented in Chapter 2 indicate that provision of a COPD discharge bundle in the local 

setting of the study was an important factor in determining referral and uptake rates for outpatient-

based post-hospitalisation PR; no resulting PR referrals occurred when a COPD discharge bundle was 

not delivered to the patient. Of particular interest, COPD discharge bundles delivered by a practitioner 
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delivering PR within their workplan was an independent predictor of PR referral and uptake. The data 

from this study was hypothesis generating, and further studies are required to test whether improving 

referrer knowledge and experience, potentially through formal training or closer integration between 

hospital services and PR, might increase referral and uptake for outpatient-based PR post-

hospitalisation for an AECOPD. The findings also suggest an intervention which standardises the 

information provided regarding post-hospitalisation PR within the COPD discharge bundle might 

increase referral and uptake rates.  

 

In order to address the disparity of the information provided between PR and hospital practitioners 

regarding post-hospitalisation PR highlighted in the results in Chapter 2, a co-designed education 

video shown as part of the COPD discharge bundle was investigated in Chapter 3. However, when 

shown on the day of hospital discharge, the co-designed education video had no effect upon patient 

referral, uptake, adherence or completion of outpatient-based PR post-hospitalisation for an AECOPD. 

Possible reasons for failure to demonstrate intervention efficacy include a “Hawthorne effect” on 

referral rates across both groups, potential cognitive impairments (which were not formally assessed) 

at hospital discharge and delivery of the video intervention at a sub-optimal time during recovery from 

an acute exacerbation.  

 

As a result of the findings from Chapters 2 and 3, I explored the feasibility of home-based PR as an 

alternative model to the current provision of outpatient-based PR delivered in hospital or community 

settings commonly adopted in the UK. 

 

Chapters 4 and 5 presented the intervention development phase of this programme work. The two 

stages were essential to ensure the new home-based model of care was underpinned by the best 
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available evidence and designed around the needs of the key stakeholders (service users and 

providers). Findings from the mixed methods feasibility study (Chapter 6), which tested the 

intervention co-designed in stages one and two of phase three of this programme of work, indicated 

that home-based exercise training integrated within a HaH service following hospitalisation for an 

AECOPD was feasible and acceptable to patients, family carers and healthcare professionals. The 

intervention was also safe. However, there were concerns about the study feasibility with slow 

recruitment rates, low patient retention rates (as this is a highly symptomatic population) in the 

control group especially, and the feasibility of objective exercise testing in this population and setting.  

Furthermore, in order to maintain continuity and to ensure assessor blinding, more research staff 

resources would be needed than anticipated. 

 

7.3 LIMITATIONS AND FUTURE WORK  

This programme of work was undertaken with the intention of achieving an overall aim (to examine 

different ways of improving referral, uptake and completion of PR following hospitalised AECOPD) 

through completing multiple phases which addressed specific objectives, with each phase built upon 

the foundations from the previous phase/s. This phased approach was required to ensure the final 

phase (the mixed methods feasibility study) was undertaken with confidence that the intervention: 1) 

was an appropriate alternate strategy for delivery which would achieve the overall aim, 2) was 

underpinned by the best available evidence, and 3) was co-designed by key stakeholders. This was 

undertaken with the intention of following the Medical Research Council framework for developing 

and evaluating complex interventions (101). However, despite the robustness of the preparatory 

phases, the findings reported from the mixed methods feasibility study were limited by early 

termination of this study due to COVID-19. The global COVID-19 pandemic resulted in a suspension of 

recruitment to this study, meaning insufficient data were able to be collected to comprehensively 

answer the specific objectives of this phase. Nonetheless, analysis of the data gathered highlighted 
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key areas requiring additional piloting to further increase intervention feasibility and optimise study 

delivery in the future, particularly if a multi-centre efficacy trial is proposed. Areas where additional 

data collection is also required to better understand the potential for clinical effectiveness and for 

determination of effect size prior to an efficacy trial in the future have also been identified from this 

data. 

 

There were also limitations within each phase, with additional research being required to corroborate 

and/or increase the generalisability or certainty of the findings reported. Phase one was a single centre 

cohort study. Although the a priori sample size was met, only a small proportion of bundles were 

completed by a hospital practitioner who contributed to PR delivery and the wide 95% confidence 

intervals suggest a degree of uncertainty. As a result, these findings may not be generalisable beyond 

our local population, and require corroboration within an external cohort to validate the findings 

which includes a greater proportion of bundles completed by hospital practitioners who contribute to 

PR. 

 

Phase two (the VIRTUE study), was also a single-centre study which tested a specific video in a 

particular setting. Therefore, although the video intervention tested within VIRTUE did not 

successfully increase referral, uptake, adherence or completion of post-hospitalisation PR, these 

results do not preclude the success of future video interventions to attempt to improve these 

outcomes. Therefore, future studies which investigate video interventions that might be developed 

for other settings, or delivered at different stages of the patient pathway, or as part of a more 

comprehensive intervention are warranted. 
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In stage one of phase three (the mixed methods systematic review), the major limitation was the lack 

of capacity for meta-analysis of the quantitative data. This was due to the lack of continuity in outcome 

measures, diverse timings for data collection and a significant proportion of unreported data in the 

included papers for the quantitative data. This suggests future studies investigating home-based 

exercise training following hospitalisation for an AECOPD should include core outcomes to increase 

the comparability of results between trials. 

 

For stage two of phase three (the EBCD project), similar to other phases within this programme of 

work, there is potentially a lack of transferability of the findings as the results only represent the 

perspectives of the participating stakeholders involved from one locality. Therefore, although these 

are perspectives of key stakeholders with adequate expertise, the specific model of care developed in 

this project may require local adaptation and service-specific exploration before wider 

implementation is possible. In addition, future research to further explore the perspectives of these 

stakeholders is warranted to corroborate or refute the findings from this EBCD project.  

 

The final phase (the mixed methods feasibility study) was a single-centre study. The HaH team and PR 

team involved in the study both had significant input into both the intervention development and 

study design. These services were based in secondary and tertiary care due to the delivery of the HaH 

and PR for the local services. Therefore, although the findings from this study appear positive for this 

type of intervention at this stage in the patient pathway, the generalisability and transferability of 

these findings are not guaranteed. Consequently, modification or adaptations at an individual site 

level, potentially with input from other care settings (for example primary care if HaH or PR services 

are hosted within this care sector), may be needed should a multi-centre trial be undertaken in the 

future.   
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7.4 CONCLUSION 

The burden of COPD remains significant. There are over 250 million cases of COPD worldwide and it is 

the third leading cause of death globally, with the burden from the disease predicted to continue to 

rise (2, 3). The impacts of acute exacerbations of COPD are far-reaching, resulting not only in 

pulmonary consequences, but also to deleterious physical, HRQoL and psychological effects on both 

patients and family carers. Outpatient-based PR has been shown to be effective in addressing some 

of these consequences. However, the accessibility and uptake of traditional outpatient-based PR 

programmes is currently poor, with barriers multifactorial and complex. Although there have been 

attempts to improve uptake of traditional outpatient-based PR, there are currently no known 

interventions that increase uptake of PR post-hospitalisation for an acute exacerbation of COPD. 

Therefore, a shift towards alternative models of delivery (such as in the home setting) may be required 

to comprehensively address the well-documented issues relating to accessibility of PR following 

hospitalisation for an acute exacerbation of COPD. This will reduce the requirement for a ‘one size fits 

all’ strategy for delivering post-exacerbation PR, and ensure a suite of delivery options can be offered 

to patients.  
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Appendix 2: VIRTUE usual care Pulmonary Rehabilitation leaflet 
 

Leaflet given as standardised written information regarding PR in VIRTUE. Reproduced with 
permission of the Royal Brompton and Harefield NHS Foundation Trust, copyright © 2020 Royal 
Brompton and Harefield NHS Foundation Trust. All rights reserved.  
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Appendix 3: Clinical decision-making tool from Delphi study 
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Appendix 4: Short Physical Performance Battery Standard 
Operating Procedure   

 

Part One 

BALANCE TESTS 

These allow an assessment of the participant’s ability to hold three basic standing positions 

with the eyes open. 

 

Required equipment 

Stopwatch, SPPB protocol and score sheet (Appendix a). 

 

Procedure 

The positions are side-by-side stand, semi-tandem, and full tandem stand (heel-to- toe) 

performed in this order (foot stance detailed in Appendix a). For each position, the assessor 

describes and then demonstrates the appropriate stand. Show the participant strategies to 

help balance (arm out to the side, bent knees, move body, but do not move feet). If the 

participant is unstable with support, do not try the balance tests and code it on the score sheet 

as “not attempted” and circle “not attempted, you felt unsafe”. 

 

1. Side-by-side stand: 

 

• The participant assumes the correct foot position (supported as 
necessary by the assessor). 

 

• Once the participant confirms they are steady, withdraw support and 
say “ready begin” and start timing; 

 

• Continue until ten seconds have elapsed, or until the participant moves 
their feet, or grasps the assessor for support. Watch the patient, not 
the stopwatch. 

 

• Note the balance duration if they hold it for less than ten seconds to 
the nearest hundredth of a second. Record on the score sheet 
(Appendix a). 

 

Participants who are unable to hold the stand for less than ten seconds do not proceed 

with the other balance tests and are given a score of zero for this section of the SPPB. 

Successful participants score one point and progress to the next stand. 
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2. Semi-tandem stand: 

 

• The participant is asked to stand with the heel of one foot (either foot) 
placed to the side of the big toe of the other foot. 

 

• Once the participant confirms they are steady, withdraw support and say 
“ready begin” and start timing; continue until ten seconds have elapsed, 
or until the participant moves their feet, or grasps the assessor for support. 
Watch the patient, not the stopwatch. 

 

• Participants score one additional point if they hold the semi-tandem 
position for ten seconds and proceed to the final balance test. Failure to 
hold the position for ten seconds results in a score of zero and end of the 
balance tests (Appendix a). 

 

3. Tandem stand: 

• The participant stands with the heel of one foot (either foot) placed directly 
in front of the toes of the other foot. 

 

• Once the participant confirms they are steady, withdraw support and say 
“ready begin” and start timing; continue until ten seconds have elapsed, 
or until the participant moves their feet, or grasps the assessor for support. 
Watch the patient, not the stopwatch. 

 

• Participants holding this position for ten seconds are awarded an 
additional two points. Those who hold it for 3-9.99 seconds are given one 
additional point and for less than 3 seconds the participant scores zero 
(Appendix a). 

 

Part Two 

 

GAIT SPEED TEST 

 

Required equipment 

Tape measure (if 4 metre course is not pre-marked), stopwatch, SPPB protocol and score sheet 

(Appendix a). 

 

Course layout 

• Use either a pre-marked 4 metre course  
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OR 

• Identify a hard flat surface to prepare the course 

• At a convenient starting point, mark the floor with tape (start line) 

• Using the tape measure (laid straight and flat at 90° to the start tape) 
determine 4m and mark this with 1m of tape (the finish line) 

 

Procedure 

Show the patient the walking course and ask them to walk at their usual speed, as if they were 

walking to go to the shops, walking past the finish line before stopping. Use the standardised 

instructions in Appendix a. Demonstrate a walk at normal speed and ask if the participant feels 

safe to attempt the walk. The participant may use a cane or walking aid during the walk, but 

if the patient is able to walk a short distance without these, they should be encouraged to do 

so. 

 

• Stand in a position so that you can observe the foot crossing the finishing  line; 
the best position to maintain is to the side and slightly behind the participant, 
outside of the patients visual field. 

 

• Ensure the participant’s toes are just touching the starting line. 
 

• Start timing when the participant begins to move. Do not start the watch when 
you say “begin”. 

 

• Stop timing when the participant’s first foot crosses the 4m finish line. If the 
foot lands on the line but doesn’t cross it do not stop timing; anticipate when 
a foot will fully cross the line and stop timing. Record the time to the nearest 
hundredth of a second. 

 

• Repeat the walking test. Remind the patient to walk at their usual speed and 
to walk through the line. 

 

Use the shorter of the two times for calculating the score as described (Appendix a) where if 

the time is more than 8.70 seconds the participant scores one point; between 6.21-8.70 

seconds they score two points; if the time is 4.82-6.20 seconds the participant scores three 

points, and if the time is less than 4.82 seconds they are awarded four points. 

 

 

Troubleshooting: If there are problems with the correct starting and stopping of the 

stopwatch, or the participant expresses concern that they did not reproduce their usual speed 

accurately the gait speed test should be repeated. If the walk was not attempted or 

completed, select a reason from the options on the score sheet and give the participant a 

score of zero. 
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Ambulatory Oxygen users 

An additional helper is required to carry a small oxygen cylinder or concentrator during the 

gait speed test. In this case ensure you remain behind the patient and do not set the walking 

speed. Conversely, supply the patient with extra-long tubing (>6m) connected to wall supplied 

oxygen or an immovable cylinder. 

 

Part Three 

 

CHAIR STAND TEST 

This assesses the participant’s ability to rise from a chair (i.e. leg strength) without using 

their arms. 

 

Required equipment 

A straight-backed armless chair with a hard seat, stopwatch, SPPB protocol and score sheet 

(Appendix a). 

 

Do not use a folding chair, a soft chair, a deep chair, or a chair on wheels. Place the chair next 

to the wall. There is no standardised floor to sitting surface height of chair described for this 

test. Each centre should use the same appropriate chair. As a guide, Harefield Hospital uses a 

chair with a floor to chair height of 48cm height (measured at the side and centre of the chair 

from the floor to the top surface of the seat). 

 

Procedure 

1. Single sit to stand 
• Describe and then demonstrate the sit to stand manoeuvre. Fold your arms 

across your chest and stand up one time from an armless chair placed against 
a wall. 

 

• Ask the participant to attempt the sit to stand. Record whether the participant 
was able to rise from the chair without the use of their arms. If the participant 
is unsuccessful ask them to repeat the stand using their arms. If the patient is 
unable to complete the chair stand test with their arms folded, or can only do 
it with the use of their arms, this will result in a score of zero for this section 
and the end of the test and do not attempt the five sit to stands. If the patient 
is successful note this down and proceed to the multiple chair stand test. 

 

Five sit to stands 
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• Ask the participant to stand up straight as quickly as they can five times without 
stopping in between. Tell the participant to stand up, sit down and then stand 
up again, keeping their arms folded across their chest. 

 

• Mention that you’ll be timing the test with a stopwatch. 
 

• Perform the demonstration, standing and rising as quickly as possible, 
emphasising the word quickly. 

 

• Start timing when the command to “stand” is given (this is different to the gait 
speed test where timing begins only when the participant begins to move). 

 

• Count out loud each time the participant straightens their body after the rise. 
Count the stand number only after the participant has straightened up; do not 
pace the test with your counting and do not encourage the participant during 
the test. 

 

• Stop timing when the participant stands straight up at the end of the fifth rise. 
 

Troubleshooting: If the participant does not attempt the test, or is unable to complete the 

test, note the reason on the score sheet. Do not record the time and score the patient zero 

for this part of the test. The test should be stopped if the participant becomes unduly tired 

during the repeated chair stands, uses their arms to rise at any time, or if the participant has 

not completed the five chair stands after one minute. The test may be stopped by the assessor 

if there are concerns about the participant’s safety. If the participant stops before completing 

the five rises, ask if they can continue. If the participant says yes, continue timing; if no, stop 

the test and record reason on the score sheet and give the participant a score of zero. 

 

Scoring of the chair stand test is based on established categories of completion times shown 

to divide the older population into four equal groups (Appendix a). Participants completing 

the test between 16.70 and 60 seconds score one point. Completion times falling into the 

range 13.70-16.69 seconds score two points, while those in the range 11.20-13.69 seconds 

score three points. If participants finish the five rises in less than 11.20 seconds they receive 

four points. 

 

Overall scoring for the complete SPPB 

• Add together the score from the Balance test (maximum 4 points), Gait Speed 
test (maximum 4 points) and Sit-to-Stand (maximum 4 points) to get an overall 
score. The summary score ranges from worst performance (0 points), to best 
performance (12 points). 
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ADDITIONAL SAFETY POINTS 

The assessor should be completely familiar with the test procedures and have practiced them 

with a partner who is in training or trained, or with a volunteer under the observation of 

someone experienced in administering the battery before attempting to administer the test 

battery to a patient or research subject. 

 

Clearly explain and demonstrate all procedures prior to testing. Participants should be queried 

to ensure that they understand the instructions. If a participant is uncomfortable performing 

a test or if you feel that it is not safe for an individual to continue, the test should not be 

performed. The assessor should stop the tests at any point if the participant appears unduly 

fatigued. 

 

BALANCE TESTS 

If required, the assessor may stabilise the participant by lightly holding his/her arm, or allow 

the participant to lean against them until their feet are in position. If the participant is not 

steady, even with support, do not continue with the balance tests. Ensure the participant is 

stable and feet are in the correct position before releasing him/her. The assessor should stand 

close enough so that it is possible to seize the patient’s arm if they begin to falter, but not so 

close that the patient’s balance is hindered if they use their arms to maintain balance. 

 

GAIT SPEED TEST 

Ensure that the course is clear of obstructions before giving the command to walk. The 

assessor should stay behind and slightly to one side of the participant, outside of his/her visual 

field, but close enough to support the participant if they begin to fall. A cane or walker may 

be used during the walk, but if participants can walk without the devices they should be 

encouraged to do so as this gives a more accurate assessment of functional limitations. 

 

CHAIR STAND TEST 

The assessor should ensure that the chair is stable against a wall for example, and that they 

are close enough to provide support if the patient requires it, but not too close so as to impede 

movement. 
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Appendix a 
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Appendix 5: Six-minute step test Standard Operating Procedure 
 

Purpose: 
 
The 6-minute step test (6MST) of free cadence was developed from the same principles as 
the 6-minute walk test (6MWT). One of the advantages over the 6MWT is that it may be used 
to assess functional capacity when a 30-metre corridor is unavailable. 
 
In patients with COPD the 6MST has been shown to have excellent intra-rater reliability (ICC 
> 0.8) (da Costa et al., 2014) and has been shown to correlate strongly with exercise capacity 
(Pessoa et al., 2014). Furthermore, a cut-off point of 78 steps was able to identify patients 
with a poor exercise tolerance (da Costa et al., 2014). 
 
 

Equipment: 

• 20cm height step (80cm in length and 40cm in width) with a non-slip rubber surface 

• Stopwatch 

• Tally counter 

• Pulse oximeter 

• Chair 

• BORG dyspnoea score 
 
 
Exclusion criteria  

• Unstable cardiovascular disease i.e. unstable angina, uncontrolled AF. 

• Neuromusculoskeletal impairment limiting participation in the Step Test. 

• Any condition the examiner deems that it is unsafe to attempt a Step Test. 

• Unable to perform one step up and down safely without using upper limbs. 
 
 
Procedure 
 

1. Calculate and record the patients submaximal heart rate (HR) before the step test 
using the equations below: 

 
Submaximal HR men = (220-age) x 0.85 

 
Submaximal HR women = (210-age) x 0.85 

 
2. Two assessors are required to perform the test – one to monitor the time and safety 

of the test, the second to count the number of step. 
3. Sit the patient in a chair prior to starting the test and allow them to rest for 5 minutes. 
4. Measure and record baseline heart rate, oxygen saturation and BORG dyspnoea score. 
5. Demonstrate one step up and step down without using upper limbs. 
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6. Ask the patient if they can perform one step up and step down without using upper 
limbs. If the patient cannot achieve this then do not proceed to the next step. Record 
as FAIL. If the patient can achieve this then continue with the assessment. 

7. Read the instructions described in Appendix i to the patient. 
8. Demonstrate ascending and descending the step using one leg first and then the 

opposite leg. 
9. Position the patient at the step. 
10. Ask the patient: “Are you ready to start?” 
11. Instruct the patient to “Start now or whenever you are ready”. 
12. As soon as the patient starts to step – start the stopwatch. 
13. Do not talk to the patient during the test only read the instructions as described in 

Appendix ii at the end of each minute in an even voice. 
14. Use the tally counter to count each step (one step is one step up and one step down 

– so that the participant returns to their starting position). 
15. Record the heart rate, oxygen saturation and the time when the patients stopped, as 

well as the duration of the stop. 
16. If the patient’s heart rate goes above the calculated submaximal heart or if oxygen 

saturation is less than 85% then the patient should be asked to rest until the heart rate 
is reduced by 10 beats/min under the submaximal heart rate or until the oxygen 
saturation increases to ≥88%. Instruct the patient as described in Appendix iii. Record 
the patient’s heart rate and SpO2 at the time they have stopped as well as the duration 
of the stop. 

17. After six minutes ask the patient to stop, the patient may wish to return to their seat 
straight after completing the test. 

18. Immediately record BORG dyspnoea score, heart rate and oxygen saturation. 
19. Immediately begin timing the recovery only stop timing when the observations have 

returned to the pre-test levels or when six minutes has elapsed. 
20. Make a note of how many steps the patient achieved. 

 
Additional Points: 
 

• If a patient stops to rest during the test, make a note of the number and duration of 
the rests. 

• Only record the number of steps which were fully completed without using the upper 

limbs and which were completed with the correct technique of going up the step and 

then back down again to the place where the patients’ feet started.  

 

 

Appendix i: Instructions for 6 minute step test (6MST) 

 

This is the 6 minute step test. The objective of this test is to climb the greatest 
number of steps you can in 6 minutes. The more steps you climb, the better your 
exercise capacity. You need to go up the step and then back down again to the 
place you started, with your feet on the floor. You can use either of your legs to 
begin, and you can change to the other whenever you want. 
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(Demonstrate one step up and down, starting with one leg, and then climb one 
more starting with the other leg). 
 
You cannot use your arms to help you climb, but if you feel that you might fall, 
you can use them to regain your balance. You need to stop using your arms as 
soon as possible. 
 
Six minutes is a long time to climb stairs, so you will be exerting yourself. You 
can slow down, stop, and even rest in the chair provided, but you should resume 
climbing as soon as you can. If your heart beats too fast, or the oxygen in your 
blood becomes too low, I will ask you to stop for a moment, and I will let you 
know when you can start again. Even if you stop, the countdown timer will not 
be stopped. Are you ready to start? Start now or whenever you are ready. 
 

Appendix ii: Instructions during 6 minute step test (6MST) 

 

After 1 minute: “You are doing well. You have 5 minutes to go” 

After 2 minutes: “Keep up the good work. You have 4 minutes to go” 

After 3 minutes: “You are doing well. You are halfway done” 

After 4 minutes: “Keep up the good work. You have only 2 minutes left” 

After 5 Minutes: “You are doing well. You have only 1 minute to go” 

At 6 minutes: “Please stop where you are” 

 

Appendix iii: Instructions during stoppages 

If a patient should stop walking during the test. Say this every 30 seconds once 
Sp02 is ≥88%: 

  
“Please resume walking whenever you feel able.” 
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Appendix 6: Mixed methods feasibility study topic guides 
 

Patient participant interview topic guide  

 

Complete consent and demographics form OR please obtain verbal consent the person, check the 

person has signed a consent form and check the person has completion of a demographics form. 

 

Reminder of ground rules:  

− You are being recorded but this will be transcribed and anonymised 

− Everything said here is confidential  

− If we quote anything you say we will do everything we can to ensure it is anonymous and not traceable 

back to you 

− If you tell me anything that makes me concerned for your safety or the safety of others, I may have to 

inform a medical professional   

− There are no right or wrong answers  

− This should take about 30 to 45 minutes, but we can stop at any time and continue later if you wish.   

− Because this over the telephone, can I check you are alone, and feel you can speak freely, or you are in the 

company of someone who you are happy to talk openly and honestly in front of.   
 

 

Aim and introduction: 

 

The aim of our study is to find out whether providing an exercise programme at home alongside 

your usual outreach care is acceptable. We are interested in your viewpoint as someone who was 

hospitalised due to a flare up of your COPD.   

During this interview I’ll ask you about… your experiences and preferences as a person living with 

COPD of the outreach care you received and any areas of the care which we could enhance to 

integrate your usual outreach care with pulmonary rehabilitation. We are also interested in what 

you think core elements of a home-based programme would be.  
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Experience of the trial processes  

To begin with, it is helpful for us to 
know a little about you found being 
part of the research study.  
 
1) how did it feel to be approached 
about and take part in this research? 
 

How was the process of signing up to the study? 
How was the information you received? 
How was completing the study assessments at 
discharge, a month after you had been home and 
then three months after you had been home? 
 

2) how did it feel to fill in the 
questionnaires? 

How was it filling them in?  
How relevant did the questions seem? 
Was there anything else we should have asked 
about?  

INTERVENTION GROUP ONLY 
Experience of the integrated rehabilitation - only prompt the intervention arm re: 
exercises / lung rehab programme 

It is also really helpful for us to 
understand a bit more about how 
you found having rehabilitation at 
home.  
 
3) So, how has it been receiving your 
rehabilitation at home? 

e.g. intensity of the exercise, types of exercise, 
frequency of the exercise, and perceived ability to 
complete the exercises without supervision, 
equipment used, individualisation of the 
programme, benefits/limitations of home 
environment; timing of when the exercises started in 
relation to timing of hospital discharge, impact of 
someone attending their home  
 

4) Have you noticed any changes 
after taking part the rehabilitation at 
home?  
 

e.g. effects on mobility/activities of daily living  
 

5) How did it compare to other 
rehabilitation you’ve been to? 

e.g. different benefits/challenges, peer support / 
group dynamics during the outpatient based 
programme compared to home-based programme, 
transport / travel to outpatient classes 
 

Health, support and needs (Before their flare-up, after discharge, and now) 

The last thing it is really helpful for 
us to know a little bit about your day 
to day life, both before and after 
you were in hospital with a flare up 
of your breathing. 
 
6) Could you tell me about how you 
were getting on before you were in 
hospital for a flare up of your 
breathing?  
 

How were you getting on? 
What were your concerns? 
What support did you have?  
Had you attended any lung rehabilitation?  
If so, how was it? 

7) How did you feel when you first 
came home after your flare up? 

How were you getting on? 
What were your concerns? 
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What support did you have? 
What support was most helpful at this point? 
Were any of your concerns not being addressed? 
(e.g related to emotional, social, spiritual and 
physical health) 
 

8) and how do you feel you’re 
getting on now?  

How were you getting on? 
What were your concerns? 
What support do you have? 
Are your concerns not being addressed? (e.g related 
to emotional, social, spiritual and physical health)  
Can you tell me what a normal day for you used to 
look like before you were in hospital 3 months ago? 
How does this compare to now? If negative changes, 
are all of these changes in your health from then to 
now being met?  
Impact of covid on your recovery  
e.g. lockdown restrictions, social distancing / 
shielding, related to emotional, social, spiritual and 
physical health) 
 

 

Closing statements: 

• Thank you for everything you have shared.  

• Before we finish, I just want to check you are feeling ok, both emotionally related to what we have 

spoken about, and / or from a health perspective – if anything emotional, and they would like onward 

support, advise RB will be in contact, who may refer to onward services as required; any respiratory 

health issues, prompt to access respiratory outreach team via the hotline, if any general health issues, 

prompt to access GP. 
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Family member and informal carer interview topic guide  

 

Complete consent and demographics form OR please obtain verbal consent the person, check the 

person has signed a consent form and check the person has completion of a demographics form. 

 

Reminder of ground rules:  

− You are being recorded but this will be transcribed and anonymised 

− Everything said here is confidential  

− If we quote anything you say we will do everything we can to ensure it is anonymous and not traceable 

back to you 

− If you tell me anything that makes me concerned for your safety or the safety of others, I may have to 

inform a medical professional   

− There are no right or wrong answers  

− This should take about 30 to 45 minutes, but we can stop at any time and continue later if you wish.   

− Because this over the telephone, can I check you are alone, and feel you can speak freely, or you are in the 

company of someone who you are happy to talk openly and honestly in front of.   
 

 

Aim and introduction: 

 

The aim of our study is to find out whether providing an exercise programme at home alongside 

your usual outreach care is acceptable. We are interested in your viewpoint as a family member or 

informal carer of someone who was hospitalised due to a flare up of their COPD.   

During this interview I’ll ask you about… your experiences and preferences as a  family member or 

informal carer of someone living with COPD of the outreach care you received and any areas of the 

care which we could enhance to integrate your usual outreach care with pulmonary rehabilitation. 

We are also interested in what you think core elements of a home-based programme would be.  
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Experience of the trial processes  

To begin with, it is helpful for us to 

know a little about you found [ADD 

PATIENT PARTICIPANT NAME] being 

part of the research study.  

 
 
1) how did it feel for [ADD PATIENT 
PARTICIPANT NAME] to be 
approached about and take part in 
this research? 
 

How do you think they found it? 
What was it like for you?  
How was the process of signing up to the study? 
How was the information you received as their 
family member or carer?  
How was completing the study assessments at: 1) 
discharge, 2) a month after they had been home and 
3) then three months after they had been home? 
 

2) how did it feel to fill in the 
questionnaires? 
 

How was it filling them in?  
What support did you give them? 
How relevant did the questions seem? 
Was there anything else we should have asked 
about?  

 

INTERVENTION GROUP ONLY - Experience of the integrated rehabilitation  

It is also really helpful for us to 
understand a bit more about how 
you found (ADD PATIENT 
PARTICIPANT NAME] having 
rehabilitation at home.  
 
3) So, how has it been for [ADD 
PATIENT PARTICIPANT NAME] 
receiving their rehabilitation at 
home? 

How do you think they found it?  
What did you make of it?  
e.g. intensity of the exercise, types of exercise, 
frequency of the exercise, and perceived ability to 
complete the exercises without supervision, 
equipment used, individualisation of the 
programme, benefits/limitations of home 
environment, impact of someone attending their 
home for home-base sessions timing of the exercises 
in relation to hospital discharge 
Role you played during the exercise training  
e.g. during supervised sessions, completing exercises 
unsupervised 
 

4) Have you noticed any changes 
since they have been taking part in 
their rehabilitation at home?  
 

e.g. effects on mobility/activities of daily living, 
 

5) How did it compare to other 
rehabilitation they have been to? 

Can you tell me about the role you would play when 
X has been to other rehab programmes? 
e.g. different benefits/challenges, peer support / 
group dynamics during the outpatient based 
programme compared to home-based programme, 
transport / travel support required to outpatient 
programme 
 

Health, support and needs (Before their flare-up, after discharge, and now) 

The last thing it is really helpful for 

us to know a little bit about is your 

How were they getting on? 
What were your concerns? 
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day to day life, both before and after 

[ADD PATIENT PARTICIPANT NAME] 

were in hospital with a flare up of 

their breathing. 

  
6) Could you tell me about how they 
were getting on before they were in 
hospital for a flare up of their 
breathing?  
 

What support did you give them?  
Had they attended any lung rehabilitation?  
If so, how was it? 

7) How did you feel when they were 
when they first came home after 
their flare up? 

How were they getting on? 
What were your concerns? 
What support did you give them? 
What support was most helpful at this point? 
Were any of your concerns not being addressed? 
(e.g related to emotional, social, spiritual and 
physical health) 

  

8) and how do you feel they are 
getting on now?  

How were they getting on? 
What were your concerns? 
What support do you give them? 
Are your concerns not being addressed? (e.g related 
to emotional, social, spiritual and physical health)  
Can you tell me what a normal day for you used to 
look like before they were in hospital 3 months ago? 
How does this compare to now? If negative changes, 
are all of these changes in their health from then to 
now being met 
Impact of covid on their recovery  
e.g. lockdown restrictions, social distancing / 
shielding, related to emotional, social, spiritual and 
physical health) 
 

 

Closing statements: 

• Thank you for everything you have shared.  

• Before we finish, I just want to check you are feeling ok, both emotionally related to what we have 

spoken about, and / or from a health perspective related to your family member / person you care for 

– if anything emotional, and they would like onward support, advise RB will be in contact, who may 

refer to onward services as required; any respiratory health issues, prompt to access respiratory 

outreach team via the hotline, if any general health issues, prompt to access GP. 
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PR focus group topic guide 

 

Please obtain verbal consent from each person, check each person has signed a consent form and 

check each person has completion of a demographics form. 

 

Reminder of ground rules:  

− You are being recorded but this will be transcribed and anonymised. 

− Everything said here is confidential. 

− If we quote anything you say we will do everything we can to ensure it is anonymous and not traceable 

back to you. 

− If you tell me anything that makes me concerned for your safety or the safety of others, I may have to 

inform a medical professional. 

− There are no right or wrong answers, and everyone is encouraged to express their opinion if it is different 

to other peoples. 

− This should take up to an hour, but we can stop at any time, and continue after a break or even another 

time, if we need to.   

− Please try to not talk over each other, and we encourage you to use the ‘hands up’ function to make sure I 

know that you have something to add so I can make sure you get a chance to say it. 

− You can also use the chat function to add any comments to indicate you have something to add, and which 

I will then ask you to elaborate on so I can make sure you get a chance to share your thoughts.  

− Finally, please also try to talk to the other people on the call rather than at me, so we can try and replicate 

a discussion that would happen if you were sat in a circle in a room together.  

 

Aim and introduction:  

The aim of our study is to find out whether providing an exercise programme at home alongside usual 

outreach care is acceptable. We are interested in your viewpoint as someone who is a member of staff in the 

PR service and who delivers exercise training to patients who were hospitalised due to a flare up of their 

COPD.   

During this focus group I’ll ask you about your experiences as members of staff in the PR service. This will be 

about the usual PR provided following an exacerbation, the delivery of home-based PR and what you think 

barriers and facilitators to this are. We are also interested in your experiences of the being involved in the 

clinical service when the trial was being conducted. 

 

Icebreaker / introductions 

I know you all know each other, but 
before we start, it would be helpful 
if you could just introduce yourself 
with your first name, and I will do 
the same, for the purpose of the 

Go around screen and make sure everyone has 
introduced themselves.  
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recording and so we know what 
each other’s preferred name is.  

Usual PR programme   

To begin with, it is helpful for us to know a little about what the PR service would 
usually provide for patients post-acute exacerbation (this can be brief for both – this 
is mainly to get people chatting by starting with something they are familiar and 
comfortable with). 
  

1) pre-covid? a) Could you talk me through what happens from 
the point a patient gets referred to PR to when 
they are discharged from the programme, before 
covid? What does the pathway look like and how 
long is it for? How are they assessed? What 
would be included in the ‘programme’?  

2) during covid? a) Could you talk me through what happens from 
the point a patient gets referred to PR to when 
they are discharged from the programme, since 
the covid restrictions? What does the pathway 
look like and how long is it for? How are they 
assessed? What would be included in the 
‘programme’? 
 

Experience of integrated rehabilitation component, positive and negative  

It is also really helpful for us to understand a bit more about how you feel about 
rehabilitation at home being delivered alongside the usual outreach service.  
 

3) So, could you tell me your 
thoughts about rehabilitation at 
home was delivered?  

Prompts re: the setting (in someone’s home) itself, 
how rehab in the home-setting linked with usual 
outreach care,  how this integration may impact the 
way day-to-day outreach care was delivered, were 
there any potential benefits to the integration, were 
there any challenges they could foresee to 
integration, both positive and negative.  
 
What about for those who may have been referred 
for outpatient PR, but were receiving home-based 
rehabilitation as part of the trial? 
 
In relation to the home-based exercises specifically: 
impact of someone attending the home of a patient 
to provide the rehab. 
 
In relation to covid: what impact do you feel covid 
has had on the ability to deliver rehabilitation at 
home alongside the usual outreach care? 
 

Perceived values, benefits and harms of the intervention content and delivery 

So we’ve talked a bit about how you found rehabilitation at home being delivered 
alongside the usual outreach service. It would also be good to know a little bit about 
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what you feel the value, benefits and negatives of this might be from your 
perceptive as a healthcare professional. 
 

4) So how do you feel the home-
based rehab compared to other 
rehabilitation which is offered to 
patients after an acute 
exacerbation? 

Prompts re: different benefits/challenges, peer 
support / group dynamics during the outpatient 
programme compared to home-based programme, 
transport / travel to outpatient classes, how well 
they feel patients may engage with the two different 
programmes, how they feel patients felt about 
home-based programme compared to outpatient 
programme. 
 

5) Did you notice any changes in 
patients who started usual 
outpatient PR who had been 
receiving the rehabilitation at home 
compared to those who attended 
outpatient PR without any home-
based rehabilitation?  

a) effects on mobility  
b) activities of daily living 
c) breathlessness symptoms  
d) mood / psychologically  
e) re-exacerbation or admission 
f) engagement in outpatient PR  

 

Acceptability, dose and reach of the intervention in practice for patients / family 
carers 

It is also really helpful for us to understand a bit more about how you feel 
rehabilitation at home being delivered alongside the usual outreach service, but this 
time how you feel it might be experienced by patients and their informal carers / 
family members. 
 

6) So, how do you feel patients and 
their informal carers / family 
members felt about receiving 
rehabilitation at home? 

e.g. intensity of the exercise, types of exercise, 
frequency of the exercise, and perceived ability to 
complete the exercises without supervision, 
equipment used, individualisation of the 
programme, benefits/limitations of home 
environment; timing of when the exercises started in 
relation to timing of hospital discharge, impact of 
someone attending their home.  
 

Communication around the trial concept, introduction and delivery 

The last thing I wanted to discuss was the conduct of the trial, and what it felt like to 
be working in a service which was delivering a research project.  
 

7) Would you be able to tell me 
about what you were required to do 
alongside your normal job to 
support this trial?   

Prompts: and how did you feel about what you were 
required to do? What impact did what you were 
required to do have on your workload / caseload 
(increased or lesser burden of work)? Do you feel 
there any positives / negatives of working in a 
service where a trial was being conducted? Do you 
feel the patient care was affected or changed as a 
result of the trial (continuity of care / integration / 
skills of person delivering care)? Could you suggest 
any areas where improvements could be made? 
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Could you tell me about any elements of the process 
you feel were successful? 
 

8) Would you be able to tell me 
about what the role of the 
researcher was who was conducting 
the trial who was delivering the 
home-based programme?     

Prompts: and how did you feel about what they were 
required to do (screening, recruitment, information 
giving re: trial, consent process and assessment 
process, and the actual delivery of the home-based 
programme)? Do you feel patient care was affected 
or changed as a result of the trial (continuity of care 
/ integration / skills of person delivering care)? Could 
you suggest any areas where improvements could be 
made? Could you tell me about any elements of the 
process you feel were successful?  
 

 

Closing statements: 

• Thank you for everything you have all shared.  

• Before we finish, I just want to check everyone is feeling ok, both emotionally related to what we 

have spoken about – if anything emotional, and they would like onward support, advise RB will be in 

contact, who may refer to onward services as required. 
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HIRS focus group topic guide 

 

Please obtain verbal consent from each person, check each person has signed a consent form and 

check each person has completion of a demographics form. 

 

Reminder of ground rules:  

− You are being recorded but this will be transcribed and anonymised. 

− Everything said here is confidential. 

− If we quote anything you say we will do everything we can to ensure it is anonymous and not traceable 

back to you. 

− If you tell me anything that makes me concerned for your safety or the safety of others, I may have to 

inform a medical professional. 

− There are no right or wrong answers, and everyone is encouraged to express their opinion if it is different 

to other peoples. 

− This should take up to an hour, but we can stop at any time, and continue after a break or even another 

time, if we need to.   

− Please try to not talk over each other, and we encourage you to use the ‘hands up’ function to make sure I 

know that you have something to add so I can make sure you get a chance to say it. 

− You can also use the chat function to add any comments to indicate you have something to add, and which 

I will then ask you to elaborate on so I can make sure you get a chance to share your thoughts.  

− Finally, please also try to talk to the other people on the call rather than at me, so we can try and replicate 

a discussion that would happen if you were sat in a circle in a room together.  

 

Aim and introduction:  

The aim of our study is to find out whether providing an exercise programme at home alongside usual 

outreach care is acceptable. We are interested in your viewpoint as someone who is a member of staff in the 

outreach service and who works with patients hospitalised due to a flare up of their COPD.   

During this focus group I’ll ask you about your experiences as members of staff in the outreach service. This 

will be about the usual outreach care provided, the delivery of home-based pulmonary rehabilitation within 

this service as part of our trial and what you think barriers and facilitators to this are. We are also interested in 

your experiences of the being involved in the clinical service when the trial was being conducted. 

 

Icebreaker / introductions 

I know you all know each other, but 
before we start, it would be helpful 
if you could just introduce yourself 
with your first name, and I will do 
the same, for the purpose of the 

Go around screen and make sure everyone has 
introduced themselves.  
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recording and so we know what 
each other’s preferred name is.  

Usual outreach (hospital at home) care   

To begin with, it is helpful for us to know a little about what care and treatments 
the outreach service would usually provide (this can be brief for both – this is mainly 
to get people chatting by starting with something they are familiar and comfortable 
with). 
  

1) pre-covid? b) Could you talk me through what happens from 
the point a patient comes into hospital to when 
they are discharged home, before covid? What 
care and treatments do they receive?  

c) Could you tell me about what care and 
treatments might be provided when they return 
home after being in hospital, before covid? What 
did the patient pathway look like? 

  

2) during covid? b)  Could you talk me through what happens from 
the point a patient comes into hospital to when 
they are discharged home, but what is 
happening now due to covid? What care and 
treatments do they receive? 

c) Could you tell me about what care and 
treatments might be provided when they return 
home currently during restrictions due to covid? 
And what does the patient pathway look like 
now? 
  

Experience of integrated rehabilitation component, positive and negative  

It is also really helpful for us to understand a bit more about how you found 
rehabilitation at home being delivered alongside the usual outreach service you 
have just told me about.  
 

3) So, could you tell me about your 
experiences of how the 
rehabilitation at home was 
delivered?  

Prompts re: the setting (in someone’s home) itself, 
how rehab in the home-setting linked with usual 
outreach care,  how this integration impacted the 
way day-to-day outreach care was delivered, were 
their any benefits to the integration, were there any 
challenges to integration, both positive and 
negative. 
 
In relation to the home-based exercises specifically: 
timing of when the exercises started in relation to 
timing of hospital discharge, impact of someone 
attending their home to provide the rehab. 
 
In relation to covid: what impact do you feel covid 
has had on the ability to deliver rehabilitation at 
home alongside the usual outreach care? 
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Perceived values, benefits and harms of the intervention content and delivery 

So we’ve talked a bit about how you found rehabilitation at home being delivered 
alongside the usual outreach service. It would also be good to know a little bit about 
what you feel the value, benefits and negatives of this might be from your 
perceptive as a healthcare professional. 
 

4) So how do you feel the home-
based rehab compared to other 
rehabilitation which is offered to 
patients after an acute 
exacerbation? 

Prompts re: different benefits/challenges, peer 
support / group dynamics during the outpatient 
programme compared to home-based programme, 
transport / travel to outpatient classes, how well 
they feel patients engaged between the two, how 
they feel patients felt about home-based programme 
compared to outpatient programme. 
  

5) Did you notice any changes in 
patients after they took part the 
rehabilitation at home?   

g) effects on mobility  
h) activities of daily living 
i) breathlessness symptoms  
j) mood / psychologically  
k) re-exacerbation or admission 

 

Acceptability, dose and reach of the intervention in practice for patients / family 
carers 

It is also really helpful for us to understand a bit more about how you feel 
rehabilitation at home being delivered alongside the usual outreach service, but this 
time how you feel it might be experienced by patients and their informal carers / 
family members. 
 

6) So, how do you feel patients and 
their informal carers / family 
members felt about receiving 
rehabilitation at home? 

e.g. intensity of the exercise, types of exercise, 
frequency of the exercise, and perceived ability to 
complete the exercises without supervision, 
equipment used, individualisation of the 
programme, benefits/limitations of home 
environment; timing of when the exercises started in 
relation to timing of hospital discharge, impact of 
someone attending their home.  
 

Communication around the trial concept, introduction and delivery 

The last thing I wanted to discuss was the conduct of the trial, and what it felt like to 
be working in a service which was delivering a research project.  
 

7) Would you be able to tell me 
about what you were required to do 
alongside your normal job to 
support this trial?   

Prompts: and how did you feel about what you were 
required to do? What impact did what you were 
required to do have on your workload / caseload 
(increased or lesser burden of work)? Do you feel 
there any positives / negatives of working in a 
service where a trial was being conducted? Do you 
feel the patient care was affected or changed as a 
result of the trial (continuity of care / integration / 
skills of person delivering care)? Could you suggest 
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any areas where improvements could be made? 
Could you tell me about any elements of the process 
you feel were successful? 
 

8) Would you be able to tell me 
about what the role of the 
researcher was conducting the trial 
who was working with the outreach 
team?    

Prompts: and how did you feel about what they were 
required to do (screening, recruitment, information 
giving re: trial, consent process and assessment 
process, and the actual delivery of the home-based 
programme)? Do you feel there any positives / 
negatives of having this researcher working in the 
clinical service as well as working on the trial? Do 
you feel the patient care was affected or changed as 
a result of the trial (continuity of care / integration / 
skills of person delivering care)? Could you suggest 
any areas where improvements could be made? 
Could you tell me about any elements of the process 
you feel were successful? 
 

 

Closing statements: 

• Thank you for everything you have all shared.  

• Before we finish, I just want to check everyone is feeling ok, both emotionally related to what we 

have spoken about – if anything emotional, and they would like onward support, advise RB will be in 

contact, who may refer to onward services as required. 
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Research team interview topic guide 

 

Please obtain verbal consent from the person, check the person has signed a consent form and 

check the person has completion of a demographics form. 

 

Reminder of ground rules:  

− You are being recorded but this will be transcribed and anonymised. 

− Everything said here is confidential. 

− If we quote anything you say we will do everything we can to ensure it is anonymous and not traceable 

back to you. 

− If you tell me anything that makes me concerned for your safety or the safety of others, I may have to 

inform a medical professional. 

− There are no right or wrong answers, and everyone is encouraged to express their opinion if it is different 

to other peoples. 

− This should take up to an hour, but we can stop at any time, and continue after a break or even another 

time, if we need to.   

 

Aim and introduction:  

The aim of our study is to find out whether providing an exercise programme at home alongside usual 

outreach care is acceptable. We are interested in your viewpoint as someone who is a research member of 

staff who was involved in the delivery of the trial, in either a small or large capacity. During this interview I’ll 

ask you about your experiences as research member of staff relating to how the trial was conducted and run. 

 

Involvement in trial    

To begin with, it is helpful for us to know a little about what your role was during 
the trial? (this will guide the rest of the questions a lot as there is a big difference in 
the amount of involvement people had with this trial) 
  

1) pre-covid? d) Could you talk me through what happens from 
the point a patient gets referred to PR to when 
they are discharged from the programme, before 
covid? What does the pathway look like and how 
long is it for? How are they assessed? What 
would be included in the ‘programme’? 

2) during covid? d) Could you talk me through what happens from 
the point a patient gets referred to PR to when 
they are discharged from the programme, since 
the covid restrictions? What does the pathway 
look like and how long is it for? How are they 
assessed? What would be included in the 
‘programme’? 
 

Communication around the trial concept, introduction and delivery 
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This leads nicely into what I wanted to discuss about the delivery of the trial and the 
conduct of trial assessments. There may be things you can’t answer or weren’t 
involved in, which is anticipated, but it is useful to understand what was involved in 
working on this research project as a whole as well as for your individual role.  
 

3) Would you be able to tell me 
about what the different researcher 
roles there were within this trial?    

Prompts:  
Person who did: 
a) Screening / Recruitment  
b) Information giving re: trial to patients / consent 

process 
c) Assessment process (at baseline, 4 weeks and 3 

months post discharge, who was required, 
where they were conducted) 

d) Delivery of usual outreach care 
e) Delivery of the home-based programme 
 
Could you talk me through the process of blinding in 
this trial? How do you feel this was achieved in this 
trial (e.g. able to be maintained easily, hard to be 
maintained)?  
 
How did it feel to complete the selected outcome 
measures? E.g. around whether the specific outcome 
measures selected reflected the areas where 
patients might benefit from the intervention being 
tested (e.g. quality of life or exercise capacity, how 
do you feel about the number of outcomes which 
were assessed, and how do you think patients felt 
about the outcomes assessed? 
 
Could you suggest any areas where improvements 
could be made in terms of the trial conduct? Could 
you tell me about any elements of the process you 
feel were successful?  
 

 

Closing statements: 

• Thank you for everything you have all shared.  

• Before we finish, I just want to check everyone is feeling ok, both emotionally related to what we 

have spoken about – if anything emotional, and they would like onward support, advise RB will be in 

contact, who may refer to onward services as required. 
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Appendix 7: Mixed methods feasibility study reflective proforma 
for qualitative components 

 

  

 Interview / focus group (date):  

Facilitator (initials):  

 

Setting:  

 

Group dynamics (if applicable):  

 

Content: 

 

Interviewer reflections: 

How did it go? 

My own emotions and reflections: 

Any surprises? 

Most memorable part of the interview? 

Best interview question? 

What I’d ask / ask differently next time? 

 

 

For Ruth:  

Key themes and reflections: 

Anything in line with what I expected? 

How did my thoughts / attitudes change? 

Other thought 


