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The purpose of this mixed methods feasibility study was to gain insights into unmet clinical needs, stakeholder preferences and potential barriers and enablers to adoption for planning the implementation of point-of-care testing for earlier detection and guided treatment of chronic obstructive pulmonary disease (COPD) acute exacerbation in the NHS in England. Exacerbations of COPD cause considerable mortality and morbidity. Earlier identification of exacerbations and guided treatment would lead to reduced exacerbation duration, reduced hospitalizations and mortality, improve health-related quality of life, reduce unnecessary treatments (including inappropriate antibiotic prescribing) which could save the NHS over £400 per patient. During the early stages of product design, we took a multi-disciplinary approach to evidence generation, gaining insights from key stakeholders to test the product concept and inform evidence-based implementation planning. Primary data was collected from 11 health care and service professionals involved in the management of acute COPD exacerbations. Overall, participants agreed that by earlier differentiation of acute exacerbation from stable COPD, patients could be started on appropriate treatment. To implement point-of-care testing into clinical practice, evidence is required to demonstrate the accuracy of differentiating between exacerbation etiologies and to provide information on the beneficial impact to the system in terms of optimized management, reduced long-term side effects, admission avoidance, and cost-effectiveness. This research provides an evidence base for future implementation planning of point-of-care testing for earlier detection and guided treatment of COPD acute exacerbation. Moreover, the technology developers can decide whether to refine the product design and value proposition thereby de-risking product development.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation. In 2019, over 200 million cases of COPD were reported leading to >3 million deaths globally (1). In the UK, 1.2 million people suffer from COPD costing health care and service providers >£800 million a year in treatment costs, and COPD is responsible for nearly 30,000 deaths annually (2). Exacerbation is the term used for acute and sustained worsening of COPD symptoms. COPD is irreversible but exacerbations are preventable by treatment and management with drugs such as steroids, beta2-agonists, antibiotics and vasodilators (3).

Acute exacerbations of COPD reduce the quality of life for patients, increase hospitalizations and are difficult to predict and detect early enough to intervene. Current strategies include the use of patient reported outcome measures (PROMs) and measurement of blood biomarkers or causative agents (4). PROMs have been combined into a smartphone-based algorithm with high diagnostic agreement (5). In the USA, remote respiratory rate monitoring has been proposed as an alternate strategy (6). Techniques to directly measure inflammation in the airways, such as bronchoscopy, bronchoalveolar lavage and biopsy, are too invasive for routine use (7). Systematic reviews recommend further investigation into measuring inflammatory biomarkers in blood, including fibrinogen (8), C-Reactive Protein (8, 9), IL-6 (8, 9) and TNF-alpha (9) to detect acute COPD exacerbation.

The need for more accurate, non-invasive analysis of lung inflammation has led to increasing interest in exhaled breath analysis and urinalysis as methods for identifying surrogates for airway inflammation (10). Use of fractional exhaled nitric oxide (FENO) in breath has been used to differentiate between asthma and COPD exacerbation alongside blood eosinophil counts (11). FENO can be used to guide appropriate therapy in a sub-set of COPD patients (12). However, one study shows that there may not be a link between FENO levels and COPD exacerbation suggesting that breath analysis, such as FENO, may not have clinical utility in identifying COPD patients experiencing acute exacerbation (13).

Use of urinalysis is well-evidenced and implemented in clinical practice for kidney disease and urinary tract infection (14). Measuring a panel of 10 inflammatory biomarkers in urine has been shown to differentiate between stable COPD and acute exacerbation (15). The aim of randomized control trial NCT04296318 was to establish if a point-of-care test measuring 10 inflammatory biomarkers in urine, alongside symptom monitoring, has utility in earlier identification of COPD acute exacerbation and differentiation from stable disease, with sufficient reliability. An early cost-utility analysis showed that measuring inflammatory biomarkers in urine to guide treatment of COPD patients experiencing an exacerbation may be highly cost-effective (16). Evidence exists of user acceptance of the approach (17). This feasibility study was embedded into NCT04296318 alongside a patient usability study led by Leicester, to gain insights from key stakeholders about the product concept and generate evidence to support future implementation planning.

Early economic evaluation of medical technologies helps to ensure that new interventions being implemented in care pathways are more likely to be accurate and cost-effective facilitating more rapid implementation (18). Allotty et al. describe the importance of “developing the critical evidence base that informs effective, sustained and embedded adoption of interventions by health systems and communities” (19). Key criteria for implementation of new technologies have been summarized into a checklist (20). Implementation is defined as “the processes or methods, techniques, activities, and resources that support the adoption, integration, and sustainment of evidence-based interventions into usual settings—sample indicators and outcomes include acceptability, adoption, appropriateness, cost, feasibility, penetration and sustainability” (21). Significant progress has been made developing frameworks to build and disseminate evidence that underpins implementation (21, 22) User-centered design can contribute greatly to evidence-based practice and driving successful implementation (23). The authors observe that test developers do not engage early enough with stakeholders who play a key role in influencing the implementation process. The purpose of this study was to gain insights, during the early stages of product design, into unmet clinical needs, stakeholder preferences and potential barriers and enablers to adoption to inform future development of an evidence-based implementation strategy for point-of-care testing for earlier detection and guided treatment of COPD acute exacerbation in the NHS in England.



2. Methods

In this feasibility study we took a multi-disciplinary approach to evidence generation, bringing together user-centered design, human factors, impact assessment and value-based pricing methods. Similar multi-disciplinary approaches have been developed, tested (24, 25) and supported early economic evaluation (26, 27). The purpose of this study was to gain insights from health care professionals (participants), working in hospitals and primary care, into the proposed implementation of point-of-care testing for earlier detection and guided treatment of acute exacerbation of COPD.

The study was conducted in accordance with the principles of the Declaration of Helsinki (2008) and the International Council for Harmonization and Good Clinical Practice guidelines and as part of NCT04296318 (COPE-WEL) approved by the Research Ethics Committee of University Hospitals of Leicester NHS Trust.

To identify stakeholders, a high-level care pathway for management of COPD acute exacerbation was mapped through discussions with service providers and by consulting the National Institute of Health and Care Excellence (NICE) guideline NG115 (28). Using a convenience sampling approach (29), participants were recruited from contacts already known to the researchers and from the participants' networks because it was essential that all participants were knowledgeable in the management of COPD patients and prescribing of appropriate therapies.

Recruitment was from March 2019 to June 2019. All participants provided informed consent for both the interview and recording of the interview. Participants completed a demographic questionnaire. A discussion guide was provided to participants describing the current care pathway and details of the proposed implementation of point-of-care testing.


	(i)We used qualitative questions to capture participant's perspectives on the current care pathway:

	a.Definition of acute exacerbation

	b.Current methods for diagnosis and management

	c.Burden of inappropriate use of medicines

	d.Unmet need for an objective diagnostic test

	e.Long terms benefits from guided treatment




	(ii)Participants were asked to rate their level of agreement on a 7-point Likert-type scale (30) against a series of questions to assess the utility of point-of-care testing in the care pathway where 1 = strongly disagree and 7 = strongly agree.

	(iii)We used a standardized questionnaire to assess stakeholder preferences of perceived usefulness (31) where we asked participants to rate their level of agreement on a 7-point Likert-type scale.

	(iv)Participants were asked about their intention to promote the use of point-of-care using a Net Promoter Score (32).

	(v)To assess an acceptable price point, participants were presented with value-based scenarios and prompted to indicate the maximum price they would be willing to pay for point-of-care testing under the conditions in the scenario.

	(vi)Participants were invited to consider factors that may influence their decision to adopt point-of-care testing for detection and guided treatment of acute exacerbation of COPD. They were provided with 5 key factors (cost and change to care pathway, patient outcomes, hospital admissions, prescribing) and asked to rate the level of impact these factors would have in the decision-making process (High/Medium/Low) and whether the impact would be positive or negative.

	(vii)Participants were asked about the minimum level of sensitivity and specificity that would be acceptable.



Interviews lasted 30–45 min and were recorded using an audio recorder following verbal consent. No financial reimbursement was offered to participants. Each interview was manually transcribed and checked by another team member. The transcripts were analyzed and organized into themes. The saturation point was achieved where no new themes or opinions were observed. For the Likert-type items composite score and percentage level of agreement were calculated. The study output provides evidence for future implementation planning for point-of-care testing for earlier detection and guided treatment of COPD acute exacerbation.



3. Results

All participants had sufficient experience and were actively involved in the treatment of COPD patients. 36.4% of the participants interviewed were male with a mean of 19.8 years of experience and a mean age of 45.3. 63.6% of the participants interviewed were female with a mean of 13.9 years of experience and a mean age of 46.1 years.


3.1. Insights into the current care pathway and unmet clinical needs

We used qualitative questions to capture participant's perspectives on the current care pathway for COPD acute exacerbation and to assess the level of unmet need for an objective diagnostic test.


	Q1. Participants defined an acute exacerbation of COPD as a sustained worsening of symptoms (increased breathlessness, increased sputum volume or production, sputum purulence, worsening cough and wheezing) beyond the patients' normal variation that required changes to their treatment. All participants concurred that the diagnosis of an acute exacerbation of COPD is currently based on symptoms and clinical assessment.

	Q2. For the management of an acute exacerbation of COPD, treatment options cited were steroids, antibiotics, physiotherapy, beta2-agonists, bronchodilators, nebulized therapy, controlled oxygen, non-invasive ventilation and intubation. All participants acknowledged the vital role of the community care teams that are contacted by patients to conduct an initial assessment. Only 60% of the interviewees stated that patient self-management plans were well used in their region.

	Q3. All participants agreed that there was a high level of inappropriate prescribing in the management of an acute exacerbation of COPD and all participants stated that this was not limited to antibiotics and steroids but existed across a range of treatment options.

	Q4. All participants agreed that it may be useful to have an objective diagnostic test to direct towards appropriate treatments by differentiating exacerbation etiology, however the test would need to be used as an adjunct to symptom monitoring and clinical assessment.

	Q5. All participants held the opinion that a reduction in steroid use would have long term benefits for patients and reduced antibiotic use would lead to wider population benefits.



We asked participants to rate their level of agreement to assess the utility of point-of-care testing in the COPD care pathway (Table 1).


TABLE 1 Participants’ level of agreement of the utility and need for implementing point-of-care testing for detection and guided treatment of acute exacerbation of COPD.
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3.2. Insights into stakeholder preferences

We used a standardized questionnaire to summarize stakeholder preferences as to perceived usefulness (Figure 1A). All participants appreciated the clinical utility of determining treatment options in the event of acute exacerbation. However, evidence would be required to determine the utility of the inflammatory biomarkers in the differentiation of COPD exacerbation etiology and that point-of-care testing for detection and guided treatment of acute exacerbation of COPD was cost-effective.
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FIGURE 1
Insights into stakeholder preferences. (A) We used a standardized questionnaire to assess stakeholder preferences of perceived usefulness of point-of-care testing where we asked participants to rate their level of agreement on a 7-point Likert-type scale and plotted their responses on a spider chart. (B) To assess an acceptable price point, participants were presented with value-based scenarios (left) and prompted to indicate the maximum price they would be willing to pay for point-of-care testing under the conditions in the scenario (right).


Participants were asked about their intention to promote the use of point-of-care using a Net Promoter Score. 73% of participants identified themselves as a potential promoter for using point-of-care testing citing the test results had the potential to translate into actionable treatments. The remaining 27% participants were neutral due to lack of studies to show technical performance, clinical validity and system and patient benefits. There were no detractors.

We asked participants to assess an acceptable price point when presented with value-based scenarios (Figure 1B). For scenario 1, all participants agreed that price point of £25 was acceptable. 80% of participants also selected the £25 price point for scenario 2, with the remainder of participants split between the £50 and £75 price point. For scenario 3, 50% of the participants would accept a higher price point with 30% of participants accepting £50% and 20% participants accepting £75. The remaining 50% of participants cited the maximum acceptable price as £25.



3.3. Insights into key decision factors

For each key decision factor an impact assessment was made based on participant ratings.


	Factor 1: Cost was identified as a major potential barrier with evidence required to show benefits in terms of optimized medical management, reduced long-term side effects and cost-effectiveness. All participants rated the cost of introducing point-of-care testing as having high and negative impact.

	Factor 2: 45% of participants said that changing the care pathway would have high impact, 55% said it would have medium impact. 91% of participants felt that changes would have positive impact. Further information would need to be provided regarding the specific patient cohorts suitable for point-of-care testing.

	Factor 3: All participants felt that the changes to patient outcomes would have high and positive impact and further evidence from clinical validation was needed to demonstrate improvement in patient outcomes.

	Factor 4: 82% of participants believed that the potential reductions in hospital admissions would have high impact, with all stakeholders indicating that this would have positive impact as it should translate into cost-savings and service efficiencies.

	Factor 5: 91% of participants commented that changes to prescribing would have high impact, with 100% of participants concurring that this would have positive impact. A proven reduction in overprescribing would impact acceptance of point-of-care testing especially if there was potential to prevent the patient from deteriorating by using point-of-care testing.

	Factor 6: An average of 84% for sensitivity and 85% for specificity was calculated as acceptable performance levels but robust evidence was required to demonstrate that point-of-care testing accurately differentiated between exacerbation types.



Specific participant quotes regarding key decision factors included:


	•Respiratory clinician: “Cost. It needs to be in the system where it is financially viable to have it implemented”

	•Pharmacist: “Patients with COPD have other comorbidities, there would need to be information and evidence regarding confounding factors”

	•Respiratory clinician: “Evidence for accuracy from a clinical validation is required to overcome concerns around false positives and false negatives”

	•Specialist respiratory nurse: “Need evidence for benefits to the system and reduced/appropriate use of medications”



Specific participant quotes regarding the acceptance in changing the care pathway to incorporate point-of-care testing included:


	•Pharmacist: “We already phenotype patients, so it would be accepted here”

	•Specialist respiratory nurse: “Treatment has been stagnated for a long time… we are not doing it correctly and there are different trajectories depending on the biological mechanism”

	•GP: “If it's proven to be cost-effective and makes a difference, we will use it”






4. Discussion

From our interviews we gained an understanding of the key decision factors regarding adoption and implementation of point-of-care testing for earlier detection and guided treatment of COPD acute exacerbation. The evidence we have generated can be be used in developing an implementation strategy. There was agreement that this point-of-care test for earlier detection and guided treatment of acute exacerbation of COPD could be used constructively. Overall, participants agreed that by earlier differentiation of acute exacerbation from stable COPD, patients could be started on the correct treatment (particularly by non-specialists) and use of targeted therapies could lead to a reduction in the use of steroids and inappropriate use of antibiotics.

Next steps for implementation of this point-of-care test includes defining the optimal point for use in the care pathway driven by the key decision-making factors noting that participants raised concerns regarding patients interpreting tests themselves without professional input. Key decision factors are cost and performance (test sensitivity and specificity above 85%). We have identified that to implement the test in clinical practice, more evidence would be required to demonstrate the accuracy of differentiating between exacerbation etiologies and provide evidence on the beneficial impact in terms of optimized management, improvements in patient outcomes, reduced long-term steroid-burden side effects, lower rates of hospitalizations, steroid and antibiotic use, overall cost reduction and cost-effectiveness. A key opportunity was identified in that there was support for funding a point-of-care test which offered accurate diagnosis at £25 per test, and up to £75 per test for incremental reductions in exacerbation rates and hospitalizations.

The output from mixed methods feasibility studies (24) and multi-dimensional processes (25) can be incorporated into Target Product Profiles to support the design of “fit for purpose” medical technologies (33). To our knowledge, this is the first study to embed a mixed methods feasibility study measuring participant's acceptance of point-of-care testing, into a randomized control trial to generate evidence to guide implementation planning in the COPD care pathway.

In this feasibility study, both qualitative and quantitative methods are used. Interview protocols for qualitative research can deliver a robust evidence base (34) and can be incorporated within a mixed methods approach (35). For analysis of Likert scale data, Norman supports the use of parametric tests (36) but conclusions are similar using parametric or non-parametric tests (37). Care needs to be taken not to misuse Likert scales (38) and the composite score can be calculated without using a statistical test (39). Such approaches are useful where the researcher is investigating the prevalence of behaviors and preferences of participants and wants to connect the data in a single unified result.

The authors recognize the wide range of tools and methodologies available for the early assessment of innovative medical devices including diagnostics. Horizon-scanning helps policy makers to understand the innovation landscape to guide policy development (40), and Multi Criteria Decision Analysis can support regulatory agencies in health technology assessment and priority setting (41). Early technology assessment and early economic evaluation helps innovators to align their products with the specific needs of the market and supports commercialization (42). There is a growing interest across health care and early health technology assessment is gaining in momentum (43). A systematic review identified −1,200 references for value assessment in health care innovation between 2007 and 2017 with 38 methodologies and frameworks identified (44).

Responsible Research and Innovation (RRI) emphasizes the importance of ensuring that publicly funded research and innovation is aligned with unmet needs, stakeholder views and iterative design towards commercialization. RRI recommends use of a development framework across value domains in the product development lifecycle (45). We propose that a mixed methods feasibility study adds value in an iterative product design process and supports the development of implementation strategies, alongside patient and public involvement. Frameworks including non-adoption, abandonment, scale-up, spread and sustainability (NASSS) considers challenges beyond the initial implementation phase (46) as demonstrated within the field of cardiovascular medicine (47). This mixed methods feasibility study tested an early-stage diagnostic product. We have successfully used this approach to generate evidence to guide implementation planning for a market ready test (48, 49). Future research should further explore this approach across different technology areas and expanded geographical coverage. Moreover, NASSS could provide a comprehensive framework for guiding future feasibility studies to support early evidence generation to drive adoption, implementation, scale and spread.
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Questions

Do you agree that there is an unmet need to change the care pathway
for managing patients who are experiencing an acute exacerbation? |
Do you agree that that quicker patient recovery to the pre-exacerbation
(baseline) state could be achieved by more appropriate and targeted
treatment?

Level of
agreement

omments

Participants strongly felt that patients and non-specialist colleagues required

more education on the management of an acute exacerbation of COPD.

Specialists in the field commented that there were increased risks of treatment
failure if patients were given the incorrect treatment.

Do you agree that by targeting an infectious exacerbation with
antibiotics only, this could climinate unnecessary side effects from
steroid use?

By removing the use of oral steroids in these types of exacerbations, it was felt
that the overall steroid burden on the patient would also be reduced, and this
could result in downstream saving to the system from reduced side effects of
long-term steroid use. However, participants emphasized that if an infection

also brought on an inflammatory response, then steroids would be necessary.

Do you agree that targeted treatment with steroids for inflammatory
exacerbations could eliminate unnecessary side effects?

Treatment with steroids only would be beneficial to the patient but increasing
antimicrobial resistance could negatively impact some cohorts of COPD
patients.

Do you agree that appropriate and targeted treatment could potentially
result in better patient compliance and adherence to medication?

Participants stated that several other factors may also influence better patient
compliance and adherence to medication, such as, improved health state and
patient engagement in education and improved understanding of their
condition.

Do you agree that the proposed test would be suitable for use by a
healthcare professional either in clinic or when visiting the patient at
home?

If appropriate training was given and the test was easy o use. Two participants
also proposed that there was scope to include other healthare professionals.

Do you agree that this type of point-of-care test could be used by a
patient as a self-test prior to using a rescue pack?

Most participants remarked that this approach would only be suitable for a
select cohort of patients that understood their condition, that patients followed
the correct test procedure and that patients did not attempt to interpret the
results themselves.

Do you agree that 10 min is an acceptable length of time to obtain the
results from the test when conducted in a GP practice?

Several participants were of the view that the pathway would need to be
optimized and that by investing more time with the patient initially in
conducting the test could avoid referrals and subsequent visits.

Do agree that connectivity to the electronic patient record would
facilitate the adoption of this point-of care test?

Do you agree that there are potential barriers in adoption for this point- |
of care test?

Participants believed with robust record keeping of the test results, the test
output could be used as a further education tool for patients and incorporated
into their management plans and could be a more efficient way of monitoring

patients’ disease and exacerbation events over time.

‘There would be significant barriers to adopting this test to differentiate COPD
exacerbation etiology.

Do you agree that changes in the care pathway would be accepted for |
implementation of this point-of-care test?

If the evidence supported guided therapeutic treatment prescribing based on
differentiating COPD exacerbation etiology directed by a point-of-care test and
was cost-effective.

Do you agree that this point-of-care test could help in improving the

Participants acknowledged that it would need to be proven, however, they could

patient ment by prescribing tailored and appropriate treatment?

foresee the potential benefits for patient

Overall Average of agreement

Reduction in unnecessary prescribing which was reflected in the overall level
agreement.
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