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i. Abstract  
 
Introduction: 
A well designed randomised controlled trial is the best-known process to assess if a healthcare 
intervention works. The number of clinical trials registered and open for recruitment is 
increasing every year, through the global cumulative effort of many researchers and the large 
numbers of participants who volunteer their time. However, trials can be methodologically 
poor, ultimately leading to research waste whilst leaving important clinical questions 
unanswered. This thesis aimed to explore a series of novel methods as solutions in respiratory 
medicine. 
 
Methods: 
A number of studies were embedded within the CLEAR bronchiectasis trial. Studies 
investigated remote data collection in lung function using patient-led technology, the use of 
remote patient reported outcomes within the new standardised EMBARC framework for 
exacerbations and novel Studies Within A Trial (SWAT) to increase patient recruitment and 
retention. A systematic review was also completed for the use of mucoactives in acute 
respiratory failure, which together with the other methods explored in the CLEAR trial, 
informed the conditional design of a new trial in respiratory medicine.  
 
Results: 
Remote spirometry was completed by patients at home with moderate adherence and was 
not significantly different to supervised spirometry performed at clinic visits for a number of 
lung function tests (FEV1, FVC, FEF25-75 and PEF). The EMBARC definition was found to be 
equivalent to the Fuchs criteria for classifying exacerbations and it was feasible to assess key 
symptoms using remote patient reported outcomes. In addition, the symptoms contained 
within EMBARC corresponded to those that deteriorated most at the start of exacerbations. 
For the SWAT, modifications to the invitation letters had no significant effect on recruitment 
and giving patients enrolled in the trial a thank you card had no effect on retention, albeit 
both SWAT had small sample sizes. The systematic review found limited evidence for 
mucoactives in critically ill patients and justified the design of a large robust clinical trial.   
 
Conclusion: 
A comprehensive programme of important methodological research can be undertaken 
within a large clinical trial with aims that are distinct from those of the main trial. Remote 
spirometry and using the EMBARC definition with patient reported outcomes can be 
implemented in further bronchiectasis trials to increase pragmatism and quality. Further 
research is needed to identify methods to increase recruitment and retention. A large, 
randomised trial for common mucoactives in the critically ill is needed. 
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1. Chapter 1: General Introduction 
 
1.1 Introduction 
 
The research presented within this thesis can be encompassed by the core theme of enhancing 
the methods used in clinical trials, a field known commonly as trial methodology. It explores 
outcome measures, novel technology, remote assessment, recruitment and retention, and uses 
a systematic review to guide the design of a future clinical trial. The majority of the research 
are substudies embedded within a large pragmatic trial in respiratory care for patients with 
bronchiectasis (Bradley et al., 2019). Although the host clinical trial investigates mucoactive 
treatments specifically for bronchiectasis, the methodology research presented has distinct 
aims and implications that extend beyond this one trial and aims to answer important 
uncertainties both for bronchiectasis and other clinical trials. Another area explored is 
conditional trial design related to the use of mucoactive agents in patients with acute 
respiratory failure. Mucoactives are widely used within this patient population (Borthwick et 

al., 2020) despite a lack of evidence and a systematic review could provide clarity and 
methodological benefit for a future trial. 
 
By nature, trial methodology is a multidisciplinary field and all medical research undertaken 
in humans implements some form of methodological design. In essence, better trial design 
leads to better research. 
 
Within this first chapter a general introduction provides an overview of clinical trials 
alongside their current challenges. The specific methods to be explored in the programme of 
research reported in this thesis are then introduced and the characteristics of the respiratory 
clinical trial in which the studies are embedded is outlined, setting the context and motivation 
for the research. More specific background information is at the beginning of each of the 
forthcoming chapters along with the aims, methods, results and discussions for each 
substudy. Finally, a general discussion chapter outlines the wider context and significance of 
the results with ideas for further research.  
 

1.2 The drug discovery process 
 
The process of finding, investigating and approving an intervention for clinical benefit is 
commonly referred to as the drug discovery pipeline and can be described as progressing a 
therapy from “Bench to Bedside”, that is through the research process and onto use by 
patients. It encompasses various distinct stages although at times these can be overlapping. 
These stages are illustrated in 
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Figure 1. 

 

 
Figure 1: Overview of the stages of the whole drug discovery process. 

 
1.2.1 Pre-clinical research 
 
Generally, the drug discovery process can be broken into stages split over two halves. The 
first half of the process involves research and development not involving human subjects and 
is known as pre-clinical research and development. During these stages targets for the therapy 
or drug are identified, then optimised with research conducted in both non-living (in vitro) 

and living (in vivo) systems. In vitro methods can include high throughput screening and mass 
spectrometry whilst in vivo research can include cells, organ systems or full animal models 
(Hughes et al., 2010). Targets for the intervention are usually first identified at this stage. 
Targets are the clinical population for which the intervention is intended and can be at the 
molecular level, such as targeting of a receptor, or at the individual level such as targeting the 
effect of a particular diet. Following target identification, the intervention is then optimised if 
at the molecular level, usually via computer modelling, to ensure it best matches the target 
for what it is intended. After optimisation the therapy is then explored in vivo that incudes 
cells, tissues and animals, to allow for exploration of pharmacodynamics, pharmacokinetics, 
dose tolerability and toxicity before any intervention enters human testing in clinical trials 
(Mohs and Greig 2017). 
 

1.2.2 Clinical research 
 
Once the intervention passes through pre-clinical research it can move into a phase 1 clinical 
trial. This trial is usually the first time a therapy will be explored in human subjects or the first 
time it is explored in a certain population. The stages of clinical trials are further explained in 
the next section. Upon completion of successful clinical trials, the intervention is subject to 
approval by regulators for use by patients in routine clinical care. It is important to note that 
if an intervention is already approved it can be directly explored in clinical trials for a different 
population negating the need for pre-clinical research. The whole process is estimated to take 

Target Optimise
Pre-

clinical
Phase 1 Phase 2 Phase 3 Phase 4

Pre-clinical research and
development

Clinical trials
Real world 

evidence and 
pharmacovigilance
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10-15 years at a cost of approximately $1 billion, with half of this spent on clinical trials 
(Woulters et al., 2020). 
 

1.3 Clinical Trials 
 
At its simplest, a clinical trial aims to test the efficacy and safety of an intervention in humans 
in the most rigorous, efficient and unbiased way possible. The trial seeks to derive what is 
true about an intervention or therapy. The hallmark of a randomised controlled trial (RCT) is 
that participants are selected, at random, to receive either the investigational intervention or 
a comparator that could be another approved intervention, standard care or a placebo 
(Akobeng 2005). This differentiates a clinical trial from an observational study which does not 
divide patients into two or more groups but simply follows a group of patients over time. For 
this reason, the RCT is regarded as nearly the highest level of evidence-based medicine for 
determining the effects of interventions, second only to a systematic review and meta-
analysis, (Burns et al., 2011) (Table 1). They therefore impact on global healthcare decisions, 
guide clinical practice and determine outcomes for patients. 
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Table 1: Levels of Evidence for Therapeutic Studies from the Centre for Evidence-Based Medicine (Burns et al., 
2011). 

Level Type of evidence 

1A Systematic review (with homogeneity) of RCTs 

1B Individual RCT (with narrow confidence intervals) 

1C All or none study 

2A Systematic review (with homogeneity) of cohort studies 

2B Individual Cohort study (including low quality RCT, e.g., <80% follow-up) 

2C “Outcomes” research; Ecological studies 

3A Systematic review (with homogeneity) of case-control studies 

3B Individual Case-control study 

4 Case series (and poor quality cohort and case-control study 

5 Expert opinion without explicit critical appraisal or based on physiology bench research or “first 

principles” 

 
1.3.1 History and defining features 
 
Among the earliest clinical trials was one conducted by James Lind in 1747 aboard the HMS 
Salisbury where he divided 12 men who were suffering with scurvy, into 6 groups and gave 
them each a different diet (Lind 1753). Those men who had oranges added to their diet soon 
recovered, showing the potential for clinical trials to answer important health questions. 
However, it took the following centuries for other features of a clinical trial to become 
established including randomisation, allocation concealment and the use of blinding and 
placebos along with relevant legislation to safeguard patients (Bhatt 2010). Randomisation is 
the process of distributing the characteristics of patients randomly between the groups 
whereas allocation concealment is when those involved in the trial do not know which group 
patients will be randomised to (Akobeng 2005). Both randomisation and allocation 
concealment are considered to be fundamental features of a trial. Blinding is when those 
involved do not know which treatment group a patient is in and placebo control groups allow 
interventions to be compared to something that in theory has no therapeutic effect, such as an 
inert tablet. Two large trials completed in the 1940s by the Medical Research Council (MRC) 
(Bhatt 2010) are often regarded as setting the methodological standard for clinical trials for 
subsequent decades whilst it has recently been argued that the minimum required for a 
sufficiently good quality, unbiased trial are randomisation, allocation concealment, blinding 
of outcome assessment and use of objective outcomes (Anand et al., 2020). 
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The end goal for clinical trials is to determine if interventions are effective, safe, convenient 
and affordable for patients. Should a single clinical trial not be able to provide a definitive 
answer on the topic and if other similar trials are available, data can be combined in a 
systematic review and meta-analysis. 
 

1.3.2  Phases of clinical trials 
 
Generally, there are three phases of clinical trials before approval of an intervention (Mahan 
2014; Figure 1). As an intervention progresses across each phase, the size, duration, 
complexity and cost of the trial increases. A phase 0 or phase 1 clinical trial is small and often 
involves non-randomised healthy participants to explore safety and determine doses for the 
phase 2 trial. A phase 2 trial explores safety and efficacy in the target population whilst 
validating important outcomes. The large phase 3 trial determines final efficacy, adverse 
events and cost effectiveness in comparison to standard care or a similar intervention. Phase 
4 is the ongoing monitoring, known as pharmacovigilance, of an intervention for adverse 
events once it has been approved. After approval and use of the intervention during routine 
clinical practice then allows for real world evidence (RWE) studies. These RWE studies 
explore if the intervention is performing as intended and can include prospective and 
retrospective analyses (Corrigan-Curay et al., 2018). These phases of clinical trials are 
summarised in Table 2. 
 
Table 2: The Characteristics of Clinical Trial Phases 0- IV, including number of subjects, dose, endpoints and timing 
(van Norman 2016) FDA= Food and Drug Administration, IND= Investigational New Drug . 
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As trials are designed depending on the intervention and clinical need there is flexibility for 
what can be done within each phase, such as combining phases or even subdividing phases. 
For example, a phase 2 trial can be subdivided into a phase 2a trial exploring proof of concept, 
and a phase 2b trial exploring optimal dose (Yuan et al., 2016). The strategy of combining of 
phases was recently used in some SARS-CoV-2 vaccine trials, such as those sponsored by 
Janssen and Sinovac, that integrated Phase 1 and Phase 2 trials into a single platform (Sadoff 
et al., 2021; Wu et al., 2021). 
 
1.3.3  Regulation 
 
There is no single global legislation governing clinical trials, but most countries have specific 
laws that are based on the principles of the Declaration of Helsinki together with Good 
Clinical Practice guidelines. In the UK these are currently legislated under the UK Medicines 
for Human Use (Clinical Trials) Regulations 2004 and upheld by the Medicines and 
Healthcare products Regulatory Agency (MHRA) (Legislation UK 2004).  
 

1.4 Challenges of clinical trials 
 
Although a well-designed clinical trial is the best way to answer a question for which there is 
clinical equipoise, there are several challenges to designing and completing a trial. 
Predominant issues can relate to the lack of participants, trial failure, the outcomes used to 
answer the clinical question and the financial cost. These issues are not mutually exclusive as 
discussed in the following sections. 

 
1.4.1 The number of participants 
 
Between April 2019 and March 2020, over 700000 participants were involved in clinical 
research across England (NIHR 2021a). Phase 3 effectiveness trials require a sample size 
calculation for them to be statistically valid in achieving their aims (Lachin 1981). The sample 
size determines the number of patients required to voluntarily enrol that will allow the trial 
to detect the desired differences in outcomes between the randomised groups. The mean and 
median recruitment target for phase 3 clinical trials in the UK is estimated to be 1231 and 545 
participants respectively (Walters et al., 2017). A phase 3 trial requires a large, coordinated and 
sustained effort throughout a trial to achieve and maintain this target. It is therefore of little 
surprise that approximately 50% of trials fail to meet their original sample size target (Sully at 

al., 2013). It is however alarming that there are only three methods that have been proven with 
high certainty to increase recruitment to clinical trials: telephone reminders, bespoke patient 
information leaflets and open unblinded study designs (Treweek et al., 2018a). Respiratory 
trials are not immune to problems of recruitment with approximately 25% failing to meet their 
recruitment target (Delsing et al., 2016). Another closely related problem, also with very 
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limited evidence for best practice, is the retention of participants so that they remain actively 
enrolled for the duration of the trial. Again, there are only three methods proven found to 
have a significant impact on increasing retention: offering monetary incentives, using 
recorded delivery of questionnaires, and having an open label trial design (Brueton et al., 
2013).  
 
With these limited methods, the lack of more evidence based solutions still represents a large 
problem that leads to direct difficulties for many trials, including prolonged study timelines 
and increased costs. In addition, recent modelling shows that the single largest factor that 
impacted on trial cost was the number of participants enrolled, and that the cost rises 
exponentially with the number of patients enrolled and clinic visits attended (Moore et al., 
2020). This highlights further that solutions are needed, as compensating for poor retention 
leads to more clinic visits overall. 
 
 

1.4.2 Completion and trial failure  
 
The failure of a clinical trial can be directly related to problems arising from poor 
methodology. Ultimately it can result in wasted money, time and negatively impact on public 
health if the clinical answer remains undetermined. Overall, it is estimated that only 13.8% of 
drugs that enter clinical trials are approved (Wong et al., 2019). The failure rate for phase 2 
trials is approximately 70% and for large phase 3 clinical trials is between 40%-50% (Stopke 
and Burns 2016; Sacks et al., 2014). Although a number of these reasons can be attributed 
directly to the mechanism of the intervention or poor pre-clinical research, a key reason for 
trial failure is a flawed study design and data collection, such as a poorly researched clinical 
outcome or insufficient sample size (Sacks et al., 2014; Fogel 2018). Poor recruitment has been 
discussed across a number of settings and shown to lead directly to extended timelines and 
failure (Campbell et al., 2007; Feller 2015).  
 
Trials that fail to meet their recruitment target are not only prolonged but also underpowered. 
Patients and investigators generally believe that their time and commitment of engaging with 
a clinical trial is advancing scientific knowledge whilst in reality there is a good chance that 
this effort will be lost. An analysis estimated that 48,027 patients participated in trials that 
ended in 2011 which were deemed “unable to answer the primary research question 
meaningfully” largely due to poor recruitment (Carlisle et al., 2015). This is a large amount of 
wasteful research. In addition, this analysis showed poor study design can be attributed to 
trials that fail due to poor efficacy even if previously the intervention showed efficacy. It is 
important to remember that when a large phase 3 trial fails or does not finish, it bears the 
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accumulated financial cost and loss of time of the prior research. Any methods that can 
enhance the methodology and overall probability of success should be explored.  
 

1.4.3 Answering the trial question 
 
As mentioned previously, trials that fail may leave the aims and objectives unanswered. 
However, even if a trial successfully enrols its target sample size and is within budget, the 
validity of the results is only as good as the standards on which the outcomes are measured. 
Outcome measures in a trial are used to determine the effects of the intervention and are 
commonly used to measure the baseline function of a patient when they enter the clinical trial 
and to determine progress and efficacy (Zarin et al., 2016). The primary outcome measure of 
a trial is the one with the most importance and closely links to the overall aim of the trial and 
hence is used in the sample size calculation. 
 
It is important that outcomes are adequately described and how they are measured is properly 
validated and standardised prior to use (Smith et al., 2015). As summarised elegantly by Boers 
(1998), “outcome measures should adequately meet the criteria of truth (i.e., validity; measure 
what they intend to measure), discrimination (i.e., reliability and sensitivity to change; 
discriminate between situations) and feasibility (i.e., be applied and interpreted easily) in 
order to be meaningful and relevant.” These standards were subsequently summarised in the 
COnsensus-based Standards for the selection of health Measurement Instruments (COSMIN) 
initiative (Mokkink et al., 2016; Prinsen et al., 2016). Not using valid outcomes or inconsistency 
in measurement can lead to inaccurate trial results, especially when the primary outcome is a 
composite outcome or questionnaire (Pocock and Stone 2016). Inconsistency of outcomes can 
also lead to spurious results within trials (Tyler et al., 2015). If outcomes are measured 
inconsistently across multiple trials then this becomes problematic when attempting a meta-
analysis. In addition, determining the primary outcome impacts the overall trial budget and 
might mean that the study is not feasible if outcome measurements are expensive. Gaps in 
trial outcomes and measurement need to be identified, with the eventual aim of developing 
and using relevant core outcome sets (Prinsen et al., 2016). 

 
1.4.4 Financial cost 
 
There are many factors that determine the cost of a clinical trial but two key factors are the 
disease area being investigated and the methods used. An analysis published in 2014 found 
the mean cost of phase 1, 2 and 3 clinical trials to be $4 million, $13 million, and $20 million 
respectively, with trials in respiratory diseases ranked as the 4th most expensive overall 
behind pain, infectious disease and ophthalmology (Sertkaya et al., 2016). In addition, pivotal 
clinical trials in the US were found to cost a median of $41,000 per patient enrolled and $3600 
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per trial related visit (Moore et al., 2018). In the UK, the cost per patient per year in phase 3 
trials can be in excess of £4000 (Raftery et al., 2015) whilst it is estimated that 20% of trials fail 
because of a lack of funding due to overspending (Hwang et al., 2016). 

 
The estimated cost of a trial is a major factor in determining whether it will get funded and 
forms a decisive criterion for research funders. The main public funder for clinical research in 
the UK, the National Institute for Health Research (NIHR), considers value for money as one 
of three general assessment criteria when deciding to award projects. This creates a financial 
barrier for trials and if costs cannot be shown to be reasonable then they are likely to remain 
unfunded. In contrast however, an analysis of NIHR Health Technology Assessment (HTA) 
funded trials found they exceeded their budgets in almost all instances (Raftery et al., 2015). If 
costs can be minimised through the use of appropriate methods in the trial design, this should 
increase the chances of the trial being funded and completed and decrease the chance of 
overspending once it starts.  
 
A significant amount of a trial budget is dedicated to resources required at sites that include 
clinical procedure costs and staff costs for trial related activities (Rathore 2019). Clinical 
procedures relate to measuring the outcomes in the trial, such as a scan, blood analysis or 
questionnaire. Staff cost is remuneration for their time in performing the activities including 
those related to a procedure. Clinical procedures together with staff remuneration are 
amongst the top costs for clinical trials, accounting for approximately 20% and 30% of total 
budgets respectively (Sertkaya et al., 2016). Again, if costs in these areas can be reduced, whilst 
maintaining trial integrity, funding is more likely to be  awarded and the study remaining 
within budget. The ideal example is using a less costly clinical procedure that also requires 
less staff time providing a cost saving that could then be applied to improve other areas of the 
trial. Despite the current COVID-19 pandemic, the current clinical research market is still 
estimated to be $47 billion and by 2028 it is estimated to grow to $69.5 billion, with one of the 
driving factors being demand for advanced technologies (Grand View Research 2021). 
However, it is likely that advances in telemedicine and increased digitalisation will eventually 
decrease trial costs (May 2019). 
 

1.5 Pragmatic and novel methodological solutions 
 
The number of clinical trials is rising yearly with approximately 32,000 new trials registered 
in 2019 and 37,000 in 2020 (ClinicalTrials.gov; Figure 2). In the UK, as of early 2021, over 6400 
studies are registered across the NIHR Clinical Research Network portfolio (NIHR 2021b). 
This large investment from multiple stakeholders to find the best treatments for patients 
makes it imperative that these trials use the best possible research methodology so that time, 
energy and money is not wasted (Chalmers and Glasziou 2009; Clarke et al., 2014). Simply put, 
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inadequate trial methods can exacerbate the challenges described previously and lead to poor 
study outcomes. If the study design can be optimised using the best evidence and rationale 
available, it is likely that the overall quality will increase. The quality and integrity of trials 
since the landmark MRC trials pioneered by Sir Austin Bradford Hill in the 1940s has 
improved (Brunoni et al., 2010), and it is crucial to continue to develop and validate new 
methods and technologies both for specific health conditions and generally.  
 

 

Figure 2: Number of registered studies over time (As of 17th March 2021, ClinicalTrials.gov) ICMJE: Indicates when 
the International Committee of Medical Journal Editors (ICMJE) began requiring trial registration as a condition of 
publication (September 2005). FDAAA: Indicates when the registration requirements of Food and Drug 
Administration Amendments Act began and were implemented on ClinicalTrials.gov. 

 
In contrast to a traditional trial that usually uses one or more conventional methods such as 
blinding, clinician assessment of outcomes, in-patient visits and two arm parallel designs, 
pragmatic trials are usually the late phases of clinical research and seek to determine the 
effects of the intervention under "real world conditions" (Ford and Norrie 2016). It is however 
important to note that the boundary between a classical RCT exploring efficacy and a 
pragmatic trial exploring effectiveness lies on a continuum. A number of solutions using one 
or more innovative methods can be implemented to design a pragmatic trial with the aim to 
deliver a more efficient trial (Goldberg et al., 2017). In line with the rise of pragmatic trial 
designs (Dal-Ré et al., 2018), the NIHR encourages applicants to use novel and efficient study 
designs (Sessler and Myles 2020). 
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Although there are multiple challenges and potential solutions for improving clinical trials 
(Pretorius 2016), this thesis focuses on respiratory disease related Patient Reported Outcomes 
(PROs), remote digital assessment, participant recruitment, participant retention and a 
systematic review, as methods to improve the conduct of clinical trials. 
 

1.5.1 Patient Reported Outcome Measures (PROs) 
 
The primary outcome of a trial needs to be meaningful and should ideally measure how a 
patient feels and functions (McLeod et al., 2015). Patient Reported Outcomes (PROs) are those 
that are reported directly by the patient, such as self-reported symptoms which are often 
guided and collected by questionnaires. An example would be a patient self-reporting an 
increased cough along with decreased appetite. PROs are therefore different to those 
outcomes that are collected and reported by clinicians and which involve interpretation of 
clinical signs or events such as the administration and interpretation of a chest x-ray. PROs 
seek to incorporate a patient’s view of their symptoms and condition and patients usually 
welcome this aspect of being more involved in their healthcare. In many cases PROs can be 
the only methods of assessment available if no physiological or clinical measure can be 
obtained.  
 
In recent years the use of PROs within clinical trials has increased, with data from 
ClinicalTrials.gov showing an increase from 14% in 2007 to 27% in 2013 for trials using PROs 
as primary or secondary outcomes (Vodicka et al., 2015). This increase corresponds to greater 
acceptance and recognition of PROs as outcomes by a number of professional societies and 
regulatory bodies (Mercieca-Bebber et al., 2018). Although PROs were initially developed for 
use in the research setting, they have also recently shown increased prevalence in routine care 
(Calvert et al., 2019). 
 
In respiratory trials, measuring outcomes can be complex because in chronic conditions such 
as asthma, COPD and bronchiectasis, patients can experience a multitude of symptoms 
relating to an exacerbation of their condition. It is therefore important that PROs are both 
validated and standardised when used in a trial, as previously there has been variation in 
patient and clinician assessment of outcomes (Breeman et al., 2020) with inadequate reporting 
and analysis leading to research waste (Rivera et al., 2019). However, once PROs are 
thoroughly evaluated for a specific measure, they can improve the methodology of a trial in 
multiple ways (Au et al., 2010). They can improve patient access to a clinical trial in terms of 
recruitment and retention as there is potential for PROs to be collected remotely without the 
need for an in-person clinic visit. As mentioned previously, outcomes that require a clinical 
procedure can be expensive and it is estimated that they are double the cost of non-clinical 
outcomes such as questionnaires (Moore et al., 2018). If PROs can be electronically collected 



Page 30 of 340 
 

from patients at home, via a mobile phone or tablet computer, this can also save on the cost of 
trial staff and ensure data checks are completed thoroughly using algorithms reducing the 
likelihood of missing data (Mercieca-Bebber et al., 2018). There is also the potential to increase 
response rates from patients whilst avoiding observer bias that commonly occurs in clinician 
assessed outcomes (Black 2013). In addition, the use of robust PROs can impact on multiple 
stakeholders across several sectors from short term research investment to long term policy 
changes (Rivera et al., 2020).  

 
1.5.2 Remote assessment and technology 
 
Remote assessment (or telemedicine) is the ability to assess, monitor, detect or manage a 
clinical condition usually without the need to physically visit a healthcare professional. The 
rise of remote assessment has been largely driven by the increase in development and 
availability of novel technologies and is increasingly being used within clinical trials for what 
could be a fully virtual visit (Inan et al., 2020). It is estimated that approximately 50% of trial 
activities will be completed digitally by 2023 (Florence 2020), showing the expected growth in 
the area. In addition to the use of new technologies a number of remote assessments can be 
completed using PROs and so further increasing patient access to trials as previous barriers, 
such as the travel to sites, are eliminated (Faulkner 2020). As highlighted previously, the 
second most determining factor in the cost of a clinical trial is the number of trial visits 
scheduled, while for phase 3 pragmatic trials it is estimated that for every additional visit adds 
a median of $2 million to a trial budget (Moore et al., 2018). For respiratory conditions, phase 
3 trials are the fourth most expensive clinical area to research based on an estimated median 
cost of $53,590 per patient (Moore et al., 2020). Any form of remote assessment that can be 
done solely by the patient can potentially save on in person visits and also setup costs of 
traditional bricks and mortar study sites (Araujo 2019). 
 
Patients with chronic diseases, including those with respiratory conditions, are likely to 
benefit the most from remote assessment advances. Along with the increasing prevalence of 
chronic disease globally, those with such conditions are at higher risk of a premature death 
and reduced quality of life (Golics et al., 2013). In addition, chronic respiratory conditions are 
the leading cause of morbidity worldwide (Xie et al., 2020). Once validated and implemented 
from clinical trials into clinical care, remote monitoring has been shown to improve patient 
outcomes including reduced hospital admissions (Walker et al., 2019). Remote technologies 
for use in chronic respiratory conditions has largely involved home lung function assessment, 
as traditionally this has had to be performed in clinic under professional supervision. With 
new portable technology, spirometry now has the potential to be completed solely by the 
patient outside of a clinic visit and has recently been promoted by NHSX for cystic fibrosis 
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patients (NHSX 2021). This potential should therefore be explored in similar respiratory 
conditions such as bronchiectasis. 
 
The role of remote assessment has been accelerated by the COVID-19 pandemic (Quer et al., 
2021) and has been recommended for use in both clinical trials and routine care (Hartman et 

al., 2020). It is therefore important to provide the empirical evidence that remote assessment 
is feasible and valid for different clinical populations. 
 

1.5.3 Recruitment and retention SWAT 
 
Meeting recruitment and retention targets is a major problem with most trials not recruiting 
as planned, arguably making this the single biggest issue once a trial has opened for 
enrolment. With too few patients, there is too little data, and therefore no answers to the 
clinical questions that were being explored. A recently published review found that poor 
recruitment was a key factor in producing low value trials and wasting resources, with holistic 
solutions suggested to increase enrolment (Bentley et al., 2019). As highlighted previously, 
there are very few proven methodological solutions to solving the recruitment and retention 
problem even though it is crucial to trial success, so any novel strategies to identify effective 
solutions are welcomed. 
 
One novel strategy is to embed a Study Within A Trial (SWAT). A SWAT is a methodological 
study that is nested within a host clinical trial. It seeks to answer a distinct question without 
affecting the integrity or aims of the host trial, with a key feature being that it should require 
minimal resources to implement whilst seeking to resolve important uncertainties in trial 
design and conduct (Treweek et al., 2018b). A set of SWAT protocols are openly available to 
trialists to encourage them to explore uncertainties in recruitment and retention (Queen’s 
University Belfast, 2020). As there are currently no strategies proven to increase recruitment 
and retention specifically in trials of chronic respiratory disease, embedded SWAT in such 
studies could provide much needed answers on how best to address this major problem. 

 
1.5.4 Systematic reviews and trial design 
 
The systematic review, with or without a meta-analysis, is a comprehensive search and 
synthesis of the literature to usually answer a specific clinical or methodological question, and 
when conducted from a well-designed protocol, it is the best way to find and statistically 
synthesise evidence on a topic (Clarke 2007). Systematic reviews identify knowledge gaps 
where data is missing or else insufficient. They are therefore regarded as the highest level of 
evidence on a topic, above that of a single RCT (Table 1). 
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Along with the results of different trials, a review usually details various aspects of the 
methods used in the trials, such as the trial design, outcome measures, sample size and 
recruitment. Data on the results and methods of eligible trials are extracted, and if appropriate, 
combined for meta-analysis. It is therefore logical that the results of systematic reviews should 
be used to guide design of future trials in the area. If there are limited or no trials in a particular 
area, then the evidence gaps could be explored in future trials using the best methods derived 
from a systematic review. This is what is known as ‘conditional trial design,’ where the design 
of a new study is conditional on the results of previous evidence (Salanti et al., 2018). However, 
despite this strength of a systematic review, an analysis of trials in the UK showed that only 
half of funded trials used a systematic review to aid their design, with only 20% using the 
review to inform the trial outcomes (Jones et al., 2013). This has also been found for trials 
published in high impact medical journals where systematic reviews appear to be neglected 
when designing trials and also when discussing trial results in the context of existing evidence 
(Clarke et al., 2002; Clarke et al., 2010). In contrast, a recent survey of trial methodologists 
found 66% were willing to use some form of evidence synthesis to guide a future trial design 
(Nikolakopoulou et al., 2019), showing that there is increased demand for such conditional 
designs. This low prevalence of conditional trial design is likely due to most funders not 
requiring a systematic review to show that a new trial is needed (Nassar et al., 2017). Ideally a 
recent systematic review should be consulted or conducted before a trial to find any similar 
trials already completed in the area. This not only leads to better design of the new trial but 
also provides justification for it and so reduces research waste for multiple stakeholders, 
including the participants. 
 
 

1.6  The CLEAR clinical trial 
 
Although the methodological solutions mentioned previously have the ability to alleviate the 
challenges of clinical trials generally, it is important to explore them thoroughly within trials 
for specific diseases to find if they are feasible and have a significant positive impact on 
different clinical populations. One area where there is a need for such evidence is within the 
chronic respiratory disease bronchiectasis. Therefore, the programme of research presented 
in this thesis specifically explored novel pragmatic methods within a clinical trial for this 
disease. The CLEAR trial is a 2×2 factorial randomised open label trial to determine the clinical 
and cost-effectiveness of hypertonic saline (HTS 6%) and carbocisteine for airway clearance 
versus usual care over 52 weeks in patients with bronchiectasis (Bradley et al., 2019). CLEAR 
provided the model clinical trial platform in which to explore a number of novel methods 
related to bronchiectasis clinical research including PROs, remote digital assessment, 
recruitment and retention. The CLEAR trial was essentially a host to a number of 
methodology substudies for this thesis that had distinct aims to the objective of CLEAR. The 
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protocol for the CLEAR trial along with the published substudy methodology protocols are 
in the Appendix.  
 
The main CLEAR trial was preceded by an 8-month internal pilot study across 10 sites with a 
target recruitment of 60 patients. The purpose was to confirm various aspects of the trial 
recruitment rates, protocol compliance and data collection methods. The analysis within the 
subsequent chapters is largely based on pilot data. Enrolment began on 27th June 2018 and as 
of 22nd February 2021, 151 patients were recruited, with a substantial pause in March 2020 due 
to the COVID-19 pandemic. 

 
1.6.1 Rationale for the CLEAR trial and associated substudies 
 
Bronchiectasis is a chronic respiratory disease that is characterised by the permanent dilation 
of the bronchial walls, usually accompanied by mucus hypersecretion with reduced 
mucociliary clearance (Rademacher & Welte, 2011). Despite historically being classed as an 
orphan disease, current estimates suggest that around 5 per 1000 people in the UK suffer from 
bronchiectasis, with a prevalence increase of approximately 40% from 2004 to 2013 (Quint et 

al., 2016). Patients usually experience lower quality of life with poorer health outcomes and 
usually experience exacerbations of their symptoms that can result in mortality as high as 30% 
in the following year (Finklea et al., 2010). The economic burden of bronchiectasis is also 
significant with hospitalisations due to exacerbations requiring a large proportion of 
resources for management (Goeminne et al., 2019). Unfortunately, there are no treatments 
licenced for bronchiectasis despite the recent increase in the number of clinical trials 
(Chalmers and Chotirmall 2018). The evidence for the effectiveness of the two mucoactive 
interventions, hypertonic saline (HTS) and carbocisteine, is currently insufficient to 
recommend them for the management of bronchiectasis (Welsh et al., 2015), so the CLEAR 
trial seeks to obtain a definitive answer on the effects of these interventions. 
 
A large number of phase 3 trials in bronchiectasis have failed to show clinical or statistical 
significance (Metersky and Chalmers 2019). Some of these trials failed due to problems in 
measuring exacerbations as the primary outcome, and as stated by Metersky and Chalmers, 
“we could be studying the right drugs in the right patients but using the wrong outcomes.” 
In addition for bronchiectasis trials, lung function has been traditionally been performed in 
clinic under supervision and trials are no exception to the participant recruitment problem. It 
is therefore important to explore how trial methods could be improved. Relevant methods 
include exploration of the standardised measurement of exacerbations as a primary outcome 
in trials, using remote unsupervised spirometry and enhancing participant engagement 
towards the trial. The following chapters further explores and details these areas of research. 
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1.7 Thesis rationale and research question 
 
This thesis explores trial methodology to determine if novel pragmatic solutions are feasible 
and can improve research methods in respiratory disease. 
 

1.8 Thesis structure and chapter outline 
 
This research is divided into seven chapters with five research studies described in Chapters 
2 to 6, with specific background, methods and results contained in each. 
 
Chapter 1: General Introduction 
This first chapter has presented an overview of clinical trials, their limitations and novel 
methods that can be used to overcome them. The CLEAR trial is outlined as the host trial for 
testing various substudies. 
 
Chapter 2: Patient Reported Outcomes: Using the EMBARC criteria for exacerbations 
This chapter presents the exacerbation substudy within the CLEAR trial. It explains the 
ambiguity around classifying exacerbations and explores measurement using Patient 
Reported Outcomes as a primary outcome measure.  
 
Chapter 3: Unsupervised home spirometry using patient led technology 
This chapter presents the spirometry substudy within the CLEAR trial and how digital 
technology can aid remote lung function assessments during a clinical trial, without the need 
for a clinician.  
 
Chapter 4: Invitation letters and patient recruitment (SWAT) 
This chapter explores clinical trial recruitment using a novel SWAT aimed at increasing 
patient recruitment to the CLEAR trial, involving the design of the recruitment materials 
provided to potential participants. 
 
Chapter 5: Thank you cards and patient retention (SWAT) 
This chapter explores clinical trial retention using a novel SWAT aimed at decreasing the 
withdrawal of patients enrolled within the CLEAR trial, which was explored by giving 
enrolled patients a non-monetary incentive. 
 
Chapter 6: A systematic review exploring mucoactive agents for acute respiratory failure 
This chapter presents a systematic review as an aid to the design of a future trial exploring the 
use of mucoactives within respiratory critical care.  
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Chapter 7: Discussion 
Finally, the findings and conclusions from this thesis are contextualised and how the research 
contributes to the field of trial methodology is evaluated, with  implications for future research 
outlined. 
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2 Chapter 2: Patient Reported Outcomes: Using the EMBARC criteria 
for exacerbations 

 
2.1 Introduction 
 
In an era of increasing pragmatic trial design and remote clinic visits, there is a drive to 
validate the use and promote the uptake of patient reported outcomes (PROs) (described in 
Chapter 1, section 1.5.1). In addition, standardising outcomes allows for direct comparisons 
of trials and allows for a more efficient and more accurate analysis. If a standardised set of 
outcomes can be completely patient reported, without the need for a clinic visit, then this has 
potential cost savings in being able to capture outcomes without the need for an in person 
visit, whilst increasing patient access to trials. This chapter will explore the EMBARC 
(European Multicentre Bronchiectasis Audit and Research Collaboration) criteria using 
patient reported outcome measures for bronchiectasis exacerbations within the CLEAR 
clinical trial (section 1.6). 
 
 
2.1.1 Bronchiectasis and related exacerbations 
 
Bronchiectasis is a chronic respiratory disease that is characterised by the permanent dilation 
of the bronchial walls, usually accompanied by mucus hypersecretion with reduced 
mucociliary clearance. The resulting uncleared secretions can accumulate, providing a 
favourable environment for microbial infections within the airways (Rademacher & Welte, 
2011). With infection, a sustained and increased inflammatory response leads to further 
destruction of the airway wall and muscle, dilation of the airways and an accumulation of 
sputum. This destructive cycle can continue in patients with bronchiectasis, resulting in the 
worsening of their condition. In addition, infections can cause the majority bronchiectasis 
related pulmonary exacerbations, as can some non-microbial factors such as pollution and 
viruses (Redondo et al., 2016). These exacerbations represent a major decline of a person’s 
normal day to day variation in pulmonary health and functioning. To the patient these 
exacerbations can be debilitating especially if they result in hospitalisation. Such 
exacerbations usually require the administration of antibiotics for a successful resolution. 
Patients with more symptoms tend to have more exacerbations and generally a more severe 
form of disease (Gao et al., 2020). 
 
Internationally, there is significant ambiguity surrounding the definition of pulmonary 
exacerbations in bronchiectasis. The definition varies between organisations and clinicians 
with regards to what signs, symptoms and measurements contribute towards a diagnosis of 
an exacerbation. Signs are those patient phenomena that can be observed by a healthcare 
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practitioner and are usually objective and indicative of a problem such as haemoptysis. 
Symptoms are patient-reported phenomena that are reported but not necessarily observed by 
anyone other than the patient and are usually subjective such as fatigue. Some clinical 
phenomena can be both a sign and a symptom, for example, a fever that is experienced by the 
patient and also observed by their clinician. Common signs and symptoms that are used to 
define exacerbations include increased cough, sputum, dyspnoea, fatigue, wheezing, 
haemoptysis and a decline of lung function, particularly FEV1 (Forced Expiratory Volume in 
1 second) and FVC (Forced Vital Capacity). The British Thoracic Society (BTS) guidelines 
define a bronchiectasis exacerbation as the deterioration of at least three of the following 
respiratory symptoms: cough, increased sputum production, volume, purulence or change in 
viscosity with or without increasing wheeze, increased dyspnoea, haemoptysis, and chest 
pain for a period greater than 24 hours with or without systemic symptoms, such as fever and 
alterations in a chest radiograph (Hill et al., 2019). In contrast, the American Thoracic Society 
(ATS) describes common exacerbation indicators as increased sputum (volume, viscosity, or 
purulence), increased in cough, wheezing, a shortness of breath, haemoptysis and a decline 
in lung function (McShane et al., 2013). In another contrast, the Spanish Society of Pneumology 
and Thoracic Surgery (SEPAR) defines a bronchiectasis exacerbation as an increase of volume 
and purulence in sputum or a change in sputum (consistency, viscosity or haemoptysis) 
and/or increasing dyspnoea with or without systemic symptoms such as fever, cough, 
asthenia, anorexia, weight loss and pleural pain (Martínez-García et al., 2018). Although these 
descriptions have some similarities, the variability in how the signs and symptoms are used 
have led others to define exacerbations purely in terms of the decision to treat with antibiotics 
(Amati et al., 2019).  
 
Within clinical trials, bronchiectasis exacerbations have been strongly modelled on Fuch’s 
criteria, which originated in cystic fibrosis (Fuch’s et al., 1994). Fuch’s defined an exacerbation 
as the requirement for antibiotics following deteriorations in 4 out of 12 signs or symptoms: 
change in sputum; new or increased hemoptysis; increased cough; increased dyspnea; 
malaise, fatigue, or lethargy; temperature above 38 °C; anorexia or weight loss; sinus pain or 
tenderness; change in sinus discharge; change in physical examination of the chest; decrease 
in pulmonary function by 10 percent or more from a previously recorded value; or 
radiographic changes indicative of pulmonary infection. Modifications of the Fuch’s criteria 
are the most commonly used definition for bronchiectasis exacerbations as historically 
bronchiectasis has been regarded as a disease similar in characteristics to cystic fibrosis. Many 
modifications have been used in subsequent prospective and retrospective bronchiectasis 
studies to measure exacerbations depending on what signs/symptoms the investigators think 
should constitute an exacerbation in the context of their research (Tsang et al., 2005; Tsang et 

al., 1998; Mao et al., 2016; Finklea et al., 2010). A key example is the landmark trial exploring 
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the efficacy of DNase in bronchiectasis (O'Donnell et al., 1998) where investigators modified 
the Fuch’s criteria for use in non-cystic fibrosis bronchiectasis by selecting 9 parameters to 
measure (Table 3). 
 

Table 3: O’Donnell version of the Fuch’s criteria, first used in a 1998 clinical trial report investigating 
DNase I for idiopathic bronchiectasis. 

Criteria for the modified Fuch’s (O’Donnell version) 

A protocol-defined exacerbation was prospectively defined as abnormalities in 4 of 9 criteria:  

Symptoms, signs or findings 

1. Change in sputum production (consistency, colour, volume, or 
haemoptysis) 

2. Increased dyspnoea (chest congestion or shortness of breath) 
3. Increased cough 
4. Fever (38°c) 
5. Increased wheezing 
6. Decreased exercise tolerance, malaise, fatigue, or lethargy 
7. FEV1 or FVC decreased 10% from a previously recorded value 
8. Radiographic changes indicative of a new pulmonary process 
9. Changes in chest sounds  

 

 
 
 
Another method to define exacerbations within bronchiectasis trials is the Anthonisen criteria, 
originally developed for use within chronic obstructive pulmonary disease (COPD) research 
(Wedzicha et al., 2003; Anthonisen, et al., 1987). This definition includes only three symptoms: 
increased dyspnoea, sputum volume and sputum purulence to classify an exacerbation. These 
parameters are also included within the Fuch’s and O’Donnell definitions.  
 
Recently a consensus definition has been proposed and published for measuring pulmonary 
exacerbations specific for bronchiectasis (Table 4). In 2016, bronchiectasis experts from across 
the world met at the first World Bronchiectasis Conference in Germany (Hill et al., 2017) with 
an aim of developing a consensus definition for an exacerbation that could be used as a 
standard in future clinical trials. A Delphi process and roundtable meetings were used to 
formulate a definition known as the EMBARC (European Multicentre Bronchiectasis Audit 
and Research Collaboration) definition. This definition was explored and compared for the 
first time against a conventional modified Fuch’s criteria to measure for pulmonary 
exacerbations in the CLEAR trial (Bradley et al., 2019). 
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Table 4: Summary of the consensus EMBARC definition for bronchiectasis exacerbations. The definition is 
composed of three parts. 

Criteria for the EMBARC definition 
The EMBARC definition consists of three parts which must all be satisfied for a fully qualifying exacerbation. 

If part 3 is met with either part 1 or part 2 it is defined as a partially qualifying exacerbation (PQE). 
 

Part 1- Symptoms Patient must present with deterioration in 3 or more of the 6 following symptoms: 
1. Cough 
2. Sputum volume and/or Consistency 
3. Sputum purulence 
4. Breathlessness and/or Exercise tolerance 
5. Fatigue and/or Malaise 
6. Haemoptysis 

 
Part 2- Time Symptoms must be present for at least 48 hours. 

Part 3- Treatment A change in bronchiectasis treatment not limited to antibiotics. 

For separate exacerbations there must be an unequivocal resolution of symptoms from the first event and 
>14 days to the commencement of a subsequent event. If this criterion is not met then the exacerbation is 
counted as a single continuous event. 
 

 
The various combinations of signs and symptoms used to measure exacerbations can lead to 
differences in the number and duration of exacerbations reported across trials. The lack of 
consensus for defining and recording exacerbations in bronchiectasis clinical research, makes 
it difficult to compare, contrast and combine the findings for exacerbations across different 
studies, limiting the use of meta-analyses to resolve important uncertainties about treatment 
efficacies. In addition, the past measures of exacerbations take into account signs that need 
clinician assessment rather than being able to be solely patient reported, leading to patients 
usually having to attend a clinic. 

 
2.1.2 Exacerbation criteria in past trials 
 
A scoping search using keywords was conducted on PubMed and CinicalTrials.gov upto June 
2020 to find relevant completed and ongoing bronchiectasis trials along with the criteria they 
used for measuring exacerbations. These studies are summarised in Table 5. There is large 
variation on how exacerbations are collected and measured. 12 out of 21 completed trials used 
a modified version of the Fuch’s criteria, whilst the remainder used various other definitions 
including the Anthonisen criteria. 10 of the 21 trials included clinical procedures, such as 
radiographic changes, that could not be patient reported. One recent trial completed in 2020 
used the EMBARC criteria (Chalmers et al., 2020). 2 of the 8 ongoing trials have specified that 
they are also using the EMBARC criteria whilst the remainder have not specified exacerbation 
criteria. Overall, this shows adoption of the EMBARC criteria since its inception, however 
validation is lacking. 
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Table 5: Exacerbation criteria used in past bronchiectasis clinical trials (alphabetical order). 

Trial Name Signs/Symptoms/Measures of Exacerbation (reported as per 
publication) 

Exacerbation 
Criteria 

Completed Trials 

AIR-BX1 and AIR-BX2 
(Barker et al., 2014) 

Required: acute worsening of respiratory disease meeting at least 
three major (or two major and at least two minor) criteria. Major 
criteria were increased sputum production, change in sputum colour, 
dyspnoea, and cough. Minor criteria were fever (>38°C) at clinic visit, 
increased malaise or fatigue, FEV1 (L) or forced vital capacity decreased 
by more than 10% from baseline, and new or increased haemoptysis. 

Modified 
Fuch’s and 

Bilton 

B301 
(Bilton et al., 2013) 

Used a non-validated study-designed protocol definition based on the 
Fuch’s definition 

Modified 
Fuch’s 

BAT 
(Altenburg et al., 2013) 

 

at least 4 of the following 9 symptoms, signs, or findings were present: 
(1) change in sputum production (consistency, color, volume, or 
hemoptysis); (2) increased dyspnea (chest congestion or shortness of 
breath); (3) increased cough; (4) fever (>38°C); (5) increased wheezing; 
(6) decreased exercise tolerance, malaise, fatigue, or lethargy; (7) 
forced expiratory volume in the first second of expiration (FEV1) or 
forced vital capacity (FVC) decreased by at least 10% from a previously 
recorded value; (8) radiographic changes indicative of a new 
pulmonary infectious process; or (9) changes in chest sounds. 

Modified 
Fuch’s 

BLESS 
(Serisier et al., 2013) 

Using a modification of the Anthonisen criteria: 
A subject was considered to have a pulmonary exacerbation 
when they had persistent (> 24 hour) increase in sputum volume or 
purulence in addition to deterioration in at 
least 2 other, different of the following symptoms: sputum volume, 
sputum purulence, cough, dyspnoea, chest 
pain, new haemoptysis (to meet criteria required 3 separate symptoms 
overall). 

Modified 
Anthonisen 

Bronchodilator 
(Guan et al., 2016) 

Bronchiectasis exacerbations were defined as having 3 of the following 
items that persisted for at least 24 h: significantly increased sputum 
purulence/volume; dyspnea; considerably increased cough frequency; 
T >37.5 °C; hemoptysis; exercise intolerance or fatigue; increased 
crackles; increased pulmonary infiltrations. 

Modified 
Fuch’s 

Budesonide-formoterol 
(Martínez-García et al., 

2012) 
 

Since a consensus over definition of patients with bronchiectasis 
exacerbations has not been established, we have used the defi nition 
by Tsang et al 11 as subjective and persistent (24h) deterioration in at 
least three respiratory symptoms, including cough, dyspnea, 
hemoptysis, increased sputum purulence or volume, chest pain (with 
or without fever), radiographic deterioration, systemic disturbances, or 
changes in chest auscultation. 

Modified 
Fuch’s 

Ciprofloxacin 
(Wilson et al., 2013) 

Exacerbations were defined using the parameters set by the American 
Thoracic Society/European Respiratory Society taskforce. 

Cannot be 
determined 

Colistin 
(Haworth et al., 2014) 

Exacerbations were defined as the presence of three or more of the 
following signs or symptoms for at least 24 hours: increased cough, 
increased sputum volume, increased sputum purulence, hemoptysis, 
increased dyspnea, increased wheezing, fever (≥38°C) or malaise, and 
the treating physician agreed that antibiotic therapy was required. 

Modified 
Fuch’s 

CXCR2/AZD5069 
(De Soyza et al., 2015) 

Exacerbations, as defined by the criteria defined by Anthonisen et al Anthonisen 

DNase I 
(Anne et al., 1998) 

A protocol-defined exacerbation was prospectively defined as 
abnormalities in 4 of 9 criteria: Change in sputum production 
(consistency, colour, volume, or haemoptysis), increased dyspnoea 
(chest congestion or shortness of breath), increased cough, fever 

Modified 
Fuch’s 
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(38°c), increased wheezing, decreased exercise tolerance, malaise, 
fatigue, or lethargy, FEV1 or FVC decreased 10% from a previously 
recorded value, radiographic changes indicative of a new pulmonary 
process, changes in chest sounds . 

ELTGOL 
(Muñoz et al., 2018) 

An exacerbation was defined as an acute development and 
persistence of changes in sputum characteristics (increased volume, 
thicker consistency, greater purulence, 
or haemoptysis), and/or increased breathlessness unrelated to other 
causes 

Spanish 
Definition 

EMBRACE 
(Wong et al., 2012) 

Was defined as an increase in or new onset of more than one 
pulmonary symptom (sputum volume, sputum purulence, or 
dyspnoea) requiring treatment with antibiotics. 

Anthonisen 

Gentamicin 
(Murray et al., 2011) 

An exacerbation was defined as a clinical deterioration with all of the 
following: increasing cough, increasing sputum volume, and worsening 
sputum purulence. 

Modified 
Anthonisen 

Hypertonic Saline 
(Nicolson et al., 2012) 

The daily home diary recorded adherence, changes in medications and 
symptoms (a change in sputum volume or colour, new or increased 
haemoptysis, increased cough, dyspnoea, lethargy, a fever or 
increased sinus discharge). An exacerbation was defined as recording 
at least three symptoms in one day for two or more consecutive days. 

Modified 
Fuch’s 

Inhaled Fluticasone 
(Tsang et al., 1998) 

An exacerbation was defined as subjective and persistent (⩾ 24 h) 
deterioration in at least three respiratory symptoms including cough, 
dyspnea, hemoptysis, increased sputum purulence or volume, and 
chest pain; with or without fever (⩾ 37.5° C), radiographic 
deterioration, systemic disturbances, or deterioration in physical signs 
in the chest including crackles and dullness on auscultation and 
percussion, respectively. 

Modified 
Fuch’s 

ORBIT-2 
(Serisier et al., 2013) 

Was defined as deterioration in at least four of the following nine 
symptoms or signs: sputum production (volume, colour, consistency or 
haemoptysis), dyspnoea, cough, fever, wheezing, exercise tolerance 
(or fatigue/lethargy/ malaise), FEV1 or FVC fall of at least 10%, new 
changes on chest radiograph and changes in chest sounds on 
auscultation. 

Modified 
Fuch’s 

Pseudomonas 
aeruginosa 

(Orriols et al., 2015) 

an exacerbation, defined as more frequent coughing, greater dyspnoea 
and an increase in sputum volume and purulence Modified 

Anthonisen 

RESPIRE 1 & 2 
(Aksamit et al., 2018) 

For the primary end-points, exacerbations were required to meet 
three criteria: 1) worsening of at least three signs or 
symptoms (dyspnoea, wheezing, cough, 24-h sputum volume or 
sputum purulence) beyond normal day-to-day variation for at least 2 
consecutive days, 2) fever (body temperature >38.0°C) or 
malaise/fatigue and 3) systemic antibiotic treatment (“primary end-
point definition”). 

Modified 
Fuch’s 

Roxithromycin 
(Liu et al., 2014) 

A protocol-defined exacerbation (PDE) which O'Donnell et al. set 
down. The PDE was prospectively defined as abnormalities in four of 
the following nine symptoms, signs, or laboratory findings: (1) change 
in sputum production (consistency, color, volume, or hemoptysis); (2) 
increased dyspnea (chest congestion or shortness of breath); (3) 
increased cough; (4) fever (≥38°C); (5) increased wheezing; (6) 
decreased exercise tolerance, malaise, fatigue, or lethargy; (7) forced 
expiratory volume in 1 second or forced vital capacity decreasing 10% 
from a previously recorded value; (8) radiographic changes indicative 
of a new pulmonary process; or (9) changes in chest sounds. 

Modified 
Fuch’s 

Tobramycin 
(Bilton et al., 2006) 

Presence of at least two of the following symptoms: 
Increased cough 
Increased volume of sputum produced 

Other 
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Increased sputum purulence (⩾ 3 on sputum color card) 
Increased dyspnea, increased wheezing 
And at least one of the following symptoms: 
Fever (temperature ⩾ 38°C) 
Malaise 
Increased WBC count > 10 x 103 cells/L 
Increased serum C-reactive protein level or erythrocyte 
sedimentation rate when compared with screening values 
And laboratory evidence of purulent sputum: defined by > 25 
WBCs per low-power field and <10 squamous oropharyngeal 
epithelial cells at x100 magnification. 

WILLOW 
(Chalmers et al., 2020) 

Exacerbations were defined according to modified consensus criteria 
as the presence of at least three of the following symptoms for at least 
48 hours that resulted in a physician’s decision to prescribe an 
antibiotic agent: increased cough, increased sputum volume or change 
in sputum consistency, increased sputum purulence, increased 
breathlessness or decreased exercise tolerance, fatigue or malaise, and 
haemoptysis. Severe exacerbations were those that led to 
hospitalization. 

EMBARC 

Ongoing Trials 
ACTRN12618001171202 

(Good et al., 2018) 
Pulmonary exacerbations - this is defined in relation to the recent ERS 
consensus definition EMBARC 

BX, NCT04142827 
(Fiorentino et al., 2019) 

Not Specified Not 
Specified 

FORZA, NCT03846570 
(van der Eerden et al., 

2019) 

Not Specified Not 
Specified 

IRCT2017041514085N4 
(Alavi et al., 2017) 

Patient reported Not 
Specified 

NCT03715322 
(Zhong et al., 2018) 

Not Specified Not 
Specified 

NCT04102774 
(Aliberti et al., 2019) 

Not Specified Not 
Specified 

PROMIS II, 
NCT03460704 

(Hull et al., 2018) 

Not Specified Not 
Specified 

VitalBE, NCT03696290 
(Chalmers et al., 2019) 

EMBARC- Events meeting this definition will be regarded as protocol 
defined exacerbations. The definition 
includes both exacerbations treated as an outpatient (reported as 
moderate exacerbations) and those treated with intravenous 
antibiotics or hospitalization (reported as severe exacerbations). 
Events receiving antibiotic treatment but not meeting this definition 
will be regarded as non-protocol defined exacerbations and will be 
included in a secondary analysis. 

EMBARC 
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2.1.4 Rationale for study 
 
This is the first time that the EMBARC criteria was prospectively explored in a registered 
clinical trial. All of the parameters of the criteria were measured using patient reported 
outcomes. As the modified Fuch’s criteria is likely the most commonly used and accepted 
criteria in past trials, part of this chapter directly compares EMBARC criteria to a modified 
Fuch’s and the number of exacerbations each can detect. In addition, a number of key patient 
signs/symptoms were collected at the beginning of an exacerbation, to explore if the 
symptoms proposed within EMBARC matched what patients were experiencing. 
 
 
 
2.1.5 Chapter Aims 
 
This chapter aimed to provide data for validity and measure the sensitivity of the EMBARC 
definition for exacerbations. 
 
Specific objectives of this Chapter are: 

1. To compare the number of pulmonary exacerbations and treatment changes within 
the CLEAR trial that met the EMBARC definition compared to the modified Fuch’s.  

2. To assess the implementation of an independent adjudication panel for exacerbations. 
3. To explore the signs and symptoms that do not meet EMBARC criteria for an 

exacerbation but still result in a change of treatment.  
4. To explore changes in the signs and symptoms from the beginning of an exacerbation 

to its resolution within both definitions. 
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2.2  Methods 
 
This study was embedded within the CLEAR clinical trial and used data directly collected 
during the trial. It analysed data specifically related to exacerbations obtained from patients 
enrolled within the trial. The patient inclusion/exclusion criteria were as per the CLEAR trial 
(Appendix). Throughout this analysis group allocation was unknown. 
 
 

2.2.1 Collecting signs and symptoms to diagnose exacerbations  
 
An important step in assessing for an exacerbation is an objective way to collect changes in 
signs and symptoms. The Respiratory and Systemic Symptoms Questionnaire (RSSQ) was 
originally designed to provide a consistent and harmonised approach for the collection of 
signs and symptoms relating to the identification of cystic fibrosis related pulmonary 
exacerbations (Lymp et al., 2009). This is summarised in Table 6 with the full questionnaire in 
the Appendix. The questionnaire uses a standardised format to capture various parameters 
and changes over time in key signs and symptoms. The questionnaire takes the form of an 
interview script, delivered by a researcher, with a number of questions to answer by the 
patient across various domains. The items captured within the RSSQ cover criteria that are 
required for both the EMBARC and Fuch’s definitions. A key point of the RSSQ is that it 
recognises the variability of symptoms between and within individuals and so aims to capture 
acute changes that vary significantly from day-to-day fluctuations. The RSSQ interview script 
asks patients to describe most changes in their symptoms on a 5-point Likert scale. The 
advantage of the RSSQ is that is covers a variety of domains as patient reported outcome 
measures in 16 questions that cover aspects of the EMBARC criteria. This ensures that it can 
be completed relatively quickly compared to other questionnaires that are longer such as 
QOL-B (Quittner et al., 2015) and SGRQ (Wilson et al., 1997). 
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Table 6: Summary of the RSSQ questionnaire possible answer choices. 

RSSQ questionnaire summary 
Questions (answered 

by patient) 
Possible Answer Choices 

1. Increased sputum 
production 

Much 
more 

A little 
more 

No 
change A little less Much 

less 
Never experienced 

symptom 
2.1. Sputum thickness Much 

thicker 
A little 
thicker 

No 
change 

A little 
thinner 

Much 
thinner 

 

2.2. Sputum Colour Worse No change Better  

3. Increased chest 
congestion 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

Never experienced 
symptom 

4. New or increased 
coughing up of blood 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

Never experienced 
symptom 

5.1. Intensity of 
cough 

Much 
harder 

A little 
harder 

No 
change 

A little 
lighter 

Much 
lighter 

Never experienced 
symptom 

5.2. Frequency of 
cough 

Much 
more 
often 

A little 
more 
often 

No 
change 

A little less 
often 

Much 
less 

often 

 

6. Decreased exercise 
tolerance 

Much 
harder 

A little 
harder 

No 
change 

A little 
easier 

Much 
easier 

 

7.Increased dyspnea 
with exertion 

Much 
more 

difficult 

A little 
more 

difficult 

No 
change 

A little 
easier 

Much 
easier 

 

8. Malaise, fatigue or 
lethargy 

Much 
more 
tired 

A little 
more 
tired 

No 
change 

A little 
more 

energy 

Much 
more 

energy 

 

9.Fever Yes No  

10.Weight loss Large 
weight 

gain 

A little 
weight 

gain 

No 
change 

A little 
weight 

loss 

Large 
weight 

loss 

 

11.Sinus pain and 
tenderness 

Yes No  

12.Change in sinus 
discharge 

Worse No change Better Never experienced 
symptom 

13.School or work 
absenteeism (due to 

illness) 
Yes No 

 

14.Decreased 
appetite 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

 

15. Wheezing 
(Additional 
Question 
Added) 

 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

Never experienced 
symptom 
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2.2.2 Data Collection Process for Exacerbations 
 
During the CLEAR trial, patients were asked to telephone the site if they feel they were 
experiencing symptoms of an exacerbation, described to patients as symptoms greater than 
the day to day fluctuations in symptoms that a patient would normally experience, that 
were persistent for at least 48 hours. Table 7 shows the schedule of assessments to measure 
for exacerbations remotely versus assessments undertaken at scheduled visits and Figure 3 
represents a flow diagram of the exacerbation data collection process.  
 
Table 7: Schedule of assessments to record exacerbations. If exacerbation was determined and unresolved then 
a further follow up call was scheduled. * modified versions of the RSSQ as described in the Appendix. 

Visit: In person at site Remote via telephone Remote via telephone 

Timepoint: Scheduled study visits 
within CLEAR 

Beginning of 
exacerbation End of exacerbation 

Visit Window: Visits 2, 3, 4 and 5 
Any time throughout 

trial when feels 
symptoms 

End of antibiotic course 
(or up to 14 days) 

Review of medications x x x 

RSSQ 
(since last visit version) 

x   

RSSQ 
(symptoms of exacerbation*) 

 x  

RSSQ 
(end of exacerbation*) 

  x 

Lung function tests (including 
FEV1 spirometry) 

x x x 

Prescribe antibiotics if needed  x x 
 
 
2.2.3 Implementing the RSSQ 
 
At potential exacerbations (during each phone call to diagnose potential exacerbations) the 
RSSQ was used to collect symptoms linked to the event. Some minor changes were made to 
allow for symptoms to be collected as per EMBARC and Fuch’s and so two modified versions 
of the RSSQ questionnaire were used in the trial to explore potential exacerbations in patients. 
Further details of the modifications are in the Appendix.  
 
The site staff used the symptoms information collected from the RSSQ results to assess for an 
exacerbation. These findings and the status of the patient were determined at site as to 
whether a prescription for antibiotics or any other change to the patient’s treatment was 
required as per EMBARC criteria only. However, any decisions were ultimately based on the 
clinical judgment of the responsible clinician. An independent external adjudication panel 
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then retrospectively classified events based on EMBARC criteria (further discussed in section 
2.2.9.1).  
 

2.2.4 Methods for collecting exacerbations in the CLEAR trial 
 
Patients were advised to wait at least 48 hours from the onset of signs/symptoms before 
contacting the study team. Upon patient contact, a member of the trial team undertook the 
following tasks: 

• Identified the patient. 

• Completed the RSSQ questionnaire (symptoms of exacerbation version). 

• Instructed the patient to complete spirometry using their mySpiroSense spirometer. 

• Noted any new concomitant medications taken by the patient.  

• Completed the relevent sections of the Case Report Form. 
 
Essentially, the results of the RSSQ were available immediately for review. After completing 
the above tasks, the study team used the RSSQ results to assess for exacerbation. Sites were 
advised to follow the EMBARC criteria as much as possible and then determine whether a 
prescription for antibiotics was appropriate or any other change to the patient’s treatment was 
required. Any such decisions were however ultimately based on the clinical judgment of the 
study team. If the patient had symptoms for less than 48 hours a second follow up telephone 
call was arranged with the patient at least 48 hours after the onset of their symptoms and the 
procedures as before repeated. In the event symptoms were inconsistent with an exacerbation, 
and/or a face to face visit was required the patient was asked to make an unscheduled study 
visit for further examination. 
 
If an exacerbation was diagnosed, the member of the study team undertook the following: 

• Directed the prescription of antibiotics (type of antibiotic, dose and length of 
treatment). Arrangements for antibiotics were directed in different ways depending 
on local procedures. This included prophylactic rescue packs held at home. If 
antibiotics are not prescribed, the reasons for not doing so were recorded.  

• Recorded this information alongside any changes in bronchiectasis treatment 
management on the Case Report Form and concomitant medication form. 

• Scheduled a follow-up telephone call with the patient to assess for the resolution of 
the exacerbation. 

 
The potential end of the exacerbation was defined as a patients end of antibiotics and being 
resolved of symptoms for at least 14 days. At this time point a member of the study team 
called the patient and:  
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• Administered the RSSQ questionnaire (end of exacerbation version). 

• Directed the patient to complete a lung function test using the mySpiroSense 
spirometer. 

• Reviewed the concomitant medication form and updated the Case Report Form. 
 
The collection of follow-up symptoms allowed exploration of resolution of the exacerbation 
as well as provide validity of the diagnosis of the exacerbation. If the patient’s symptoms were 
not resolved sites determined if further prescription for antibiotics were required. If further 
antibiotics were prescribed, arrangements were made to complete the call for resolution of an 
exacerbation at the end of their last course of antibiotics. If a patient arrived for a scheduled 
study visit and felt an exacerbation was imminent but didn’t make contact with the site, the 
site administered the RSSQ questionnaire (symptoms of exacerbation version) at the visit. If a 
scheduled study visit coincided with the end of the exacerbation the site administered the 
RSSQ questionnaire (end of an exacerbation version). 
 
All patients that held prophylactic antibiotics at home were regularly reminded at each study 
visit to contact study staff when feeling the onset of signs/symptoms of an exacerbation to 
ensure that antibiotic prescription was directed and recorded through clinical staff.  
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2.2.5 Flow diagram of exacerbation data collection and management 
 

 
 

 

  
 
 
Figure 3: Schematic diagram of remote data collection for exacerbations in the CLEAR trial. 

Patient feels symptoms of potential 
exacerbation and contacts site to 

assess for exacerbation 
 

Yes 

Follow up by study team 
for end of exacerbation 

(which is end of 
antibiotics course) 

Administer RSSQ (end 
of exacerbation version) 

RSSQ (symptoms of exacerbation 
version) administered a member of 
study staff and determine do they 

meet EMBARC definition for 
exacerbation 

Review concomitant 
medication form and 
prescribe antibiotics if 

required 

Exacerbation? 
Clinical site decision. 
(Overall adjudication 

completed later) 

Unable to determine 
(symptoms are 

inconsistent or complex) 

Unscheduled visit to site 
for further clinical 

examination of patient 

If exacerbation not 
resolved or further 

antibiotics prescribed or 
then follow up again after 

antibiotics 

 

Symptoms not 
present for 48 

hours then 
schedule a second 
telephone call to 

recheck 
(Decision made by 

PI or delegate) 
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2.2.6 EMBARC definition  
 
The EMBARC criteria was implemented per the 2017 consensus (Hill et al., 2017), previously 
described in Table 4. The exacerbation definition is in three parts; Part 1 – Symptoms, Part 2 – 
Duration of Symptoms, Part 3 – Decision to Treat.  Part 3 requires that the physician 
determines that change in bronchiectasis treatment is required. For the CLEAR trial, this 
change of treatment was defined as the prescription of antibiotics. To classify as a ‘fully 
qualifying’ exacerbation each event had to meet the requirements of all three parts of the 
definition.  It was anticipated that in some instances, patients and physicians would diagnose 
and treat exacerbation symptoms with antibiotics which do not meet all these criteria. Any 
such events were classified as ‘partially qualifying’ EMBARC exacerbations or ‘other’ 
exacerbations. A ‘partially qualifying’ exacerbation was an event that meets part 3 (i.e., 
prescription of antibiotics) and either part 1 or part 2 of the EMBARC definition. If only part 
3 was met, then an ‘other’ form of exacerbation occurred. To differentiate separate 
exacerbations, sequential episodes required unequivocal resolution of symptoms from the 
first event and >14 days from the end of one event to the commencement of the subsequent 
event. The end point of an exacerbation was marked as the end of a prescribed course of 
antibiotics. If both criteria were not met, the exacerbation was counted as a single, continuing 
event. This strategy was also used within the BLESS clinical trial and so ensured 
differentiation of sequential exacerbations (Serisier et al., 2013). 

 
2.2.7 Modified Fuch’s definition 
 
For the modified Fuch’s, the criteria used was the same as the O’Donnell (1998) version (Table 
3) with the exception of the two clinician-based assessments: radiographic changes indicative 
of a new pulmonary process and changes in chest sounds. These were excluded so that the 
Fuch’s criteria could be assessed remotely as a combination of PROs and patient led clinical 
measures that included temperature and lung function. Patients were provided with a PARI 
mySpiroSense spirometer to record FEV1 at the start and end of exacerbations for criteria 7 of 
the Fuch’s criteria. Measurements of lung function can give an indication of the degree of 
airflow obstruction and disease severity in bronchiectasis (Hill et al., 2019). The forced 
expiratory volume in 1 second (FEV1) is the volume of air that can forcibly be exhaled in one 
second, after full inspiration and declines with increasing disease severity. More details on 
spirometry are within Chapter 3.  In addition, patients were each provided with an electronic 
thermometer to record their temperature during an exacerbation for criteria 4 of the definition. 
The 7 signs/symptoms that were assessed are summarised in Table 8. A ‘full’ Fuch’s 
exacerbation was classified as deterioration in at least 4 of the 7 domains.  A ‘non-protocol 
defined exacerbation’ (NPDE) was less than 4 deteriorations and ‘no’ exacerbation was 0 
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deteriorations. This is in contrast with EMBARC classifications that all ultimately required a 
prescription of antibiotics with symptoms lasting for at least 48 hours. 
 
Table 8: Summary of the CLEAR trial Fuch’s definition for bronchiectasis exacerbations. 
 

Criteria for the modified Fuch’s criteria used in the CLEAR trial 

A Fuch’s exacerbation was prospectively defined as abnormalities in 4 of 7 criteria:  

Symptoms, signs or 
findings 

1. Change in sputum production (consistency, colour, volume, or 
haemoptysis). 

2. Increased dyspnoea (chest congestion or shortness of breath). 
3. Increased cough. 
4. Fever (38°c). 
5. Increased wheezing. 
6. Decreased exercise tolerance, malaise, fatigue, or lethargy. 
7. FEV1 decreased 10% from a previously recorded value. 

 
 
2.2.8 Data transfer 
 
Following the opening of the CLEAR trial to enrolment on 27th June 2018, the NICTU 
scheduled to transfer data every 3-6 months for adjudication. For this analysis, data was 
provided by the NICTU on 4th February 2019 and on 7th August 2019. Further full RSSQ data 
was provided on the 13th May 2020. All data linked to the pilot duration of the CLEAR trial. 
Anonymised data from the mySpiroSense spirometer was transferred directly by each site to 
PARI and then to Queen’s University Belfast for analysis (further details are in section 3.2). 
Data that was transferred included details surrounding all RSSQ forms, phone calls, 
unscheduled visits, patient notes, concomitant medications and spirometry. The full list of 
data is in the Appendix. All exacerbation data was checked and cleaned, with any queries that 
arose from the data subsequently clarified with the NICTU and respective sites. Relevant data 
was imputed from the NICTU Macro spreadsheets into classification sheets for presentation 
to the adjudication panel. A blank EMBARC classification sheet is in the Appendix.  
 
 
2.2.9 Retrospective calculation of EMBARC and Fuch’s definitions  
 
2.2.9.1  EMBARC Classification  
 
The data was assessed using the methodology outlined in Table 9 to ascertain whether 
signs/symptoms met the criteria for an EMBARC definition. Under the Question Number 
column, if more than one question is listed with ‘and/or’ as a separator, then only one of the 
questions and respective answers is needed to qualify as a deterioration in that domain. If one 
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of the below answers is given and the time is greater than 48 hours, then a deterioration in 
that domain has occurred. Assessment was undertaken by an external independent 
adjudication panel for EMBARC (further details in next section) as this was the primary 
outcome measure in the CLEAR trial. 
 
Table 9: The EMBARC scoring system. An EMBARC exacerbation will be classified as deterioration in 
at least three of the six domains (part 1) with a duration of 48 hours and prescription of antibiotics. 

Domain  

Question 
Number 

(From 
RSSQ) 

Answers that qualify as 
deterioration 
(From RSSQ) 

 
Response that 

qualify as 
deterioration 

present  
(Yes or No) 

Is time >48 
hours? 

(Yes or No) 

Deterioration in 
domain? 

(Yes or No) 

Cough 
5.1 

and/or 
5.2 

“much harder” or  “a 
little harder”  

  
 “much more often” or  

“a little more often”  
  

Sputum Volume 
and/or 

consistency 

1 
and/or 

2.1 

“much more” or  “a 
little more” 

 
 

 
“much thicker” or  “a 

little thicker” 
 

 

Sputum 
Purulence 

2.2 “worse” 
 

  

Breathlessness 
and/or exercise 

tolerance 

7 
and/or 

6 

“much more difficult” 
or “a little more 

difficult” 

 
 

 
“much harder” or “a 

little harder” 
 

 

Fatigue and/or 
malaise 

8 “much more tired” or “a 
little more tired” 

 
  

Haemoptysis 4 “large increase” or “a 
little increase” 

 
  

   
 

Total 
deteriorations: 6#  

 
 
2.2.9.2  EMBARC Adjudication Panel 
 
The independent adjudication panel retrospectively assessed exacerbations against the 
EMBARC criteria. The decision-making members of the panel consisted of two Consultant 
Respiratory Physicians and 1 Specialist Respiratory Physiotherapist, all blinded to treatment 
allocation. The key responsibilities of the panel were to individually review the exacerbation 
data on a case-by-case basis and decide whether an EMBARC exacerbation had occurred and 
submit them centrally back to the panel administrators (Rohan Anand and Brenda O’Neill). 
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The full Terms of Reference and Process are detailed in the Appendix. Each event was 
categorised as a fully qualifying exacerbation, partially qualifying exacerbation, other 
exacerbation or no exacerbation. Following review, they would attend adjudication panel 
meetings to reach consensus on exacerbation classifications for any disagreements. The 
adjudication panel process is illustrated in Figure 4.  
 

 
Figure 4: Flow diagram of EMBARC adjudication panel process in the CLEAR trial. 

 
 
  

After meeting

Chair/Admin to circulate written report of meeting back to CLEAR trial team

During Meeting
Chair/Admin to summarise process, facilitate 

discussion and record decisions Panel members to discuss and agree on consensus 

Prior to meeting
Chair/Admin to obtain data and circulate sheets to 

panel members
Panel members to review data and score 

exacerbations classification sheets. 
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2.2.9.3  Fuch’s Classification and Adjudication Panel 
 
The data was assessed using the methodology outlined in Table 10 to ascertain whether 
signs/symptoms met the criteria for a modified Fuch’s definition. Under the Question 
Number column, if more than one question is listed with ‘and/or’ as a separator, then only 
one of the questions and respective answers is needed to qualify as a deterioration in that 
domain. As the Fuch’s criteria was not the primary outcome of the CLEAR trial, Fuch’s 
exacerbations were classified internally and independently by two CLEAR trial investigators 
(Rohan Anand and Brenda O’Neill). Consensus agreements were reached to classify each 
event as ‘full Fuch’s’ exacerbation, ‘non-protocol defined Fuch’s exacerbation’ (NPDE) or ‘no’ 
exacerbation. Full details are available in the Fuch’s exacerbation adjudication: Terms of 
Reference and Process document contained, within the Appendix, alongside a blank Fuch’s 
classification sheet. 
 
Table 10: Modified Fuch’s scoring system. A Fuch’s exacerbation will be classified as deterioration in 
at least four of the seven domains. 

Domain  
Question 

Number(s) 
(From RSSQ) 

Answers that qualify as deterioration 
(From RSSQ) 

Is time >48 
hours  

(Yes or No) 

Deterioration in 
domain? 

(Yes or No) 

Change in sputum 
production 

(consistency, colour, 
volume, or 

haemoptysis) 

2.1 
and/or 

2.2 
and/or 

1  
and/or 

4 

“much thicker” or  “a little thicker”   

 
“worse”   

“much more” or  “ a little more”  

“large increase” or “a little increase”   

Increased dyspnoea 
(chest congestion or 
shortness of breath) 

3 
and/or 

7 

“large increase” or  “little increase”  

 
“much more difficult” or “a little more 

difficult”  

Increased cough 

 
5.1 

and/or 
5.2 

 

“much harder” or  “a little harder”   

 
“much more often” or  “a little more 

often”  

Fever (>38°c) 9 “yes”   

Increased wheezing 
15  

(Additional 
Question) 

“large increase” or  “little increase”    

6 
and/or 

“much harder” or “a little harder”   
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Decreased exercise 
tolerance, malaise, 
fatigue, or lethargy 

8 “much more tired” or “a little more 
tired”  

FEV1 decreased 10% 
from a previously 

recorded value 

mySpiroSense 
Spirometer “yes” N/A  

   Total 
deteriorations: 7#  

 
 
For the decrease in FEV1 domain, a previously recorded value was drawn from a last stable 
study visit where possible, as these are the main lung functions that were done satisfactorily. 
If a study visit was not considered stable then nearest stable lung function to a visit was 
considered (Serisier et al., 2013; Barker et al., 2014). If both home and clinic FEV1 were available 
on the day of exacerbation, the clinic FEV1 was used. If no value was within 48 hours of the 
symptoms start date, then the value was deemed missing and FEV1 change uncalculatable. If 
both home and clinic were available and within 48hrs, the closest value to the exacerbation 
was used. For the start of an exacerbation. The percentage decrease was then calculated as: 
 

	"#$1		&'()*+,-./	'(0+'1(1 − 	"#$1		34	-43'4	+5	(630('734*+8	
"#$1		&'()*+,.-/	'(0+'1(1 	× 100 

 
 
 

 

2.2.10 Main Statistical Analysis 
 
2.2.10.1   Aim 1 and 2 
 
Analysis using descriptive summaries and cross tabulations were used to compare the 
proportion of EMBARC-defined exacerbations that met the criteria against the modified 
Fuch’s definition. An Excel sheet was created containing all events classified by the 
exacerbation panel according to EMBARC, including antibiotic details, and matched to the 
corresponding Fuch classifications. Comparisons were made between the groups using the 
McNemar’s test, a non-parametric test for paired nominal data. The McNemar’s test was 
conducted on software hosted on vassarstats.net. Descriptive summaries were also used to 
compare EMBARC panel adjudication panel member’s responses. 
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2.2.10.2   Aim 3  
 
Descriptive summaries and cross tabulations were used to explore the signs and symptoms 
that resulted in a partially qualifying exacerbation and those that did not meet full EMBARC 
exacerbation criteria. Relevant exacerbations were selected from the exacerbation Excel 
spreadsheet by filtering for Partial and Other exacerbations with antibiotics prescribed. Any 
exacerbations were then matched to the relevant RSSQ data. This was on a data file provided 
by the NICTU on 13th May 2020 (RSSQSymptExacer). Symptoms for each domain were then 
tallied. This was repeated for full exacerbations and no exacerbations to provide three distinct 
summaries of symptoms. If two events were classified by the adjudication panel as one single 
exacerbation and with more than one RSSQ completed, the symptom data for the most recent 
RSSQ was used.  
 

2.2.10.3   Aim 4 
 
Given the limited pilot dataset, a descriptive analysis highlighting the changes in RSSQ 
symptoms was undertaken. The RSSQ answers of those events classed as full EMBARC 
exacerbations were linked by Patient ID and Form Number between the start (RSSQ 
symptoms of exacerbations) and the end (RSSQ End of Exacerbation). In addition, the 
symptom status at baseline was also linked to determine if patients had experienced the 
symptom prior to the start of the exacerbation. Dates were then cross checked with the End of 
Exacerbation Dates recorded on the Exacerbation Spreadsheet. The percentage change in 
deteriorations was calculated as: 
 

%	'()*+	*,-./0-	0/1(0)/2	*-	.(0-/	*)	3445	/,2 − 	'()*+	*,-./0-	0/1(0)/2	*-	.(0-/	*)	3445	-)*0)	'()*+	*,-./0-	0/1(0)/2	*-	.(0-/	*)	3445	-)*0)	 7

× 	100 
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2.3  Results 
 

2.3.1 Missing data 
 
A number of exacerbation events had missing data associated with them. These were mainly 
RSSQ specific data where sites had not completed sections on the eCRF but had entered 
required details on another section, only for the EMBARC classification. For events where 
RSSQ data is missing, symptoms changes could not be explored. In addition, a number of 
FEV1 values were missing due to incompletion at the start of exacerbation symptoms so FEV1 
changes for these events could not be calculated for the Fuch’s criteria. For each preceding 
analysis missing data is noted. 

 
2.3.2 Aim 1 and 2: Comparing EMBARC and Fuch’s 
 
In total 83 classification sheets were prepared, from June 2018 to August 2019, with data from 
47 patients within the CLEAR trial and presented to the EMBARC panel members for 
adjudication. This resulted in 76 exacerbation events being classified across three separate 
adjudication meetings, summarised in Table 11. 61 were classified with a unanimous panel 
decision and 15 with a majority decision. In total, the panel were each provided with three 
batches of classification sheets and subsequently after classifying each batch met via 
teleconference for discussions on exacerbations that did not have a unanimous classification. 
Full details of the panel decisions and outcomes are summarised within the Appendix. 
 
This difference was due to some events being classified as the same continuous exacerbation 
(i.e. events not having a time period greater than 14 days). Following adjudication, 51 
exacerbations were deemed a full EMBARC classification, 4 as Partial, 8 as Other and 13 events 
were not deemed an exacerbation. The 76 classifications were also classified according to 
Fuch’s criteria resulting in 55 full Fuch’s classifications, 6 NPDE and 15 Unclassifiable due to 
missing data, primarily due to missing FEV1 data. Classifications of exacerbations in relation 
to the prescription of antibiotics are also summarised in Table 11. As expected, all 51 Full 
EMBARC exacerbations had antibiotics prescribed as with all Partial and Other exacerbations. 
8 of 55 met the full Fuch’s but not the full EMBARC as they did not have antibiotics prescribed.  
 
 
 
 
 
Table 11: Summary of EMBARC and Fuch's classifications in the CLEAR trial (NPDE: Non-Protocol 
Defined Exacerbation). 
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 EMBARC (n=76) Fuch’s (n=76) 
 Full Partial Other No Full NPDE No Unclassifiable 
Number of exacerbations 51 4 8 13 55 5 0 16 
Antibiotics prescribed 51 4 8 0 47 2 0 15 
Antibiotics not prescribed 0 0 0 13 8 3 0 1 

 
Of the 51 exacerbations that were classified as full EMBARC, 43 were also classified as a full 
Fuch’s. This is summarised in Table 12, with ‘negative’  EMBARC exacerbations that included 
partial, other, no, whilst negative Fuchs included NPDE, no and unclassifiable. For the 8 
exacerbations that were full EMBARC but did not meet the criteria for full Fuch’s, this was 
partly due to missing data surrounding FEV1 values. Therefore, in 3 of these cases Fuch’s 
could not be calculated, so 5 events were a true disagreement. For the 12 exacerbations that 
were full Fuch’s but did not meet criteria for full EMBARC, the main reason was no 
prescription of antibiotics in 9 events and the 3 remaining events had symptoms not lasting 
for more than 48 hours. 
 
Table 12: Contingency table comparison Full EMBARC vs Full Fuch’s. Those highlighted green are 
agreements between the two classifications and those in red are disagreement.  

Fu
ll 

EM
BA

R
C 

( n
= 

51
) 

Full Fuch’s 
(n= 55) 

 Fuch’s +ve Fuch’s -ve Row total (EMBARC) 
EMBARC +ve 43 8 51 
EMBARC -ve 12 13 25 
Column total (Fuch’s) 55 21  

 
 
The McNemar’s full test results are displayed in Table 13 and is based on the contingency 
table data in Table 12. The two tailed test p-value was 0.503, implying no significant 
differences in the number of classifications of full EMBARC and full Fuch’s exacerbations. 
With an odds ratio of 1.5, a classification of full Fuch’s is more likely to occur than a full 
EMBARC classification. In summary, there is agreement between the EMBARC and Fuch’s 
classifications.  
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Table 13: McNemar's test results comparing the difference between EMBARC and Fuch’s. 

Proportions  
Difference 
(Unsigned) 

 PEMBARC  51/76 = 0.6711 
0.0526 

 PFuch’s 55/76 = 0.7237 

McNemar Test Result 

Two-Tail 0.503445 

One-Tail 0.251722 

For Discordant Cells 

Number of cases with 
EMBARC=1 and Fuch’s=0 

8 

Number of cases with 
EMBARC=0 and Fuch’s=1 

12 

Odds Ratio 
  (larger/smaller) 

1.5 

0.95 Confidence Interval of Odds Ratio 

  Upper Limit 3.6696 

  Lower Limit 0.6131 
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2.3.3 Aim 3: Comparing symptoms at the start of exacerbations 
 
2.3.3.1  Symptom changes for full EMBARC exacerbations  
 
In total, 51 exacerbations were classified as Full EMBARC exacerbations meeting all three 
parts of the definition including the prescription of antibiotics. However, 4 of these had 
specific RSSQ data missing so symptom changes could not be explored for these few events. 
The deterioration in symptoms of the remaining 47 exacerbations are summarised in Table 14. 
Nine domains had deteriorations present in greater than 70% of exacerbations: sputum 
production, sputum thickness, sputum colour, chest congestion, cough intensity, cough 
frequency, exercise tolerance, dyspnoea and malaise/fatigue/lethargy. All of these are 
covered within the EMBARC criteria with the exception of chest congestion. Three domains 
had deteriorations in less than 30% of exacerbations: haemoptysis, weight loss and sinus 
pain/tenderness with haemoptysis being part of the EMBARC criteria. In addition to the data 
captured by the RSSQ, there were a total of 24 exacerbations that calculated a change in lung 
function with the data available. Just over 50% had a significant decrease in FEV1 in 
association with a full EMBARC exacerbation as summarised at the bottom of  
Table 14. 
 

Table 14: Symptoms of full EMBARC exacerbations (n= 47). FEV1 change at the start of full 
exacerbations (n= 24). Sorted by descending rank order. Asterisks (*) indicates symptoms covered in 
EMBARC: 

Signs/Symptoms 
(From RSSQ symptoms of exacerbation, number 
represents question number in the questionnaire) 

Number of events having 
deterioration at start of full 
EMBARC exacerbations 
 

Percentage of events 
experiencing 
deterioration 

8. Malaise, fatigue or lethargy* 45 96 
5.1 Intensity of cough* 40 85 
6. Decreased exercise tolerance* 40 85 
5.2 Frequency of cough* 39 83 
3. Increased chest congestion 38 81 
7. Increased dyspnoea with exertion* 37 79 
1.Increased sputum production* 36 77 
2.1 Sputum thickness* 36 77 
2.2 Sputum Colour* 36 77 
15.Wheezing 31 66 
12.Change in sinus discharge 26 55 
14.Decreased appetite 22 47 
9. Fever 17 36 
13.School or work absenteeism (due to illness) 16 34 
11. Sinus pain and tenderness 9 19 
4.New or increased coughing up of blood* 4 9 
10.Weight loss 4 9 

Deterioration in lung function 
(Calculated using values from mySpiroSense spirometer) 

Decrease of 10% or more in FEV1 13 54 
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Symptom changes for Partial/Other EMBARC exacerbations with antibiotic prescription 
 
12 exacerbations that were not classified as full EMBARC exacerbations, and so were classed 
as Partial or Other. All 12 of these had antibiotics prescribed. 7 had specific RSSQ data missing, 
with the deterioration in symptoms of the remaining 5 exacerbations summarised in Table 15. 
All of these exacerbations had deteriorations in intensity of cough, exercise tolerance and 
malaise, fatigue and lethargy. There were no deteriorations in haemoptysis, fever, weight loss, 
sinus pain/tenderness or work absenteeism. In addition to the data captured by the RSSQ, 
there were two events classed as partial and other exacerbation with lung function data 
available. Both had a significant decrease in FEV1 as summarised at the bottom of Table 15.  
 
Table 15: Symptoms of partial and other exacerbations with antibiotics prescribed (n= 5). FEV1 
change at the start of partial or other exacerbations (n= 2). Sorted by descending rank order. 
Asterisks (*) indicates symptoms covered in EMBARC. 

Signs/Symptoms 
(From RSSQ symptoms of exacerbation, number 
represents question number in the questionnaire) 

Number of events having 
deterioration at start of 
partial and other EMBARC 
exacerbations 
 

Percentage of events 
experiencing 
deterioration 

5.1 Intensity of cough* 5 100 
6. Decreased exercise tolerance* 5 100 
8. Malaise, fatigue or lethargy* 5 100 
1.Increased sputum production* 4 80 
2.1 Sputum thickness* 4 80 
7. Increased dyspnoea with exertion* 4 80 
2.2 Sputum Colour* 3 60 
3. Increased chest congestion 3 60 
5.2 Frequency of cough* 3 60 
12.Change in sinus discharge 3 60 
14.Decreased appetite 3 60 
15.Wheezing 2 40 

4.New or increased coughing up of blood* 0 0 
9. Fever 0 0 
10.Weight loss 0 0 
11. Sinus pain and tenderness 0 0 
13.School or work absenteeism (due to illness) 0 0 

Deterioration in lung function 
(Calculated using values from mySpiroSense spirometer) 

Decrease of 10% or more in FEV1 2 100 

  



 
 

Page 69 of 340 
 

2.3.3.2 Symptom changes for events that were not exacerbations 
 
In total, 13 events were not classified as any form of EMBARC exacerbation and so were 
classified as ‘No’ exacerbation. There were no missing data for these events. Symptoms 
associated with them are summarised in Table 16. Three domains had deteriorations in greater 
than 70% of these events: exercise tolerance, dyspnoea and malaise/fatigue/lethargy. In 
addition to the data captured by the RSSQ, there were 8 events classified as no exacerbation 
with lung function data available. 5 had a significant change in FEV1 as summarised at the 
bottom of  Table 16. 
 
Table 16: Symptoms of no exacerbations (n=13). FEV1 change at the start of events classed as no 
exacerbations (n= 8). Sorted by descending rank order. Asterisks (*) indicates symptoms covered in 
EMBARC. 

 
 
 

Signs/Symptoms 
(From RSSQ symptoms of exacerbation, number 
represents question number in the questionnaire) 

Number of events having 
deterioration at start of no 
exacerbation events 
 

Percentage of events 
experiencing 
deterioration 

8. Malaise, fatigue or lethargy* 11 85 
6. Decreased exercise tolerance* 10 77 
7. Increased dyspnoea with exertion* 10 77 
5.2 Frequency of cough* 9 69 
3. Increased chest congestion 8 62 
15.Wheezing 8 62 

12.Change in sinus discharge 7 54 
2.1 Sputum thickness* 6 46 
1.Increased sputum production* 5 39 
5.1 Intensity of cough* 5 39 
2.2 Sputum Colour* 4 31 
11. Sinus pain and tenderness 4 31 
13.School or work absenteeism (due to illness) 4 31 
14.Decreased appetite 4 31 
9. Fever 3 23 
10.Weight loss 2 15 
4.New or increased coughing up of blood* 0 0 

Deterioration in lung function 
(Calculated using values from mySpiroSense spirometer) 

Decrease of 10% or more in FEV1 5 63% 



 
 

Page 70 of 340 
 

2.3.4 Aim 4: Comparing symptoms from start to end of full EMBARC exacerbations 
 
The 51 full EMBARC events were linked to symptoms recorded on their RSSQ forms that were 
at the start and end of the exacerbations as per the exacerbation schedule (Table 7). No data 
was missing at for the baseline RSSQ symptoms. Four RSSQ Symptoms of Exacerbation forms 
had data missing and six RSSQ End of Exacerbation forms also had data missing. The RSSQ 
symptoms for all events including missing data are summarised in the Appendix. After 
matching the patient IDs and dates at the start to the end of exacerbation symptoms to exclude 
these missing events, 39 RSSQ questionnaires were linked with full symptom data available 
from baseline through to the start and end of exacerbations. The RSSQ answers to each 
exacerbation are summarised in Table 17. Many domains show improvement but do not 
return to baseline levels at the end of the exacerbation. The percentage change in 
deteriorations is also presented, as the difference between any worse symptoms at the end of 
an exacerbation relative to symptoms that were reported as worse at the start of the event. 
Improvement was defined as any symptom that was less worse at the end of an exacerbation 
compared to the start. The majority of symptoms showed improvement at exacerbation 
resolution ranging from 35% to 79% overall decreases in deteriorations. The largest changes 
were in sputum thickness, sputum colour and intensity of cough, all having a percentage 
improvement of greater than 70% compared to the start of exacerbation. Three domains that 
did not show an improvement were weight loss, sinus pain and tenderness and school or 
work absenteeism. The change of each symptom domain from start to end are presented in 
Table 17 and visualised in dual bar charts in Figure 5. Each chart contains the numbers of 
patients and their symptom status at the beginning (blue) and end of exacerbation (red). Many 
domains show improvement do not return to normal baseline level at the end of the 
exacerbation. 
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Table 17: RSSQ status at the beginning and end of exacerbation (n=39). Sorted by descending rank order with largest improvements ranked first. Asterisks (*) indicates 
symptoms covered in EMBARC. 

Domain 
(from RSSQ) 

Status at beginning of exacerbation 
(n=39) 

 

Status at resolution of exacerbation 
(n=39) 

% change of 
deteriorations 
from start to 
end 

 Better Slightly 
Better 

No 
Change  

Slightly 
worse 

Worse Never 
experienced 

Better Slightly 
Better 

No 
Change  

Slightly 
worse 

Worse Never 
experienced 

 

5.1.Intensity of cough* 0 0 6 18 15 0 8 10 8 8 5 0 -87 
2.2Sputum Colour* 0 N/A 11 N/A 28 N/A 20 N/A 13 N/A 6 N/A -79 
2.1.Sputum thickness* 1 1 8 17 12 N/A 9 13 10 5 2 N/A -76 
12.Change in sinus discharge 0 N/A 15 N/A 22 2 5 N/A 23 N/A 7 4 -68 
3.Increased chest congestion 0 0 7 16 16 0 8 11 9 9 2 0 -66 
15.Wheezing 0 0 11 18 8 1 5 6 13 9 1 5 -62 
1.Increased sputum production* 1 0 8 11 19 0 7 9 11 7 5 0 -60 
6.Decreased exercise tolerance* 0 0 5 16 18 N/A 7 5 13 9 5 N/A -59 
9.Fever N/A N/A 25 N/A 14 N/A N/A N/A 33 N/A 6 N/A -57 
8.Malaise, fatigue or lethargy* 0 0 2 29 8 N/A 3 6 6 6 18 N/A -54 
5.2.Frequency of cough* 0 1 6 17 15 N/A 7 8 8 8 8 N/A -50 
4.New or increased coughing up 
of blood* 

0 0 8 4 0 27 0 1 5 2 0 31 -50 

7.Increased dyspnoea with 
exertion* 

0 0 9 11 19 N/A 7 6 10 11 5 N/A -47 

14.Decreased appetite 1 1 17 16 4 N/A 1 6 19 11 2 N/A -35 
13.School or work absenteeism 
(due to illness) 

N/A N/A 26 N/A 12 N/A N/A N/A 24 N/A 15 N/A 25 

11.Sinus pain and tenderness N/A N/A 32 N/A 7 N/A N/A N/A 29 N/A 10 N/A 43 
10.Weight loss 0 4 32 3 0 N/A 0 0 29 8 2 N/A 70 
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Figure 5: Changes of symptoms as per the 17 questions of the RSSQ at the start of an exacerbation (blue) and 
end of exacerbation (red).The number in each title is the corresponding question number in the RSSQ.  
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2.4  Discussion 
 
To date, this was the first study to systematically explore the EMBARC criteria for 
exacerbations in bronchiectasis trials based on patient reported outcomes. It compared the 
criteria against a conventional Fuch's criteria and also explored a number of symptom changes 
at the start of an exacerbation using the RSSQ. This analysis showed that the EMBARC criteria 
is justifiable to use as a primary outcome measure in clinical trials based on PROs and 
demonstrated the feasibility of capturing exacerbations remotely reducing the need for clinic 
visits. In addition, the majority of symptoms that deteriorated at the beginning of 
exacerbations corresponded to domains within the EMBARC criteria. This helps to further 
justify the EMBARC criteria for use in future bronchiectasis trials as previously the criteria 
were based solely on expert opinion.  
 

2.4.1 Aim 1: Comparing EMBARC and Fuch’s 
 
For aim 1, the EMBARC criteria was found to be equivalent to the modified Fuch's criteria in 
capturing exacerbation events, with no significant differences in the number of exacerbations 
recorded between the two methodologies. Although the EMBARC criteria was derived via a 
systematic Delphi process, it ultimately bases the final methodology on consensus expert 
judgment rather than primary data. The major advantage of the Delphi is that it promotes 
comprehensibility and holism amongst the experts in an area of where there is no clarity (Fink-
Hafner et al., 2019). However, results of a Delhi study alone should be used with caution if 
being substituted for direct empirical evidence. Using McNemar’s test, this comparison to 
Fuch's provides the empirical evidence that EMBARC is feasible for detecting bronchiectasis 
related exacerbations. However, a larger sample size of 293 exacerbations would determine, 
at 80% power, if the paired proportions are significantly different with a p-value of less than 
0.05. This assumes 67% and 72% of the pairs are classified as full exacerbations by both 
EMBARC and Fuch’s, and the correlation between paired observations is 0.8 (Dhand and 
Khatkar 2014). For this analysis, statistically there was no differences between the numbers of 
exacerbations recorded whilst the collection and classification of EMBARC was more efficient 
and builds towards evidence-based criteria. All aspects of the criteria were based on patient 
reported outcomes and were available immediately after talking with the patient. In contrast, 
not all aspects of the modified Fuch’s criteria used in this study were patient reported, as two 
domains related to changes in temperature and lung function, with the latter not available for 
immediate reference. For classifying Fuch’s, it was time consuming to identify the most recent 
stable past FEV1 value and link it to the start of an exacerbation, which could be a hindrance 
when trying to assess for an exacerbation in real time in clinic. Other clinician reported 
domains that are commonly used as part of the Fuch's in other trials, but not used in the 
version presented here, include changes in chest sounds and radiographic changes, both of 
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which would require direct clinician assessment (Bilton et al., 2013; Tsang et al., 1998; 
Altenburg et al., 2013; Serisier et al., 2013). The findings for this exploration of the EMBARC 
criteria is also supported by a recent study that validated a patient diary known as the 
bronchiectasis exacerbation and symptom tool (BEST). The symptom diary consisted of all the 
EMBARC symptoms, except for haemoptysis, and showed concurrent validity with current 
health questionnaires at the beginning and resolution of exacerbations (Artaraz et al., 2020). 
In addition, a recent systematic review suggests that there is a 50% success rate of trials that 
use exacerbations as a primary outcome, suggesting that the variation in defining 
exacerbations attributes significantly to the success of the trial (Crichton et al., 2019). The 
review also found multiple definitions within the same trial publication further highlighting 
inconsistency of this trial endpoint.   
 

2.4.2 Aim 2: Adjudication Panel 
 
For aim 2, the implementation of an independent panel to adjudicate the exacerbations was 
successful. The panel were successfully blinded to treatment allocation and the vast majority 
of decisions were unanimous. Where there was disagreement, discussions were productive in 
reaching a consensus. The success of such a blinded panel reduces observer bias around the 
primary outcome in an otherwise unblinded trial (Anand et al., 2020). The result of this aim 
gives confidence to other researchers, that cannot blind the administration of the primary 
outcome during a trial, to use independent panel.  

 
 
2.4.3 Aim 3: Comparing symptoms at the start of exacerbations 
 
For aim 3, two overarching questions were addressed. Firstly, in those who had a full 
exacerbation which symptoms, most and least commonly, contributed to the classification. 
Secondly, what symptoms are reported when there is a full exacerbation, with antibiotic 
treatment, but do not contribute to partial or other exacerbations where there is no antibiotic 
treatment. When exploring all symptom changes at the start of full EMBARC exacerbations 
the symptoms with the highest proportions of deteriorations were cough intensity, cough 
frequency, chest congestion, exercise tolerance, dyspnea, sputum changes and 
malaise/fatigue/lethargy. With the exception of chest congestion, all these symptoms are 
captured within the EMBARC criteria. These symptoms are similar to a previous 2015 study 
in which the most prevalent symptoms at the start of an exacerbation were increased cough, 
breathlessness, sputum changes and breathlessness (Brill et al., 2015). These symptoms are 
also consistent with the majority of symptoms patients have previously reported as a general 
day to day burden; cough, breathlessness, phlegm and energy levels, cough frequency and 
phlegm characteristics (Dudgeon et al., 2018).  Symptoms that contributed the least for full 
exacerbations were haemoptysis, fever, weight loss, sinus pain/tenderness and work 
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absenteeism. A decline in FEV1  historically has been associated strongly with exacerbations, 
however just over half of patients that met full EMBARC criteria also had a significant 
decrease in this parameter, showing it is likely not as important has other symptoms in 
diagnosing an exacerbation. Similarly, when comparing symptom changes at the start of full 
EMBARC exacerbations to those that were classified as Partial or Other, there were no 
deteriorations in haemoptysis, fever, weight loss, sinus pain/tenderness or work absenteeism, 
and furthermore, deteriorations in wheezing, chest congestion and frequency of cough were 
lower. However, the sample size for this group was considerably lower at 5 patients, when 
compared to the 47 patients experiencing full exacerbations. For events that were ultimately 
classed as no exacerbation, there were a range of symptoms that deteriorated, hence showing 
the day to day variability of symptoms experienced in patients with bronchiectasis (Brill et al.,  
2015; Table 17). Overall, this exploration of 17 distinct signs and symptoms in bronchiectasis 
suggests that the vast majority of symptoms are captured as required for EMBARC as patient 
reported outcomes. From this analysis, two symptoms that could be argued for inclusion 
within the EMBARC criteria are chest congestion and wheezing, as both had a high proportion 
of deteriorations in patients. During the Delphi process these, together with wheezing, were 
discussed but ultimately not included (Hill et al., 2017). Chest tightness was also identified as 
a key symptom burden in a qualitative study of patients with bronchiectasis (Dudgeon et al., 
2018). The 13 events that were classified as no exacerbation had the majority of symptom 
deteriorations below those that were classified as a form of exacerbation. The majority (83%) 
of patient reported events did result in an exacerbation classified as full, partial or other, 
suggesting the process of exacerbation detection via remote patient reported outcomes was 
excellent. 
 

2.4.4 Aim 4: Comparing symptoms from start to end of exacerbations 
 
When exploring symptom changes from the start through to the resolution of an exacerbation 
in aim 4, the majority of symptoms showed improvement. The largest improvements were in 
sputum thickness, sputum colour and cough intensity, symptoms that had also largely been 
reported as worse at the beginning. Chest congestion, exercise tolerance and 
malaise/fatigue/lethargy were symptoms that reported high proportions of deteriorations at 
the beginning of exacerbation but with lower improvements at resolution, suggesting that 
these symptoms take longer to resolve if they initially deteriorate. The three symptoms that 
showed a worsening at resolution were weight loss, sinus pain/tenderness and school/work 
absenteeism. It is likely that these domains have a delayed prominence or ongoing occurrence 
after the initial set of symptoms and confirm that they are not a priority in initially diagnosing 
an exacerbation.  
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2.4.5 Strengths and limitations 
 
This analysis has several strengths. To date this is the first time the EMBARC criteria was 
quantitatively explored to capture exacerbations but note it has been previously used in a 
recent clinical trial (Chalmers et al., 2020). It added empirical data towards validity of the 
EMBARC criteria and showed it as a suitable method for capturing exacerbations during 
bronchiectasis clinical trials. Another major strength is the successful classification of the 
exacerbations by an independent adjudication panel that were blinded to treatment allocation 
and so reduced detection bias. The symptoms were successfully captured remotely as patient 
reported outcomes showcasing that future trials can record and assess exacerbations without 
the need for patients to attend clinic, unless further assessment is needed. In addition, this 
analysis explored additional symptom changes across the whole RSSQ confirming that the 
vast majority of important symptom changes at the start of an exacerbation are captured and 
incorporated into the EMBARC deinition. The major and most significant limitation of this 
analysis is that it was an interim analysis. This resulted in a reduced number of linked RSSQs 
at the start and end of exacerbations and so no principle components analysis could be 
performed to explore significant clusters of symptoms. To be statistically sound a minimum 
of 255 sets of complete RSSQ exacerbation records would be needed, assuming a record to 
variable ratio of 15:1 (Osbourne et al., 2004). Once more data is generated at the completion of 
the CLEAR trial, a principle components analysis could statistically validate a cluster of 
symptoms that change from baseline through to the start and end of exacerbations. This 
calculates the best discriminating components without foreknowledge about groups and 
would determine symptoms that carry the most information. Missing data was a limitation, 
especially FEV1 values that were needed for Fuch’s classifications and also linked RSSQs at 
the end of an exacerbation. This was due to instances where data was not entered onto the 
electronic case report form at the time of the call some patients during the trial did not contact 
sites when they experienced an exacerbation. As a result, extensive training and database 
changes were made to reduce this missing data. To avoid this in future analysis or trials, it is 
advisable to ensure all researchers involved in a study are regularly trained with procedures 
around the primary outcome (Mercieca-Bebber et al., 2016). Although this study aimed to 
explore remote patient reported outcomes, there is a limitation by not exploring other clinical 
based outcomes such as auscultation and hypoxia, both of which were included for discussion 
during the Delphi process. Ultimately however, it is the diagnosing clinician that treats an 
exacerbation, as predominant symptoms such as severe tachypnoea, haemoptysis or acute 
respiratory failure could be experienced without the full EMBARC criteria. Patient and staff 
views were not formally collected or collated on the exacerbation process at this stage of the 
trial as views from these individuals involved in the conduction of the trial would further 
determine feasibility. 
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2.4.6 Implications for trial methodology and future research 
 
As a novel pragmatic trial method, this remote implementation of the current EMBARC 
criteria as a primary and patient reported outcome is feasible. Symptoms with the greatest 
increase in deteriorations corresponded to those criteria captured in EMBARC. No major 
issues were identified and RSSQ questionnaires were conducted successfully over the 
telephone when patients called sites when they suspected an exacerbation. Answers were 
generated immediately, and treatment was directed and so reduced patient visits to clinic. 
This was of great logistical benefit during the COVID-19 pandemic as internationally face to 
face clinical trials and health services were greatly reduced (van Dorn 2020). In the CLEAR 
trial, this allowed for the seamless continuation of exacerbations to be assessed and resolved 
remotely, and so increasing the trend towards digital telemedicine (Duffy and Lee 2018). The 
analysis presented in this chapter drives evidence towards a standardised patient reported 
outcome set in bronchiectasis clinical trials in line with the rising acceptance of such measures 
(Mercieca-Bebber et al., 2018). This reduces patient burden whilst simultaneously potentially 
increasing patient access by reducing clinic visits related to exacerbations. Another recent 
novel patient reported outcome measure called the Bronchiectasis Impact Measure (BIM) 
explores eight domains including cough, sputum and exacerbations as part of the instrument 
and found a visual scale was feasible to capture symptoms (Crichton et al., 2020). However, 
these patient outcomes were collected via paper based forms completed by the patient and 
not via telephone.  
 
Our methodology for the primary outcome measurement in the CLEAR trial was 
implemented not only due to the recent consensus on exacerbation definition but also for 
practicality in the design of a pragmatic trial. Further research of this methodology within the 
final analysis of the CLEAR trial, as a primary outcome to compare the interventions, would 
solidify the feasibility and eventual validation of using the EMBARC criteria and help move 
towards a core outcome set for the disease, whilst ensuring that future clinical trials in 
bronchiectasis could be adequately compared, with the knowledge that primary outcomes 
were standardised. The key analysis for this would be a principal components analysis. 
Another area to further explore would be the follow up of patients after antibiotics/end of 
exacerbation as although many of the symptoms improve, they do not appear to return to pre-
exacerbation levels. In addition, research into the impact of costs would also be useful to 
explore savings against clinic visits. 

 
 

2.5  Conclusion 
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Following the results of this analysis it would be a rationale and evidence-based decision to 
use the EMBARC criteria in future bronchiectasis clinical trials for categorising exacerbations. 
The criteria was more efficient in classifying exacerbations than a conventional Fuch’s 
definition and with less missing data. Key symptoms that worsened at the beginning of 
exacerbations were captured by the questions of the RSSQ and corresponded to relevant 
EMBARC domains, however many of these symptoms did not return to pre-exacerbation 
levels at resolution. In addition, exacerbations could be assessed remotely providing cost and 
time benefits to both trialists and patients. This empirical data brought together with the 
expert consensus in 2017 justifies use of this definition for future clinical trials and provides a 
standardised clinical trial end point.   
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3 Chapter 3: Unsupervised home spirometry using patient led 
technology 

 
3.1  Introduction 
 
Measurements of lung function give an indication of the degree of airflow obstruction and 
disease severity in bronchiectasis (Pasteur et al., 2010). Traditionally, spirometry is performed 
when a patient is in clinic under the supervision of a trained healthcare provider and 
according to standard criteria (Moore 2012; Graham et al., 2019). Technological advances in 
spirometers have increased the opportunities for home monitoring and low-cost portable 
devices are now available for use by patients independently outside of the clinical trial setting. 
This remote monitoring can allow for more pragmatic trial design and include aspects around 
virtual visits. This has been accelerated by the COVID-19 pandemic where many trials and 
routine clinical services have strongly recommended the use of remote visits and assessments 
where possible (Quer et al., 2021; Hartman et al., 2020) with a Cochrane review into remote 
rehabilitation for chronic respiratory disease found outcomes similar to clinic-based 
rehabilitation (Cox et al., 2021). As the current pandemic was unprecedented, it is important 
to ensure that remote assessment is valid and as effective as an in-person procedure where a 
patient comes into clinic. Recent studies in various respiratory conditions have found home 
spirometry monitoring feasible, indifferent to hospital readings and clinically informative 
(Russell et al., 2016; Moor et al., 2018; Rodriguez-Roisin et al., 2016; Shakkottai and Nasr, 2017). 
These studies are summarised in detail further within this chapter. Also, acute changes to lung 
function have been regarded as a key symptom of a bronchiectasis exacerbations in some 
older definitions as discussed previously in Chapter 2 (O'Donnell et al., 1998), however the 
empirical evidence for this is limited with only two known studies exploring spirometry 
changes before exacerbation (Guan et al., 2014; Brill et al., 2015). This chapter explores home 
spirometry and its prediction capability for exacerbations.  
 

3.1.1  Spirometry and lung function tests 

 
As per the European Respiratory Society (ERS) and American Thoracic Society (ATS), 
spirometry is the term given to the series of lung function tests that measure the total air that 
is expired and inspired with maximal effort (Moore 2012; Graham et al., 2019). Four commonly 
used measures that are derived from spirometry are the forced expiratory volume in 1 second 
(FEV1), forced vital capacity (FVC), forced expiratory flow (FEF25–75) and peak expiratory flow 
(PEF). FEV1 is the amount of air exhaled in one second after full inhalation. FVC is the total 
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amount of air that is exhaled after full inhalation. FEF25–75 is the mean forced expiratory flow 
between the 25% and 75% of the FVC. PEF is the maximum speed of expiration.  
 
Conventionally, both the clinician and the patient have each been required to complete what 
is regarded as “high quality” spirometry. Ruppel and Enright (2012) highlight “There are 3 
key elements to obtain high quality pulmonary function data: accurate and precise 
instrumentation, a patient/subject capable of performing acceptable and repeatable 
measurements”, with a large focus on the clinician to motivate the patient during the test. In 
addition to encouraging the patient to exhale fully, the clinician would also have technical 
knowledge of optimum procedures such as sterilisation, device calibration, patient seating 
position and removal of tight clothing. In quantitative terms, ‘quality’ of FEV1 and FVC 
spirometry is regarded as 3 to 8 spirometry readings where the difference between the largest 
and the next largest value is ≤0.150L in addition to meeting various calibration criteria to 
ensure verification between flow or volume measured by sensors and the actual flow or 
volume (Graham et al., 2019). However, more recently, portable spirometers with simpler 
operating procedures and automatic calibration have become widely available. With proper 
patient training, spirometry has the potential to be mass performed, both within and outside 
clinical trials, without the need for clinician supervision, and could be done by the patient at 
home.  
 

3.1.2 Scoping search of home spirometry in chronic respiratory diseases 

 
In contrast with the rise in home spirometers, there have been relatively few studies that have 
explored the agreement between home and clinic spirometry. A scoping search in PubMed 
up to August 2020 found nine studies that included population with a chronic respiratory 
lung disease. Three studies involved mixed populations, two asthma, two IPF, one COPD and 
one CF. No studies included patients with bronchiectasis. The studies ranged in size from 10 
to 2161 patients with eight studies published from 2016 onwards, showing the recency of the 
research area. Eight studies measured FEV1, five FVC, two PEF and one FEF25–75. Eight studies 
completed a Bland-Altman analysis on the measurements. Six studies stated that devices were 
used in accordance with ATS/ERS standards for quality criteria including ensuring 
repeatability criteria. Only one study measured all FEV1, FVC, FEF25–75 and PEF. Three studies 
measured patient adherence to home spirometry. Four studies mentioned specific challenges 
in relation to the home spirometers. Table 18 summarises details and methods of all the 
studies found. 
 
Although the nine studies all explored the use of home spirometers, only four of these were 
longitudinal studies in adults that measured home spirometry outside of the clinic without 
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supervision (Kerwin et al., 2019; Russell et al., 2016; Rodriguez-Roisin et al., 2016; Moor et al., 
2018). Across these four studies where spirometry was unsupervised, FEV1 was measured in 
three (Kerwin et al., 2019; Russell et al., 2016; Rodriguez-Roisin et al., 2016) and FVC in two 
(Russell et al., 2016; Moor et al., 2018). Both FEV1 and FVC showed strong positive correlations 
and good agreement between readings with home spirometry measuring less than clinic in all 
studies within acceptable clinical ranges. Adherence to home spirometry was measured in 
two studies as greater than 70% (Rodriguez-Roisin et al., 2016; Moor et al., 2018). Although the 
five other studies also had spirometry completed on a home/portable spirometer, the results 
are confounded by the supervision of a clinician. These crossover studies give an idea of 
performance under ideal conditions but do not represent real world studies exploring what 
would happen when the patient completes spirometry on their own. Of these studies, three 
measured mean differences between home and clinic spirometers and all recorded lower 
readings on the home spirometer. All five studies showed strong positive correlations 
between home and clinic readings. 
 
Table 18: Summary of past studies investigating patient led and clinician led spirometry. Those marked with asterisks (*) 
are longitudinal adult studies where spirometry was truly unsupervised by the patient at home. Arranged alphabetically. 

Study and 
spirometer 

Size and duration Clinical 
Population 

Mean 
age 

Parame
ters 
measur
ed 

Quality 
Criteria 

Challenges of 
home 
spirometer 

Bland-Altman 
(MD & 95 CI) 

Correlation 
 

Adherence 

Brouwer 2007 
(Koko Peak Pro) 

50 children. 
Crossover, 
supervised 
home (Spiro 
PD®) vs 
supervised 
clinic 
spirometry 

Asthma 10.8 FEV1 
PEF 

Patients 
trained 
to 
ERS/ATS 
standard
s. 
 

Lack of 
visual 
feedback on 
home 
spirometer 
and lack of 
daily 
calibration 

FEV1= 0.06L 
(0.02–0.10) 
PEF= 22L/min 
(14–30). 
 
Significantly 
lower on home 
spirometer 

FEV1= 0.99 
PEF= 0.95 

Not 
applicable 

Du Plessis 2019 
(NuvoAir) 

200 patients. 
Single day 
supervised 
crossover 
design using a 
portable and 
desktop 
spirometer. 

Mixed- 
Healthy 
volunteers
, Asthma 
and COPD 

42.2 FEV1  
FVC 

ERS/ATS 
standard
s. 
 

None 
mentioned 

FEV1= 0 (–35mL 
to +35mL). No 
significant 
difference. 
 
FVC= –0.128L (–
70 mL to 
+45mL). 
Significantly 
lower on home 
spirometer but 
no clinical 
difference. 

FEV1: 
r=0.951. 
 
FVC: 
r=0.955  
 
 

Not 
measured 

Exarchos 2020 
(NuvoAir) 

200 patients. 
Single day 
supervised 
crossover 
design using a 
portable and 
desktop 
spirometer. 

Mixed- 50 
patients 
each 
including 
COPD, 
interstitial 
lung 
disease, 
healthy 
controls 

Not 
report
ed 

FEV1 
FVC 
FEF25–
75  
PEF 

ERS/ATS 
standard
s. 
 

None 
mentioned 

Values not 
reported, only 
viewable on 
plots.  
 

FEV1= 0.976 
 
FVC= 0.963 
 
FEF25–75 = 
0.953 
 
PEF= 0.922 

Not 
applicable 
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*Kerwin 2019 
(Asthma Monitor 
3) 

425 patients as 
part of a larger 
trial comparing 
home and clinic 
spirometry over 
eight weeks. 

Asthma  Not 
report
ed. 
Range 
12-81 

FEV1 None 
mentione
d 

No FEV1 
readout 
from home 
spirometer 

FEV1= -217ml 
(CI not 
reported) 
 
Lower on home 
spirometer 

FEV1: r = 
0.8393 (all 
ages) 
 
r = 0.9 (age 
12-17) 

Not 
measured 

*Moor 2018 
(MIR Spirobank) 

10 patients. 
Daily home 
spirometry vs 
clinic for 4 
weeks. 

Idiopathic 
pulmonar
y fibrosis 

71 FVC Patients 
trained 
to 
ERS/ATS 
standard
s 

Increased 
coughing 
when using 
home 
spirometer 

FVC= Not 
reported (− 0.61 
to 0.90 L) 
 
Lower on home 
spirometer 

r = 0.94 98.8% 

Ramos Hernández 
2018 
(NuvoAir) 

200 patients. 
Single day 
supervised 
crossover 
design using a 
portable and 
conventional 
spirometer. 

Mixed- 
mainly 
COPD and 
asthma 

57  FEV1  
FVC 

ERS/ATS 
standard
s. 
 

None 
mentioned 

FEV1=8.45ml (-
18 to 35) 
 
FVC= 77.95ml  
(CI 95%: 38 to 
117) 
 
Lower on home 
spirometer 

FEV1: r = 
0.97 
 
FVC: r = 
0.96 

Not 
measured 

*Rodriguez-Roisin 
2016 
(EasyOne) 

2161 patients. 
52 weeks. 
Unsupervised 
home vs 
supervised 
clinic 
spirometry. 

COPD 63.6 
 

FEV1 Patients 
trained 
to 
ERS/ATS 
standard
s 

None 
mentioned 

FEV1= −0.05 L 
(−0.37 to 0.27 L) 
 
Lower on home 
spirometer 

Not 
measured 

72.7% 

*Russell 2016 
(CareFusion 
Micro) 

50 patients. 
Daily home 
spirometry vs 
clinic for 490 
days. 

Idiopathic 
pulmonar
y fibrosis 

66.7 FEV1  
FVC 

None 
mentione
d. 

Patients 
were not 
trained to 
ERS/ATS 
standards. 
Patients 
performed 
only once 
reading per 
measureme
nt.  

FEV1= 0.20L 
(−0.35 to 0.75 L) 
 
FVC= 0.20L 
(−0.28 to 0.68 L) 
 
Lower on home 
spirometer 

Not 
measured 

Not 
measured 

Shakkottai 2018 
(a Spiro PD®) 

39 children. 1 
year long. 
Unsupervised 
home (Spiro 
PD®) vs 
supervised 
clinic 
spirometry 

CF 15.9 FEV1 Patients 
trained. 
Unknown 
standard
s. 

None 
mentioned 

Not measured FEV1: ICC = 
0.8393 

59.47 ± 
24.60% 

 
 

3.1.2.1  Details of longitudinal studies (n=4) 
 
The largest longitudinal study followed 2161 severe COPD patients comparing daily 
unsupervised home spirometry to that completed in clinic at four time points for FEV1 
(Rodriguez-Roisin et al., 2016). The highest readings of three blows each day was selected 
giving a total of 6720 records for analysis. The Bland-Altman plot of the comparisons showed 
home spirometry measured slightly less than clinic. Adherence was acceptable at 72.7%. This 
one large study suggests unsupervised home spirometry is feasible in COPD patients.  
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Another large longitudinal study was in asthma patients as a substudy within a clinical trial 
and determined the relationship between supervised spirometry in clinic and unsupervised 
spirometry at home (Kerwin et al., 2019). 425 patients were enrolled and attended four in-clinic 
visits every two weeks. The home spirometer was programmed to record the weekly average 
of the highest of three valid FEV1 attempts per day. FEV1 measurements at each post-baseline 
clinic visit were compared to the weekly average of daily morning FEV1 by handheld 
spirometer using 7-day windows at Weeks 2, 4 and 6. There was a high overall correlation 
with overall home FEV1 measuring lower than clinic readings. A subgroup analysis of 21 
patients aged 12 to 17 also found a high correlation with a Bland-Altman showing a mean 
difference of -217ml indicating FEV1 was measured lower on home readings. The lower 
readings of home FEV1 measurements as compared to in-clinic FEV1 are possibly due to early 
morning home readings, when asthma is clinically nadir.  The results of this asthma study 
suggest that although unsupervised home spirometry in adults is feasible, further research is 
needed to support paediatric use.  
 
The two smaller longitudinal studies in IPF were both in adults. The first explored FEV1 and 
FVC captured by home and clinic spirometers for 50 patients at one site (Russell et al., 2016). 
Clinic measurements were taken at baseline, 6 and 12 months. In order to compare home 
readings to clinic readings, the mean of all the daily readings recorded by subjects during the 
first seven days of the study were compared with the clinic readings obtained at baseline. This 
gave 50 unique matched results each for FEV1 and FVC. The mean difference for both FEV1 
and FVC were greater in the clinic measurements at baseline and at six months. The authors 
did not include maximum and minimum boundaries of clinical importance but concluded 
there was good agreement. Patients reported daily home spirometry was easy and on average 
patients completed it four out of every five days. One major challenge was that some patients 
reported distress over seeing their lung function deteriorate over time during the study. The 
authors conclude that even with the underestimation of home parameters, it did not have any 
subsequent effect of the predictive models assessing disease progression through repeated 
home measurements. The second IPF study was a small home spirometry monitoring 
program (Moor et al., 2018). This 4-week study of 10 patients involved patients completing 
daily unsupervised home spirometry for 28 days along with hospital spirometry at baseline 
and at the end of the study. The value for hospital FVC was the mean of the hospital-based 
FVC at baseline and after four weeks. The value for home spirometry was determined as the 
mean of 28 home FVC readings. A Bland-Altman plot showed agreement with overall lower 
readings for home spirometry. Nine of the ten patients did not find daily home spirometry 
burdensome, and patients did not have an issue with seeing their FVC results and adherence 
to home spirometry was excellent. The study also identified some barriers to home spirometry 
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in this population. These included no internet access for real time home monitoring, difficulty 
for patients using a handheld spirometer and a problem of patient coughing. These two 
studies, despite the small sample size, show that home monitoring and spirometry of IPF 
patients has potential. 
 
There are currently no published studies involving the PARI mySpiroSense or SpiroSensePro 
spirometers. However, alongside the ongoing study in bronchiectasis in the CLEAR trial that 
is reported in this chapter, two further studies are ongoing with idiopathic pulmonary fibrosis 
patients (Correspondence with PARI, 2020). 
 
 
3.1.2.2 Details of crossover studies (n=5) 
 
The three studies that involved mixed clinical populations were all single day crossover 
designs involving NuvoAir spirometers (Ramos Hernández et al., 2018; Du Plessis et al., 2019; 
Exarchos et al., 2020). NuvoAir is a Swedish biotech startup that has developed an FDA 
approved spirometer for use in CF and asthma patients. The three study populations included 
patients with asthma, COPD, interstitial lung disease and healthy volunteers. All three studies 
each involved 200 patients with mixed underlying respiratory conditions and compared the 
NuvoAir device to a conventional desktop spirometer. Patients completed spirometry on both 
devices in the same day under supervision from a Respiratory Nurse Specialist. All the 
NuvoAir studies showed strong correlation between the mobile and conventional spirometers 
for both FEV1 and FVC along with good agreement on Bland-Altman plots. The first study by 
Ramos Hernández (2018) was across two centres and the authors concluded that the device 
can be used for individual monitoring at home. For the second study by Du Plessis (2019), the 
mean differences for FVC on Bland-Altman were statistically significant but not clinically 
significant (differences of <100 mL). The third study by Exarchos et al. (2020), however did not 
report mean differences for the Bland Altman plots or the 95% Cls. The authors noted, “In all 
cases we observed a small mean difference between the two devices, with the majority of 
measurements being well within the limits of agreement (LoA). These plots support a good 
agreement between the two devices”. Following the NuvoAir studies, their devices have been 
used to support subsequent studies in respiratory medicine (Hausen, 2019 & Rutkove et al., 
2019). 
 
A crossover study was in children with asthma (Brouwer et al., 2007). This paediatric study 
explored FEV1 and PEF completed on a home spirometer compared to a conventional 
Pneumotachograph in 50 children aged 6 to 17 years. Both PEF and FEV1 were significantly 
lower on the home spirometer than on the Pneumotachograph. However, the home 
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spirometry was still completed in clinic under the supervision of a technician and only one 
single spirometer was used for all 50 children.  
 
Another paediatric, year-long study of 39 CF children (Shakkottai et al., 2018) explored 
adherence to home spirometry. Each patient was instructed to perform spirometry once a 
week at home during the study. Adherence was monitored using prescription data and not 
electronically via the spirometer. Mean adherence to weekly spirometry was 59.5%. This study 
also found good intra-class correlation between home and predicted clinic FEV1 values. No 
Bland Altman analysis was performed between the values. 
 

3.1.2.3 Summary of review 
 
This review highlights a number of evidence gaps for home spirometry and although these 
studies are in chronic respiratory conditions, as noted there are longitudinal studies lacking 
in some chronic conditions, such as bronchiectasis. First, there is no validation of remote 
spirometry for PEF or FEF25-75 and only one study in which both FEV1 and FVC were explored 
simultaneously. Second, there are no studies that measured correlation longer than 8 weeks. 
Third, there are no longitudinal studies involving cystic fibrosis or bronchiectasis. Fourth, 
only two longitudinal studies specifically mentioned training of patients to ERS/ATS 
standards. This chapter therefor seeks to explore the feasibility of home spirometry in patients 
with bronchiectasis and attempts to address a number of these evidence gaps. 
 
 
3.1.3 Advantages to home spirometry 

 
In clinical trials, the potential for spirometry to be undertaken unsupervised and outside the 
clinic by patients has many positive aspects and, as highlighted in Chapter 1, there is 
continuing growth for such assessments (Florence 2020). Firstly, the advantage is reduced 
travel time for patients to come into clinic for their visit. This is especially true for respiratory 
patients who live in remote geographic areas and do not have easy access to clinical trial 
centres (Wood, 2017).  A second advantage is the potential for greater amounts of patient data 
that provides richer datasets for real word evidence studies of efficacy and patient behaviour. 
For example, spirometry could be done more frequently at home than in the clinic, generating 
more data to explore individual characteristics and predictors such as the response to new 
therapies or daily patterns. The third advantage is financial savings for the clinical trial as any 
reduction to in-clinic assessments and time spent in clinic during patient visits saves money 
(Ketchell, 2018). This cost saving is mainly attained from a reduced need for clinician 
requirement and reduced physical clinic use. This also frees up clinician time that could be 
directed towards other work. However, there may be additional costs to providing individual 
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spirometers to all patients and for maintenance of these spirometers. The price for a medical 
grade home spirometer is approximately £500, and can be reused for multiple trials. Other 
advantages from the patient perspective are that the increased data generated could lead to a 
more personalised and targeted approach to their care.  
 
 

3.1.4 Challenges to home spirometry 

 
Challenges related to the home spirometer found in the scoping review included adherence, 
lack of self-calibration and a lack of patient training. The addition of adding daily or even 
weekly spirometry could be an additional burden alongside their regular medications, 
especially those that are time consuming to complete, such as routine nebulisation of inhaled 
medications Moor et al., 2018). The additional requirement of completing lung function may 
result in patients being less adherent to routine medications, which, in clinical trials, may 
mean that they are less adherent to the trial interventions (McCullough et al., 2015). To ensure 
calibration and patient usability it is important to use self-calibrating devices and adequately 
train patients how to use the spirometer unassisted, with possible reminders on when to do 
spirometry. 
 
Another challenge, related to adherence, is the potential for patients with chronic diseases 
being shown the results of their spirometry each time it is completed. If they view incremental 
decreases daily or weekly, this might cause psychological distress and also result in non-
adherence to spirometry. This may result in various forms of self-treatment by the patient 
such as increasing their dosage to prescribed medications (Bennadi, 2013), and introduce co-
intervention bias into the trial (Sackett, 2011). This distress might also make patients more or 
less likely to contact sites or increase the likelihood of their withdrawal from the clinical trial. 
Another important challenge is the lack of validation and research into unsupervised 
spirometry for population groups with bronchiectasis or CF. 
 
 
3.1.5 Previous studies investigating lung function as a predictor of exacerbations 

 
Although there has been extensive research exploring the relationship of FEV1 and FVC to 
exacerbation frequency in chronic respiratory diseases including COPD and asthma 
(Seemungal and Wedzicha 2014; Bateman et al., 2015), there is limited research exploring the 
real time changes preceding the onset of an exacerbation or at resolution. A few studies in CF 
have explored the home monitoring of lung function as a detection for exacerbations. One 
study provided 37 children with a home spirometer to test lung function three times a week. 
The study found no significant decline in FEV1 in the four weeks before an exacerbation, 
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however, FEV1 at the start of the exacerbation was lower in the exacerbation group compared 
to the group that did not experience any exacerbation (van Horck et al., 2017). Another larger 
study explored the detection of exacerbations using home spirometry compared to clinic 
spirometry in 267 CF patients. Patients were randomised to home spirometry that was twice 
weekly or a usual clinic visit that was five visits over a 52 week period. There was no difference 
in 52-week mean change in FEV1 (primary outcome) with the home spirometry group 
detecting more exacerbations (Lechtzin et al., 2017). To date only one study explored 
exacerbations in patients with bronchiectasis using home spirometers (Brill et al., 2015). The 
study only explored PEF and found a significant decrease before an exacerbation. It is noted 
however that there is a general lack of specific predictors of exacerbations in bronchiectasis 
(Chalmers et al., 2018).  
 

3.1.6 PARI Spirometers 

 
PARI has recently released the innovative SpiroSense system which consists of self-calibrating 
spirometers. The first component of the system is the SpiroSensePro spirometer which is 
designed for “in clinic” use and lung function measurements are automatically evaluated in 
accordance with the standards of the American Thoracic Society (ATS) and the European 
Respiratory Society (ERS) (Graham et al., 2019). The second component of the system is the 
mySpiroSense spirometer. It is a lightweight, portable handheld spirometer designed to be 
used by patients unsupervised and so allows for spirometry to be conducted at home, outside 
of clinic visits. The key advantage of the mySpiroSense is that it is easy to use by both clinicians 
and patients and does not require a high level of technical ability. Spirometry data is stored 
in the mySpiroSense device and can be read directly from the device. It also can be imported 
into the SpiroSensePro software via the USB interface and be read and displayed aesthetically 
alongside SpiroSensePro spirometry data, when the device is brought into clinic. One key 
difference between the two systems is that ATS/ERS QC (quality criteria) is automatically 
applied to the SpiroSensePro measurements as the device can store previous records of serial 
blows. Further details regarding the spirometers and their operation are detailed in the 
Methods of this chapter. 
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3.1.7 Aims 
 
This study explored the use of mySpiroSense for remote spirometry during periods of stability 
(weekly measurements and measurements on the morning of study visits) and at the start and 
end of exacerbations in adults with bronchiectasis. Aims were to: 
 

1. Explore any difference in lung function parameters of home spirometry compared to 
spirometry completed on the same day in clinic, for both QC and non-QC data. 

2. Explore patient adherence to weekly home spirometry. 
3. Explore the overall quality of home spirometry.  
4. Explore changes in home spirometry at the start of an exacerbation and on resolution 

of an exacerbation and if lung function can be used as a predictor for exacerbations.  
 

 
3.2 Methods 
 
The methodology and data collection for this analysis was embedded in the CLEAR trial. Two 
types of spirometers were used: the mySpiroSense for patients unsupervised spirometry at 
home and the SpiroSensePro for clinic spirometry under clinician supervision. During the 
trial, spirometry was conducted at the four following time points: 
 

1. Weekly: Throughout the trial, all patients were advised to complete spirometry at 
home on a weekly basis using the mySpiroSense, conducting three readings around 
the same time of day (and, where possible, after morning airway clearance treatments). 

2. On the day of study visits:  Patients were asked to complete home spirometry on the 
morning of scheduled visits using the mySpiroSense before coming into the clinic. 
Patients then completed clinic spirometry during their study visit using the 
SpiroSensePro device under the supervision of a clinician. 

3. At the beginning of an exacerbation: Upon a patient telephone call suspecting an 
exacerbation, the study staff instructed patients to complete a home lung function test 
using the mySpiroSense. Pulmonary exacerbations were recorded throughout the 
CLEAR trial and scored according to the EMBARC criteria (Hill et al., 2017). The 
process for capturing exacerbations is fully detailed in Chapter 2, section 2.2.4.  

4. At the end of an exacerbation: Upon a patient telephone call at the end of an 
exacerbation, the study staff instructed patients to complete a home lung function test 
using the mySpiroSense.  
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The SpiroSensePro evaluates the quality of measurements to the standards of the ATS/ERS, 
that include assessment of: 
 
1. Start-of-test: whether the patient exhaled rapidly and powerfully enough. 
2. End-of-test: whether the patient exhaled for long enough. 
3. Forced vital capacity (FVC) repeatability: three acceptable measurements must be 

available in which the difference between the largest and next largest forced vital 
capacity per second is <150ml. 

4. Forced expiratory volume in 1 second (FEV1) repeatability: three acceptable 
measurements must be available in which the difference between the largest and next 
largest capacity per second is <150ml. 

5. Calibration: indicates whether the automatic calibration of the device was successful.  
 
Predicted values, percent predicted and Z scores are displayed for SpiroSensePro 
measurements and use the global lung function 2012 equations (Quanjer et al., 2012), with the 
exception of peak expiratory flow (PEF), FEF25 and FEF50, which use reference values from the 
European Coal and Steel Community (ECSC/EGKS) in 1993 (Laszlo, 1993) or the 1987 
(Zapletal et al., 1987) and 2003 (Zapletal & Chalupova, 2003) reference value studies. 
 
The mySpiroSense includes an innovative traffic light display system to provide the patient 
with visual feedback individually adjusted for the patient’s expected value. For mySpiroSense, 
a lung function parameter is selected and a predicted value for that patient is stored in the 
device.  A marker appears in the traffic light area of the display screen indicating the 
percentage of expected value reached: >80% of expected value shows a green light; 60% to 
80% of expected value shows an amber light; <60% of expected value shows a red light. 
Expected values for patients can be set from predicted values based on the Quanjer (2012) 
lung function equations, personal best values or custom values that are freely selectable. For 
the CLEAR trial, the expected value was set as the patients’ personal best of FEV1 performed 
at baseline. The mySpiroSense lung function readings are then retained in the device memory. 
Patients brought their mySpiroSense to each study visit and the data was imported to 
computers on site. Local site staff sent pseudonymised spirometry data securely to PARI, 
which was then made available to Queen’s University Belfast for analysis.  
 
All data analysis in this chapter is from the beginning of the CLEAR trial (27th June 2018) to 
the period ranging 10th September 2019- 13th December 2019. This range for the end period is 
due to sites uploading the requested data at different dates. 
 



 
 

Page 97 of 340 
 

3.2.1 Statistics 
 
Spirometry parameters for analysis included FEV1, FVC, FEF25-75% and PEF. The comparison of 
home and clinic spirometry (mySpiroSense versus SpiroSensePro measurements) were 
analysed using the Bland–Altman method. The comparison used the reading on clinic days 
and the best of three measurements from the home spirometry conducted on the same day. 
Appropriate descriptive statistics were used throughout to summarise adherence to weekly 
home spirometry and level of quality of home spirometry data. Parametric/non-parametric 
statistics were applied to compare changes in spirometry at the start and end of exacerbations. 
Linear mixed effects models were used to investigate the impact of changes in lung function 
on the likelihood of an exacerbation with a time dependent Cox proportional hazards model, 
if suitable. The statistical programme R (www.r-project.org) and its associated user interface 
R Studio were used for the analysis of the spirometry data. The following sections describe 
the data manipulation for each raw dataset received from sites. These methods summarise 
only the key steps for analysis using FEV1. These methods were the repeated for each site for 
the other parameters FVC, FEF25–75 and PEF. The full R script for all these methods is available 
in the Appendix. The analysis and R development was undertaken with guidance from a 
statistician. 
 

3.2.2 Aim 1 R methods and analysis: Differences in home and clinic spirometry 
 
3.2.2.1  Importing and tidying data 

Each site uploaded an Excel file via the PARI SharePoint that contained Spirosense Home and 
Pro data on separate sheets. For each site, the sheets were separately exported and saved as 
.txt files for efficient loading in R. The .txt files for Home and Pro were imported into R using 
the read.csv function with a site location variable “HOME” added. The two dataframes, HOME 
and PRO, were bound together to create one dataframe using the function dplyr::bind_rows. 
This retains all the variables from both dataframes and replaces missing/empty data with 
"NA". The variables that were not needed for the analyses in this chapter were removed from 
the dataframe, leaving 11 relevant variables. For each site, test patients and associated data 
were removed from the refined dataframe.  

 
3.2.2.2  Formatting Date and Time 

The date and time were not in Coordinated Universal Time (UTC) format and so a series of 
steps were used to produce usable date and time variables in the dataframe using the substr, 
sapply and strsplit functions. PRO and HOME measurements were then extracted into separate 
dataframes, using the function subset. 
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3.2.2.3  Matching refined dataframes and selecting the best parameters 

The two individual dataframes were matched by the variables “PATIENT_ID” and “Date” 
using the function inner_join. This created a new dataframe and excluded any unmatched 
data, only keeping lung function data that has a Home and Pro value on the same day. The 
best values for each lung function parameter were determined from the Home and Pro 
dataframes using the top_n function. 

 
3.2.2.4  Matching PRO and Home values 

The best Pro values for each patient were then matched to corresponding home values using 
inner_join. If the protocol had been fully followed by staff and patients without issue then in 
theory, 100% patient adherence means there should be a matched Home value for every Pro 
measurement. Matched implies they were done on the same day by the patient (i.e. Home 
spirometry in the morning and PRO later in clinic). Summary statistics for each parameter 
were calculated, using the summary function. Boxplots of both the Home and Pro data were 
produced using the boxplot function. Histograms assessed each dataset for normality for 
Pearson’s correlation. 

 
3.2.2.5  Bland Altman 

The Bland-Altman plots were manually created in R as no reliable package or function was 
available. The following steps were taken to calculate differences in litres: 

1. Differences were calculated between matched PRO and Home spirometry 
measurements. 

2. The overall mean difference of matched Home and PRO measurements was 
determined in L and as a percentage difference. 

3. The overall means of PRO/Home and standard deviations with 95% limits of 
agreement (LoA) calculated. 

4. A single dataframe for each parameter was created. 

The final plot was constructed within the function ggplot with intercepts for the mean 
difference, regression line with upper and lower LoA added. Datasets for each site’s 
parameters were exported and combined for an overall analysis. Percentage difference plots 
were also created for each parameter. 

 

3.2.3 Aim 2 R methods and analysis: Adherence to home spirometry 
 
The dataset loaded for analysis was the combined raw home spirometry from all sites. 
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3.2.3.1  Categorising weekly spirometry 

A dataframe was created where patient adherence was categorised as compliance to 
spirometry within a 7-day period, in which three blows were done within one day in the seven 
days. Another dataframe was then created in which weeks were sequenced from start date to 
end date for each patient. This is the cumulative number of weeks each patient had been in 
the trial. The two dataframes were merged, joining all cumulative weeks a patient was 
enrolled to the actual spirometry dates using the function full_join. Distinct adherence 
categories were subgrouped as ≥3, 2, 1 and 0 blows per each weekly period. 

3.2.3.2  Comparing expected and actual patient spirometry 

The total number of weeks of full spirometry adherence between the start and end date for 
each patient was determined, then the total number of weeks adherence was >3 and 3 was 
calculated. A new dataframe combined total and actual weeks and calculated the percentage 
difference between actual and expected adherence for each patient and overall patient 
spirometry summarised. 

3.2.3.3  Visualising patient (weekly block) adherence 

A bar chart of total percentage adherence for all sites was created using ggplot along with 
charts of each individual site. A chart was also created comparing mean percentage difference 
in actual and predicted spirometry across all sites. 

 
3.2.4 Aim 3 R methods and analysis: Quality of home spirometry 

The dataset used for this analysis was the combined home spirometry from all sites. The 
parameters selected for this analysis were FEV1 and FVC. Date and time were transformed 
into UTC format to allow for subsequent analysis in this script. This was done using the 
functions substr and strsplit, as described previously for Aim 1.  Some other variables were 
coerced into the correct format and any test records excluded. The below are for FEV1 and 
were repeated for FVC. 

3.2.4.1  FEV1 analysis 

The number of spirometry records that were within 0.150L of each other was determined. The 
highest two FEV1 values for each patient were selected using the functions arrange, group_by 
and topn and FVC variables were removed from the dataframe. 

3.2.4.2  Calculating difference between FEV1 values 

For FEV1 records on the same day, the differences in FEV1 values were calculated and added 
as new variables using the functions lag, lead and coalesce. 
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3.2.4.3  Excluding values with difference greater than 0.150L 

Records where the top two FEV1 values had a difference greater than 0.150L were excluded 
from the dataset as they do not meet quality criteria for reproducibility (Graham et al., 2019). 
The higher value was then selected from the top two that were within the 0.150L range using 
the functions group_by, filter and top_n.  

3.2.4.4  Number of individual patients with FEV1 records 

The number of lung function tests per individual patient per day was determined by 
coalescing the variables patient ID and date using the function group_by and then summarize.  

 
3.2.5 Aim 4 R methods and analysis: Spirometry in relation to exacerbations 

Two CLEAR trial datasets were used to create a listwise analysis and linear effects model: one 
dataset contained details of all exacerbations in the CLEAR trial and the other contained all 
combined home spirometry data from the trial. Before these datasets were imported into R, 
dates were converted to numeric in Excel to form a new variable with missing data removed. 
Data were then imported using read.csv. The following packages were used: nlme, CorrMixed, 

dplyr, ggplot2 and data.table. These analyses would determine if the home spirometry 
measurements collected before an exacerbation could predict its subsequent occurrence. This 
would look for changing trend in FEV1 values over time to exacerbation.  

3.2.5.1  Creating and plotting a listwise regression 
 
The largest FEV1 value was selected based on each patient ID and date, and exacerbations 
were sorted for each patient using the function order. The first exacerbation was determined 
by grouping by patient ID and filtering by exacerbation start date. FEV1 records that occurred 
28 days or less before the exacerbation were determined using the function merge and then 
linking exacerbation start date to FEV1 dates within a 28-day period. Observations were sorted 
by time from exacerbation using the function order (28 days is time of exacerbation). The plot 
was created using the ggplot package. For regression modelling individual patient regressions 
were generated using lmList using a listwise deletion for data as only patients with at least 
three days of FEV1 readings were included. The analysis was modified and repeated for  
patients that had a second exacerbation.  
 

3.2.5.2  Linear mixed effects model 

A linear mixed model (LME) was run based on data from 39 days (35 for FVC) before an 
exacerbation. The LME would explore to what degree lung function changes in the time 
leading to an exacerbation and if there is a trend. A mixed regression model was most suitable 
and therefore used rather than a simpler linear regression with a listwise deletion of missing 
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values, as LME does not assume every participant has the same intercept and slope (linearity) 
nor assumed all the measurements were independent, which ignores the within-subject 
correlation (Winter 2013), as each patient had at least three FEV1 readings. The LME considers 
both fixed and random effects. The model was constructed using the function lme. Should the 
model not converge, additional controls with the lme package would be modified with an 
unconstrained optimisation and increased iterations.   
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3.3 Results 
 
3.3.1 Aim 1: Differences in home and clinic spirometry 
 
This aim first explored any difference in lung function parameters of home spirometry that 
met QC compared to clinic spirometry completed on the same day. Second, it compared non-
QC home spirometry to clinic spirometry. 
 
3.3.1.1  QC Data 
 
The first series of results and analyses contain only Pro data that met quality criteria as defined 
in the methods (ATS/ERS definitions). This is only available for FEV1 and FVC and, as 
expected, is less than the number of matched values from the non-QC analysis (Section 
3.3.1.2). This is equivalent to 85.5% of all FEV1 values and 74.3% of all FVC values (Table 19). 
 
Table 19: Number of individually matched FEV1 and FVC records for each site in the CLEAR trial.  

 Matched FEV1 Matched FVC 
Site 1 28 25 
Site 2 0 0 
Site 3 9 9 
Site 4 8 8 
Site 5 12 11 
Site 6 39 34 
Site 7 52 48 
Site 8 0 0 
Site 10 15 14 
Site 11 35 26 
Site 15 10 10 
Total: 208 185 

 
 
3.3.1.1.1  FEV1 Analysis 
 
Across all sites, there were a total of 208 paired FEV1 values that could be linked to a home 
and clinic visit on the same day and met quality criteria. Table 20 shows the summary statistics 
of the FEV1 Home and Pro values including the range, mean, median and quartiles. On 
average Home FEV1 measurements were 0.045L higher than PRO.  Boxplots showed no 
significant difference overall between the two datasets (Figure 6) and both datasets showed a 
slight left skew in their histograms (Appendix). 
 
Table 20: Home and Pro summary FEV1 QC data (L). 

 Minimum 1st Quartile Median Mean 3rd Quartile Maximum 
Pro FEV1 (L) 0.729 1.606 2.138 2.244 2.764 4.331 

Home FEV1 (L) 0.585 1.605 2.148 2.289 2.886 4.568 

 



 
 

Page 103 of 340 
 

 
 

 
Figure 6: Boxplots of Pro and Home FEV1 QC values (n=208). 

 
The correlation (Figure 7) was estimated as 0.95 showing a strong positive and significant 
correlation (p-value <0.0001, t = 43.171, df = 206, 95% CI 0.93 to 0.96). Figure 8 shows the 
Bland-Altman plot. The mean difference, represented by the black line, is -0.0454L with a SD 
of -0.2696L. Upper and lower LoA, represented by the green and red lines are 0.4831L and -
0.5738L respectively. The correlation, represented by the blue line, is -0.284 is negative and 
significant (p-value <0.0001).  
 
The percentage Bland-Altman plot is in the Appendix. The mean percentage difference is -
1.646% with a SD of 13.05%. Upper and lower LoA represented are 23.92% and -27.22% 
respectively. The correlation is -0.2437 and significant (p-value <0.001).  
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Figure 7: Pearson's correlation of Home vs Clinic FEV1 QC values. 

 
 
 
 

 
Figure 8: Bland-Altman plot between Pro and Home FEV1 QC in litres. Mean difference = -0.0454L represented by 
black line. 

 
 
Overall, the FEV1 QC summary statistics, boxplots, strong linear correlation and Bland-
Altman analysis show that there is excellent agreement between Home and Pro spirometry 
with no significant differences between the measurements. On average, the Home spirometer 
records -0.0454L less than the Pro spirometer, a percentage difference of -1.65%. 
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3.3.1.1.2  FVC Analysis 
 
Across all sites, there were a total of 185 paired FVC values that could be linked to a home 
and clinic visit on the same day and met quality criteria. Table 21 shows the summary statistics 
of the FVC Home and Pro values including the range, mean, median and quartiles. On average 
Home FVC measurements were 0.036L lower than PRO measurements. Boxplots showed no 
significant difference overall between the two datasets, with one outlier in each (Figure 9) and 
both datasets showed a slight left skew in their histograms (Appendix). Outliers were not 
removed due to the small number relative to the whole dataset. 
 
Table 21: Home and Pro summary FVC QC data (L). 

 
Minimum 

 
1st Quartile 

 
Median Mean 3rd Quartile Maximum 

Pro FVC (L) 1.391 2.453 3.037 3.186 3.826 5.915 
Home FVC (L) 1.099 2.392 3.046 3.150 3.736 6.354 

 
 
 

 

Figure 9: Boxplots of Home and Pro FVC QC values (n=185). 

 
The correlation (Figure 10) was estimated as 0.92 showing a strong positive and significant 
correlation (p-value <0.0001, t = 30.754, df = 183, 95% CI were 0.89 & 0.94). Figure 11 shows 
the Bland-Altman plot. The mean difference, represented by the black line, is 0.0360L with a 
SD of 0.408L. Upper and lower LoA represented by the green and red lines are 0.8360L and -
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0.7641L, respectively. The correlation, represented by the blue line, is -0.181 is weakly negative 
yet significant (p-value = 0.013). 
 
The percentage Bland-Altman plot is in the Appendix. The mean percentage difference is 
1.148% with a SD of 13.09%. Upper and lower LoA are 26.80% and -24.51% respectively. The 
correlation is -0.2106 negligible and significant (p-value = 0.004). 
 
 

 
Figure 10: Pearson's correlation of Home vs Clinic FVC QC values. 
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Figure 11: Bland-Altman plot between Pro and Home FVC QC in litres. Mean difference = 0.0360L represented 
by black line. 

 
Overall, the FVC QC summary statistics, boxplots, strong linear correlation and Bland-Altman 
analysis show that there is excellent agreement between Home and Pro spirometry with no 
significant differences between the measurements. On average, the Home spirometer records 
0.0360L more than the Pro spirometer, a percentage difference of 1.15%. 

 
3.3.1.2  All data 
 
The second series of Aim 1 analyses are for FEV1, FVC, FEF25–75 and PEF that include Pro data 
with Pro values that did not meet the predefined quality criteria, as not fulfilling one of these 
criteria does not have any implication from a technical point of view. Summary statistics for 
each of the Home and Pro values are shown in tables, boxplots and histograms below, under 
relevant subheadings.  
 
In total, there were 11 sites that had datasets available containing both clinic and home 
spirometry data. Table 22 shows site and overall adherence for patients completing their home 
spirometry on days of clinic visits. On average 54.8% of patient completed home spirometry 
on the day of a clinic visit.  
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Table 22: Number of individually matched spirometry records for each site in the CLEAR trial. This includes all 
data. 

Site 
Number of 

individual PRO 
readings 

Number of matched 
Home reading 

% adherence of patients 
completing home spirometry 

before clinic visit 
1 57 36 63.2 

2 13 6 46.2 

3 20 11 55.0 

4 44 11 25.0 

5 18 12 66.7 

6 64 41 64.1 

7 85 54 63.5 

8 21 12 57.1 

10 42 16 38.1 

11 53 39 73.6 

15 22 11 50.0 

Total: 439 249 Mean: 54.8% 
 
 
 

3.3.1.2.1  FEV1 Analysis 
 

Across all sites, there were a total of 249 paired FEV1 values that could be linked to a home 
and Pro visit on the same day.  

Table 23 shows the summary statistics of the FEV1 Home and Pro values including the range, 
mean, median and quartiles. On average Home FEV1 measurements were 0.032L higher than 
PRO measurements. Boxplots showed here were with no significant differences or outliers in 
the two datasets (Figure 12). Histograms of the two datasets show a slight left skew 
(Appendix). Outliers were not removed due to the small number relative to the whole dataset. 
In addition, the timepoint graph shows large between patient variability across the whole time 
period (Appendix). 
 

Table 23: Home and Pro summary FEV1 data (L) (n=249). 

 Minimum  1st Quartile Median Mean 3rd Quartile Maximum  
Pro FEV1 (L) 0.729 1.613 2.178 2.273 2.787 4.403 
Home FEV1 (L) 0.585    1.607    2.223      2.305    2.886      4.568 
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Figure 12: Boxplots of Pro and Home FEV1 values (n=249). 

 
The correlation (Figure 13) was estimated as 0.94 showing a very strong significant positive 
correlation (p-value <0.0001, t = 45.258, df = 247, 95% CI 0.93 to 0.96). Figure 14 shows the 
Bland-Altman plot. The mean difference, represented by the black line, is -0.0317L with a SD 
of 0.2711L. Upper and lower LoA, represented by the green and red lines are 0.5017L and -
0.5611L respectively.  The correlation, represented by the blue line, is -0.172 which is low and 
negative (p-value = 0.0065). 
 
The percentage Bland-Altman plot is in the Appendix. The mean difference is -1.484 % with a 
SD of 13.54%. Upper and lower LoA are 25.06% and -28.03% respectively. The correlation is -
0.1436 and significant (p-value = 0.0234). 
 

 
Figure 13: Pearson's correlation of Home vs Clinic FEV1 values (n=249). 
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Figure 14: Bland-Altman plot between Pro and Home FEV1 in litres (n=249). Mean difference = -0.0317L 
represented by black line. 

 
Overall, the FEV1 summary statistics, boxplots, strong linear correlation and Bland-Altman 
analysis show that there is a very good agreement between Home and Pro spirometry with 
no significant differences between the measurements. On average, the Home spirometer 
records 0.0317L more than the Pro spirometer, a percentage difference of 1.48%. 
 

3.3.1.2.2  FVC analysis 
 
Across all sites, there were a total of 246 paired FVC values that could be linked to a home 
and clinic visit on the same day. Table 24 shows the summary statistics of the FVC Home and 
Pro values including the range, mean, median and quartiles. On average Home FVC 
measurements were 0.075L lower than PRO measurements. Boxplots showed there were no 
significant differences with just one outlier within the home dataset (Figure 15). The outlier 
was not removed due to the small number relative to the whole dataset. Histograms of the 
two datasets show a very slight left skew (Appendix). In addition, similarly to FEV1, the 
timepoint graph shows large between patient variability (Appendix). 
 
Table 24: Home and Pro summary FVC data (L) (n=246). 

 Minimum 1st Quartile Median Mean 3rd Quartile Maximum 
Pro FVC (L) 1.368    2.497    3.215     3.286    3.917      6.041 
Home FVC (L) 1.099    2.453     3.084     3.211    3.820      6.354 
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Figure 15: Boxplots of Pro and Home FVC values (n=246). 

 
The correlation (Figure 16) was estimated as 0.90 showing a strong positive and significant 
correlation (p-value <0.0001, t = 32.456, df = 244, 95% CI 0.87 to 0.92). Figure 17 shows the 
Bland-Altman plot. The mean difference, represented by the black line, is 0.0749L with a SD 
of 0.4520L. Upper and lower LoA, represented by the green and red lines are 0.9608L and -
0.811L respectively.  The correlation, represented by the blue line, is -0.0293 negligible and not 
significant (p-value = 0.65). 
 
 

 
Figure 16: Pearson's correlation of Home vs Clinic FVC values (n=246). 
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The percentage Bland-Altman plot is in the Appendix. The mean difference is -1.68% with a 
SD of 13.9%. Upper and lower LoA are 28.93% and -25.56% respectively. The correlation is -
0.0724 and not significant (p-value = 0.26). 
 
 

 
Figure 17: Bland-Altman plot between Pro and Home FVC in litres (n=246). Mean difference = 0.0749L 
represented by black line. 

 
 
Overall, the FVC summary statistics, boxplots, strong linear correlation and Bland-Altman 
analysis show that there is a very good agreement between Home and Pro spirometry with 
no significant differences between the measurements. On average, the Home spirometer 
records 0.0749L less than the Pro spirometer, a percentage difference of 1.68%.  

 
 
3.3.1.2.3  FEF25-75 
 
 
Across all sites, there were a total of 210 paired FEF25-75 values that could be linked to a home 
and clinic visit on the same day. Table 25 shows the summary statistics of the FEF25-75 Home 
and Pro values including the range, mean, median and quartiles. On average Home FEF25-75 

measurements were 21.16L/min higher than PRO measurements. Boxplots showed no 
significant difference overall, with one significant outlier in the Home dataset and four in the 
Pro dataset (Figure 18). Outliers were not removed due to the small number relative to the 
whole dataset. Histograms of the datasets both showed a left skew (Appendix). 
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Table 25: Home and Pro summary FEF25-75  data (L/min) (n=210). 

 Minimum 1st Quartile Median Mean 3rd Quartile Maximum 
Pro 

FEF25-75 (L/min) 
 

16.28 46.78 79.95 90.39 117.77 
 

272.54 
 

Home 
FEF25-75 (L/min) 

19.60 61.42 103.90 111.55 147.28 287.60 

   
 
   

 
Figure 18: Boxplots of Pro and Home FEF25-75  values (n=210). 

 
 
The correlation (Figure 19) was estimated as 0.83 showing a strong positive and significant 
correlation (p-value <0.0001, t = 21.803, df = 208, 95% CI 0.79 to 0.87). Figure 20 shows the 
Bland-Altman plot. The mean difference, represented by the black line, is -21.15 L/min with 
a SD of 33.90 L/min. Upper and lower LoA, represented by the green and red lines are 45.29 
L/min and -87.60 L/min respectively. The correlation, represented by the blue line, is -0.1625 
is weakly negative and significant (p-value = 0.018). 
 
The percentage Bland-Altman plot is in the Appendix. The mean difference is -1.484%with a 
SD of 13.54%. Upper and lower LoA are 25.06% and -28.03% respectively. The correlation is 
weakly positive. 
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Figure 19: Pearson's correlation of Home vs Clinic FEF25-75 values (n=210). 

 
 

 
Figure 20 Bland-Altman plot between Pro and Home FEF25-75 in litres per second (n=210). Mean difference = is -
21.15L/min represented by black line. 

 
Overall, the FEF25-75 summary statistics, boxplots, strong linear correlation and Bland-Altman 
analysis show that there is good agreement between Home and Pro spirometry with no 
significant differences between the measurements. On average, the Home spirometer records 
21.15 L/min more than the Pro spirometer, a percentage difference of -1.48%.  
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3.3.1.2.4  PEF analysis 
 

Across all sites, there were a total of 249 paired PEF values that could be linked to a home and 
clinic visit on the same day. Table 26 shows the summary statistics of the PEF Home and Pro 
values including the range, mean, median and quartiles. On average Home PEF 
measurements were 0.403L/s higher than PRO measurements. Boxplots showed no 
significant difference overall between the two datasets, with two significant outliers in the 
Home dataset and three in the Pro dataset Figure 21. Outliers were not removed due to the 
small number and insignificance relative to the whole dataset. Both datasets showed 
normality in their histograms (Appendix). 
 
Table 26: Home and Pro summary PEF data (L/s) (n=249). 

 
Minimum 

 
1st Quartile 

 
Median Mean 3rd Quartile Maximum 

Pro 
PEF (L/s) 1.282 4.460    5.565    5.804    7.158   12.383 

Home 
PEF (L/s)   1.278    4.698    6.113    6.207    7.487   11.977 

 
 

 
Figure 21: Boxplots of Pro and Home values (n=249). 

 
The correlation (Figure 22) was estimated as 0.90 showing a very strong positive and 
significant correlation (p-value <0.0001, t = 32.002, df = 247, 95% CI 0.87 to 0.92). Figure 23 
shows the Bland-Altman plot. The mean difference, represented by the black line, is -0.4022 
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L/min with a SD of -0.9644 L/min. Upper and lower LoA, represented by the green and red 
lines are 1.487 L/min and --2.292 L/min respectively. The correlation, represented by the blue 
line, is -0.1238 is weakly negative and not significant (p-value = 0.051). 

 
The percentage Bland-Altman plot is in the Appendix. The mean difference is -8.50% with a 
SD of 20.38%. Upper and lower LoA are 31.44% and -48.44% respectively. The correlation is -
0.0031 and not significant (p-value = 0.96). 
 

 
Figure 22: Pearson's correlation of Home vs Clinic PEF values (n=249). 

 
 

 
Figure 23: Bland-Altman plot between Pro and Home PEF in litres per second (n=249). Mean difference = -
0.4022 L/s represented by black line. 
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Overall, the PEF summary statistics, boxplots, strong linear correlation and Bland Altman 
analysis show that there is good agreement between Home and Pro spirometry with no 
significant differences between the measurements. On average, the Home spirometer records 
0.4022 L/min more than the Pro spirometer, a percentage difference of 8.50%. 
 
 
 

3.3.2 Aim 2: Adherence to home spirometry 
 
3.3.2.1  Overall weekly adherence 
 
The overall adherence of patients to their home spirometry was categorised by the number of 
blows completed on the same day within a 7-day period relative to their total time within the 
study. The dataset included 5592 individual spirometry records from 98 patients that once 
analysed resulted in 2016 weekly ‘blocks’ of data in which the overall number of blows could 
be categorised. This allowed determination of adherence as per the protocol that was three 
blows weekly. As a whole, 23.81% of weekly adherence falls within 0 blows and 68.85% within 
3 or more blows. 3.72% and 3.62% were within the category of 1 and 2 blows respectively 
(Figure 24). This pattern is replicated when exploring adherence across individual sites 
(Figure 25). If adherence was perfect, then 100% of the blocks would be within the ≥ 3 category. 
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Figure 24: Percentage adherence to weekly spirometry across all patients (n=98). Distinct adherence categories 
were sub grouped as ≥3, 2, 1 and 0 blows per each weekly period. 
 
 

 
Figure 25: Percentage adherence across all sites. Distinct adherence categories were sub grouped as ≥3, 2, 1 
and 0 blows per each weekly period 
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3.3.2.2  Individual patient adherence 
 
When looking at individual patients (n= 98), the mean adherence relative to their total time 
in the trial was 69.7%. This is summarised in Table 27 and the histogram (Figure 26). 
 
Table 27: Summary statistics for individual patient adherence in the CLEAR trial. 

Min 1st Quartile Median Mean 3rd Quartile Max 

8.11% 58.6% 73.6% 69.7% 88.9% 100% 

 
 
 

 
Figure 26: Histogram of individual patient adherence in the CLEAR trial. 
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The adherence of patients at the site level, ranged from 54.6% to 86.0% (Figure 27).  

 
Figure 27: Mean percentage adherence of patients at each site. 

 
Actual adherence to spirometry was generally lower than expected across all sites (Figure 28). 
Actual adherence would be 3 nebulisations weekly taken on the same day for each patient 
throughout the trial, as per the trial protocol.    
 

 
Figure 28: Actual vs expected weekly adherence. 
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3.3.4 Aim 3: Quality of home spirometry 
 
3.3.4.1 FEV1 
 
5728 individual home spirometry records were imported. When grouped by individual 
patient and date, there were 1865 separate days that contained these records. 1723 days had 
two or more FEV1 values, with 1372 (73.6%) having two values within 0.150L and so meeting 
the ATS/ERS quality criteria. The 351 records where the top two FEV1 values had a difference 
>0.150L were excluded. More specifically, the number of days per each patient with at least 
one record of lung function was 1865. The number of individual patient records with at least 
two FEV1 records on a given day was 1723 days. The difference between the means is 0.075L, 
with non-QC recorded being slightly higher (Table 28). In addition, the mean difference 
between the top two values that were within the 0.150L range was calculated as 0.054L. 
Boxplots showed no significant differences between the datasets (Figure 29). 
 
Table 28: Summary data for the top FEV1 values (n=1865) and values that met QC (n=1372). 

 Min 1st Quartile Median Mean 3rd Quartile Max 

FEV1 0.574      1.587    2.093     2.214    2.740     4.642 
 

FEV1 QC   0.574    1.562    1.998     2.139    2.610     4.314 
 

 
 

 
Figure 29: Boxplots of Top and QC FEV1. QC (n=1372). 
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3.3.4.2  FVC  
 
5728 individual spirometry values were imported. When grouped by individual patient and 
date, there were 1865 separate days that contained these FVC records. 1723 days had two or 
more FVC values, with 1076 (62.4%) having two values within 0.150L and so meeting the 
ATS/ERS criteria. The difference between the means is 0.128L, with non-QC recorded being 
slightly higher (Table 29). In addition, the mean difference between the top two values that 
were within the 0.150L range was calculated as 0.063L. Boxplots showed no significant 
differences between the datasets (Figure 30). 
 
Table 29: Summary data for the top FVC values (n=1865) and values that met QC (n=1076). 

 Min 1st Quartile Median Mean 3rd Quartile Max 

FVC 1.033    2.325    2.913     3.079    3.728     6.354  
 

FVC QC 1.033    2.245    2.769     2.951    3.591      5.956  
 

 
 
 

 
Figure 30: Boxplots of Top (left) FVC and QC FVC (right). (n=1076). 

 
In summary there were less home spirometry values available when the quality criteria was 
applied, compared to when criteria was not applied, as in aim 1. This was expected, however, 
it is important to note there were no significant differences between the values in either dataset 
for both FEV1 and FVC. 
 

3.3.5 Aim 4: Home spirometry and exacerbations 
 
3.3.5.1  Listwise regression for pre-exacerbation changes in FEV1 
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Changes in home FEV1 were observed over the 28 days preceding first and second 
exacerbations (Full or Partial). 28 patients had exacerbations with at least two FEV1 values 
preceding it (Figure 31) and 15 patients had at least three FEV1 values preceding it, for the 
period June 2018 to December 2019 (Appendix). There appears to be no consistent trend in 
FEV1 values over this period, although there is a very slight decline (Figure 31). The lack of 
consistent trend is confirmed by the results of a listwise regression of FEV1 on time 
(Appendix). 
 

 
Figure 31: FEV1 values over 28 days before first exacerbation. (28 days is time of exacerbation) (n=28). 
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Nine patients had second exacerbations with at least two FEV1 values preceding it (Figure 32) 
and seven patients had at least three FEV1 values preceding it (Appendix). A similar pattern 
with no consistent trend is seen for the time period before patients that had a second 
exacerbation (Figure 32), and again confirmed by the results of a listwise regression of FEV1 
on time (Appendix). 
 

 
Figure 32: FEV1 values over 28 days before a second exacerbation. (28 days is time of exacerbation) (n=9). 
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3.3.5.2  Listwise regression for pre-exacerbation changes in FVC 
 
FVC follows a similar pattern to FEV1 in that there appears to be no consistency as confirmed 
by the listwise regression (Appendix). 28 patients had exacerbations with at least two FVC 
values preceding it with 18 patients with at least three FVC values preceding with it (Figure 
33). 
 

 
Figure 33: FVC values over 28 days before first exacerbation. (28 days is time of exacerbation). 
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Again, there is no consistency for the time period before patients in that experienced a second 
exacerbation. Nine patients had second exacerbations with at least two FVC values preceding 
it with seven patients having at least three FEV1 values (Figure 34). The listwise regression 
again shows inconsistency (Appendix). 
 

 
Figure 34: FVC values over 28 days preceding a second exacerbation. (28 days is time of exacerbation). 
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3.3.5.3  FEV1 Linear Mixed Effects model 
 
To explore any significance between spirometry and exacerbations, a linear mixed effects 
model (LME) was run based on data from the 39 days before exacerbation for FEV1. There was 
no convergence with the data for time periods less than this, suggesting sparse data and very 
high variability, as already confirmed in the listwise regressions (Appendix). The LME 
therefore contained 97 observations from 20 patients. Patients must have had at least three 
FEV1 values before an exacerbation. The mean intercept (FEV1) is 2.364L with a large standard 
deviation of 0.813. A mean decrease of 0.0075L before an exacerbation indicates there is 
virtually no overall trend/slope (Table 31). Also, the between-patient variability in slopes for 
the random effects in is large relative to the mean slope, with a standard deviation of 0.2038 
(Table 30). 
 
Table 30: FEV1 random effects. 

 Standard 
Deviation  

    Correlation 

(Intercept) 0.813 (Intr) 

regt     0.0034 -0.599  

Residual 0.2038    

 
 
Table 31: FEV1 fixed effects.	

 Value estimate Standard Error DF t-value p-value 

(Intercept) 2.364 0.1882 76 12.56 0.000 

regt -0.0075 0.0022 76 -3.382 0.0011  

 
 
The correlation of the fixed effects is -0.416. This represents the correlation between the slope 
and intercept across patients suggesting those with large FEV1 values before an exacerbation 
are likely to decrease more towards an exacerbation. In addition, the overall performance 
and fit of the model is poor as indicated by the Akaike’s Information Criteria (AIC) and 
Bayesian Information Criteria (BIC) and standardized within-group residuals (Appendix).	  
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3.3.5.4  FVC Linear Mixed Effects model 
 
This model was run 35 days before an exacerbation and has a similar finding to the FEV1 LME, 
suggesting sparse data and very high variability. The LME contained 79 observations from 17 
patients. Again, patients must have had at least three FVC values before an exacerbation. The 
mean intercept (FVC) is 3.035L with a large standard deviation of 0.871. A mean decrease of -
0.0049L before an exacerbation indicates there is no overall trend/slope (Table 33). Also, the 
between-patient variability in slopes for the random effects in is large relative to the mean 
slope, with a standard deviation of 0.3343 (Table 32). 
 
Table 32: FVC random effects. 

 Standard 
Deviation 

    Correlation 

(Intercept) 0.871 (Intr) 

regt 0.0032 -0.882 

Residual 0.3343  

   
	
Table 33: FVC fixed effects. 

 Value estimate Standard Error DF t-value p-value 

 

(Intercept) 3.035 0.2309 61 13.14 0.0000 

regt -0.0049 0.0043 61 -1.134 0.2613 

	
 
The correlation of the fixed effects is -0.51 again suggesting those with large FVC values 
before an exacerbation are likely to decrease more towards an exacerbation. In addition, the 
overall performance and fit of the model is poor as indicated by the Akaike’s Information 
Criteria (AIC) and Bayesian Information Criteria (BIC) and standardized within-group 
residuals (Appendix). 
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3.4 Discussion 
 
The results presented in this Chapter show that it is feasible for patients with bronchiectasis 
to conduct home spirometry whilst producing data similar to those obtained during a 
supervised clinic visit. To our knowledge, this is the largest longitudinal study of remote 
monitoring, for four key spirometry measures, across multiple time points in chronic 
respiratory disease. The findings are more applicable to RWE studies than those previous 
studies which only had a comparison on a single day and in which the patient's self-
measurement was often supervised by a clinician. Analysis showed very good agreement and 
consistency between supervised spirometry performed in clinic and spirometry performed at 
home by patients on the days of scheduled visits for the four parameters (FEV1, FVC, FEF25-75  

and PEF). As expected, adherence to weekly remote spirometry was not 100% but most 
patients completed the directed weekly spirometry at home with approximately 69% 
compliance relative to their time in the trial, without any reminders. In addition, this analysis 
did not find a trend in lung function in the lead up to an exacerbation to be a significant 
predictor of a pulmonary exacerbation.  
 

3.4.1 Aim 1 and Aim 3 
 
Looking at overall quality first (aim 3), the analysis with FEV1 and FVC, that only included 
clinic values that met the internal device quality criteria (QC), showed results that were not 
statistically significantly different nor clinically different to non-QC data, with similar clinic 
and home summary data. This suggests that fulfilling, or not fulfilling two blows within 150ml 
of each other, does not have any implication in the accuracy of Home or Clinic measurements 
for FEV1 or FVC, or any implications from a methodological standpoint for the two 
spirometers. Both correlation and Bland-Altman analysis of QC and non-QC data strongly 
support this (Figure 7, Figure 8, Figure 10, Figure 11). In addition, the variability between the 
home and clinic datasets were similar, however, filtering out clinic values that did not meet 
the QC did reduce the overall number of matched data points.  The home spirometer did not 
have internal algorithms to automatically calculate QC according to guidelines. When QC was 
applied to the home spirometry, there was minimal difference between the two datasets 
(Table 28 & Table 29), suggesting home spirometry technique was good and three 
independent blows is sufficient. This QC analysis, along with the non-QC analysis, strongly 
suggests that unsupervised home spirometry is similar to clinic spirometry with overall 
excellent agreement between the two methods.  

In the non-QC analysis (aim 1), for FEV1, FVC, FEF25-75 and PEF the correlations were 
strongly positive with significance (Figure 13, Figure 16, Figure 19, Figure 22). Bland-Altman 
analysis for the four parameters also showed excellent agreement with small overall mean 
differences, albeit with some high variation (Figure 14, Figure 17, Figure 20, Figure 23). For 
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FEV1 and FVC the overall mean differences, 0.03L and 0.07L respectively, between home and 
in clinic spirometry were not clinically significant, as found in earlier research (Rodriguez-
Roisin et al., 2016). FEF25-75 and PEF showed less agreement when compared to FEV1 and FVC, 
this is probably due to FEF25-75 and PEF measured as litres per unit of time, rather than just 
litres. Another possible reason for increased variability shown with FEF25-75  and PEF is that 
these parameters generally show increased variability in readings within individual patients 
and in-between different patients and are generally less reliable parameters indictive of lung 
function (Llewellin et al., 2002; Singh et al., 2012). This is likely due to greater variability of 
proximal airways, that PEF and FEF25-75 measurements reflect, compared to proximal and 
peripheral airway changes reflected by FEV and FVC (Goel et al., 2015). Therefore, remote 
FEF25-75  and PEF should be used with caution due to the higher variability and the lack of QC 
control within portable spirometers. The boxplots of the four parameters, correlations and 
Bland-Altman analyses again confirm similarity between home and clinic measurements.  

These findings for FEV1 and FVC concur with findings from similar studies in other 
chronic respiratory conditions (Table 18; Section 3.1.2.1), particularly those by Rodriguez-
Roisin (2016), Russell (2016) and Du Plessis (2018), with this study showing greater agreement 
between home and clinic FVC values. In previous studies, home spirometry values are on 
average lower than clinic values, whereas in this study home values where higher than clinic 
for FEV1, FEF25-75  and PEF, however the differences were not significant. A possible reason is 
that in this study patients had to complete three blows for home spirometry likely resulting 
in patients achieving their highest potential.  

 

3.4.2 Aim 2 
 
Adherence (Aim 2) to weekly home spirometry was good with 69% of patients completing the 
required number of weekly blows relative to their time enrolled in the trial. When looking at 
the weekly blocks of adherence, as a whole, 31% of blocks had less than 3 blows, with 3.72% 
having at least one blow, and were non-adherent. 69% had at least 3 blows and were adherent 
(Figure 24). This suggests that the majority of the time within the trial, patients are adherent 
to the weekly spirometry. It is important to note that patients in this analysis were not given 
any weekly reminder to complete home spirometry, if reminders were introduced it would 
very likely have further increased adherence. This trend was also replicated at the site level 
and concurs with similar adherence observed in previous large study (Rodriguez-Roisin et al., 
2016), suggesting that adherence to spirometry is rarely 100%. Although compliance is 
encouraging, with a median of 73.6%, it is below the 79% expected in chronic respiratory 
disease (Vestbo et al., 2009), more motivation and reminders would likely be needed in both 
real world and clinical trial settings to improve adherence. 
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3.4.3 Aim 4 
 
When looking at the home spirometry in the weeks before an exacerbation (Aim 4), no 
significant changes were found for FEV1 or FVC, suggesting that increase or decreases are not 
predictive indicators for an exacerbation in patients with bronchiectasis. The majority of the 
listwise regressions were non-significant in patients who had a first exacerbation and also in 
those who had had a second. Initially, the mixed effects model was tried from 28 days, but 
due to non-convergence the time interval was increased, highlighting the very weak 
regression and amount of noise in the sparse data. In addition, the information criterions were 
very large inferring low quality of the model. This finding concurs with the most recent expert 
derived consensus definition for an exacerbation (Hill et al., 2017) that did not regard FEV1 
changes within its criteria. Although it is noted that lung function parameters have been 
historically regarded as important for identifying an exacerbation, as discussed in Chapter 2. 
In the previous chapter, a 10% decrease in FEV1 was recorded in just over half of exacerbations 
but this change was calculated from the last stable study visit and overall, it was not a key 
symptom change (Section 2.3.3). It again, further highlights the day to day variability of 
symptoms experienced in patients with bronchiectasis. This analysis of exploring the home 
changes in spirometry over the weeks leading to an exacerbation confirm that FEV1 is not a 
key sign of an exacerbation. The dataset however for this analysis is limited and if larger, it is 
possible that it could potentially find a significant model showing a relationship between 
declining lung function and exacerbation.  
 

3.4.4 PARI spirometers 
 
The two PARI spirometers, the mySpiroSense and SpiroSensePro, used in the CLEAR clinical 
trial and for this analysis performed well. In addition to the four parameters explored in this 
Chapter, the devices can also measure a number of other lung function tests including 
FEV1/FVC, FEV3, FEV6, FIV1 and FIVC. The two spirometers are extremely portable and each 
weigh less than 200g. This puts them at the forefront of the current generation of spirometers. 
The most comparable spirometer to the mySpiroSense is the NuvoAir Next spirometer. In 
addition to many of the features of PARI it is FDA approved and also can be linked to a patient 
led mobile application and to external activity monitors such as Fitbits. This provides a much 
more user directed experience, however, only one small longitudinal study has been 
performed with this spirometer in cystic fibrosis. 37 patients were directed to perform home 
spirometry twice a month over the course of a year. FEV1 and FVC were found to be 
equivalent between supervised and unsupervised spirometry with high adherence (Funnell 
et al., 2020b). The two spirometers are similar in overall size, innovation, quality criteria and 
have a similar cost for the spirometers themselves and associated accessories. The NuvoAir 
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however does require an additional monthly subscription cost for access to the mobile 
application.  
 

 
3.4.5 Strengths and limitations 
 
The major advantage of this study is that it is the largest longitudinal analysis to date 
exploring home spirometry in patients with bronchiectasis, as opposed to previous studies 
that were cross-sectional. In addition, the home spirometry was conducted truly in the 
“home” and unsupervised unlike previous studies that tested portable spirometers in the 
presence of a clinician. This represents what would happen during a pragmatic clinical trial 
when patients are given spirometers to use at home. It is also the first study to validate use of 
the PARI mySpiroSense device as a reliable instrument for home spirometry. The limitations 
of this analysis include some missing datapoints due to poor patient and site adherence in 
completing spirometry at the start of an exacerbation as per protocol. This missing data 
combined with the limited number of exacerbations also hindered the linear mixed model 
when exploring FVC1/FVC changes in relation to exacerbations. A solution would be to 
ensure sites regularly remind patients to complete home spirometry as per protocol. These 
reminders could be sent by, for example, a recurring automated text message or email to the 
patient on the day that spirometry is due. These results are in contrast to a previous study that 
found significant FEV1 and FVC changes before an exacerbation, however this was a single 
centre study that did not use continuous home monitoring.  
 

3.4.6 Future directions 
 
With the rising costs of clinical trials, this validation of home spirometry with the novel 
mySpiroSense will help the more pragmatic design of respiratory trials in bronchiectasis and 
stimulate further validation within other chronic respiratory conditions such as CF and 
COPD, and those recovering following ventilation in intensive care. However, this analysis 
together with the four previous published longitudinal studies (Kerwin et al., 2019; Russell et 

al., 2016; Rodriguez-Roisin et al., 2016; Moor et al., 2018) suggest that home spirometry can be 
used successfully for chronic respiratory conditions. Fewer scheduled visits and subsequent 
assessments can reduce the overall burden for both patients and clinicians, allowing time in 
the health services to be used for other things and reducing cost (Goeminne et al., 2019; Parrott 
et al., 2020; Funnell et al., 2020a). Technological remote or in-home assessments incorporated 
into clinical trials are likely to make trials more efficient in cost, duration, adherence, 
recruitment and retention (Hirsch et al., 2017; Anderson et al., 2018). A further case for remote 
monitoring both in clinical trials and in routine care can be made due to the recent COVID-19 
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pandemic, where keeping vulnerable individuals shielded during outbreaks of infections is 
important (Castellani, 2020). 
 
The results of this analysis provides trialists, clinicians and patients with the confidence to 
implement lung function as a fully remote, or partly remote, outcome in clinical trials or 
routine care within bronchiectasis. Importantly, lung function is also part of the core outcome 
set for clinical trials in bronchiectasis (Spargo et al., 2018), a core outcome being one that 
should be reported in any trial within a specific disease area. Further research however is 
recommended towards increasing patient adherence to home spirometry and also towards 
linking FEV1 changes to bronchiectasis exacerbations. Further research is also needed into the 
impact of blinding (or not blinding) patients to their home spirometry readings on distress, 
patient withdrawals, attrition bias and performance bias (i.e. not completing spirometry due 
to seeing results).   
 
 
3.4.7 Conclusion 
 
The use of the PARI mySpiroSense home spirometer provides values that are equivalent to 
values generated by in clinic spirometry. Even though home spirometry did not have internal 
algorithms for QC, this did not affect the data from a clinical perspective when an external 
QC was applied. Patients were able to conduct quality spirometry outside of the clinic 
unsupervised. The majority of weekly adherence to home spirometry throughout the trial was 
good but below the generally accepted level of 80% in clinical trials. There was no association 
found between changes in lung function in the weeks before a patient suffered an 
exacerbation. This chapter strongly supports the use of home spirometry in bronchiectasis 
clinical trials and possibly also for routine clinical monitoring of patients. It would not be 
recommended at this stage to use as a diagnostic tool in respiratory disease. Home spirometry 
used in clinical trials and routine monitoring could generate RWE and find trends amongst 
specific subgroups of patients. This could also apply to patients who are recovering after being 
ventilated in intensive care. Recovery after mechanical ventilation can affect multiple clinical 
outcomes including lung function and recovery times can be beyond one year (Needham et 

al., 2012). In future trials within ICU, having patients complete lung function periodically after 
being discharged would help to improve rehabilitation for those experiencing difficulty. This 
is also applicable to those survivors of severe COVID-19 who have been previously been 
ventilated or patients experiencing long COVID-19, as both groups have reported ongoing 
lung function impairment (Torres-Castro et al., 2020).  
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4 Chapter 4: Invitation letters and patient recruitment (SWAT) 
 

4.1. Introduction 
 
Clinical trials depend on the willingness of healthcare professionals and patients or members 
of the public to dedicate their time and commitment to participate. Good recruitment and 
retention of patients are therefore essential to the adequate conduct of a trial (Fisher et al., 
2012). However, there are few evidence-based methods for increasing recruitment to a trial 
and retaining those who do enrol for the whole duration or until the completion of their final 
follow up (Treweek et al., 2018a; Brueton et al., 2013). If the required levels of patient 
recruitment are not met, this has implications for the trial’s statistical power, likelihood of 
publication and internal and external validity (Glasgow et al., 1996). Recruiting inadequate 
numbers of patients can place a financial strain on the research funder and the study might 
overrun, potentially influencing investments from research councils and governments for 
future research (Bower et al., 2014). Most importantly however,  it ultimately affects patients 
as important information directly surrounding their healthcare is left unanswered. Therefore, 
achieving appropriate numbers of participants is crucial. Recently the SWAT (Study Within 
A Trial) concept has been used to try and increase the evidence base on trial recruitment 
(Treweek et al., 2018b). This chapter explores the concept of clinical trial recruitment, with a 
SWAT implemented within the CLEAR trial aimed at increasing participant recruitment.  
 

4.1.1 Problem of clinical trial recruitment 
 
Recruitment is frequently reported as a problem in trials. The same is true of retention, which 
is discussed in Chapter 5. A recent survey of clinical trial units showed that recruitment and 
retention are amongst the top three priorities for methodology research (Healy et al., 2018). As 
a result, these have been prioritised for research funding under various national programmes 
(further outlined in section 4.1.3). The issue of poor recruitment to trials is not new and was 
mentioned, for example, as a problem within a key clinicals trials text in 1986 (Meinert, 1986). 
Meinert stated that the likelihood of achieving the recruitment target is small, takes a major 
effort and is likely to take longer than planned. These issues have remained pertinent into the 
21st century. More recently, empirical data from a review of large phase 3 randomised trials, 
funded in the UK by the National Institute for Health Research Health Technology 
Assessment (NIHR HTA) programme from 2004 to 2016, found that the final recruitment 
target was met in only 56% (85 of 151) of trials (Walters et al., 2017).  
 

4.1.2 Previous research on trial recruitment 
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Currently, there are few evidence-based solutions to improving recruitment to trials. The bulk 
of research into recruitment was summarised in a 2018 Cochrane review (Treweek et al., 
2018a). It found 68 studies involving interventions or strategies aimed at increasing 
participant recruitment and was only able to draw three high certainty implications from this 
research. These were; the benefits of conducting open label trials as opposed to blinding 
participants, using telephone reminders for potential participants and using bespoke 
participant information leaflets. Although the absolute improvements in recruitment arising 
from these three methods were low, any increase to recruitment would positively impact 
other aspects of the trial. As the number of new trials registered is increasing year on year, 
with approximately 37,000 new registrations in 2020 in one register alone (ClinicalTrials.gov), 
having such scarce knowledge of effective ways to enrol participants is concerning and it is of 
no surprise that the Cochrane review concluded that future high-quality research is needed.  
 
Since the increased awareness that poor recruitment of participants can negatively affect other 
trial aspects, several initiatives to encourage use of evidence-based methods and further 
explore recruitment research in large clinical trials have been started. Trial Forge is an online 
evidence base that aims to provide resources on how to make trials more efficient and includes 
information on recruitment (Trial Forge, 2020). In addition to providing information on 
SWAT, the platform has a section that summarises interventions for recruitment to trials based 
on low, moderate or high certainty evidence. More specific to recruitment is the Online 
Resource for Recruitment research in Clinical triAls (ORRCA) project that provides a 
searchable database for recruitment research, derived from systematic searches of general 
bibliographic databases (Kearney et al., 2018). 
 

4.1.3 The concept of SWAT 
 
The SWAT approach for testing the effectiveness of trial methods, such as different 
recruitment interventions, is to ‘nest’ a methodology study within an ongoing trial. Recent 
guidance defines a SWAT as a “self-contained study that has been embedded within a host 
trial with the aim of evaluating or exploring alternative ways of delivering or organising a 
particular trial process.” (Treweek et al., 2018b). The SWAT concept aims to highlight and 
identify a variety of methodology strategies that would improve clinical research. Clinical 
trials evaluate the effectiveness of healthcare interventions whereas a SWAT evaluates the 
effectiveness of the methods used to conduct the trial. In other words, a SWAT explores how 
good the research methodology is. As there is little evidence on how best to run a clinical trial, 
SWAT can be used to generate high quality information that ensures the optimum methods 
are used in future trials. A key feature of the SWAT is that it does not affect the integrity of 
the host trial in relation to rationale or outcomes and can be ideally implemented 
independently in a variety of trials with a view to having future meta-analyses of the results 
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of multiple SWAT of the same topic. Ideas for SWAT and protocols are available on the 
website of the Northern Ireland Methodology Hub that maintains a repository of SWAT 
(Queen’s University Belfast, 2020).  
 
Growing awareness of the challenges of recruitment and of the SWAT concept, along with 
increased information, organisation and coordination, has led national health research 
funders in the UK and Ireland to actively encourage and financially support SWAT within 
clinical trials. The UK Medical Research Council’s PROMETHEUS (PROMoting THE USE of 
SWATs) programme, initiated in 2018, is currently providing funding to 33 host trials for 
various SWAT (PROMETHEUS, 2020). They rank research questions on recruitment 
according to high, medium and low priority, determined by ease of implementation, cost and 
existing trials that have embedded the SWAT. Also, the NIHR HTA programme allows 
applicants to propose a SWAT within their trial to be funded for up to £10,000 (NIHR, 2020). 
Similarly, in Ireland, the Health Research Board Trials Methodology Research Network (HRB-
TMRN) offers awards of up to €25,000 and had funded eight SWAT as of August 2020 (HRB-
TMRN, 2020). 
 

4.1.4 Rationale for this SWAT in the CLEAR trial 
 
In many clinical trials outside of primary care, it is standard practice for patients who are 
potentially eligible to be sent or given an invitation letter by their clinician or hospital clinic. 
This is usually one of the first stages in recruitment for  patients with bronchiectasis. 
 
It is plausible that the invitation letter, associated participant information sheet (PIS) and other 
recruitment materials can influence whether a patient joins a trial, but whether and how these 
materials do so is uncertain because of the lack of robust research. Being at an early stage in a 
potential participant's trial journey, it is important that these materials are engaging as well 
as informative. The person who signed the invitation letter may act as part of the persuasion 
strategy to encourage someone to volunteer for the trial and different methods of 
personalisation, such as hand-written signatures from the lead clinician or a member of the 
clinical research team might have different effects on patient recruitment. Even if these effects 
are moderate, any boost in recruitment might shorten the trial, save resources and lead to a 
faster answer to the clinical question posed by the trial.  
 
Another aspect in the design of the invitation letter is the inclusion of a photograph. For 
instance, patients might be influenced if a welcoming, friendly photograph of a doctor-patient 
interaction is shown on the invitation letter or a photograph of their local clinical team. There 
is a tendency for people to develop a preference for things that they are familiar with and 
seeing such a photograph with a familiar signature may lead to a positive response. This 
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psychological phenomenon is known as the mere-exposure effect or familiarity principle 
(Zajonic, 2001).  
 
However, despite the importance of achieving high levels of patient recruitment, to date no 
clinical trials in patients with bronchiectasis have investigated the impact of recruitment 
strategies, meaning that specific challenges for recruiting these patients are uncertain. This 
SWAT contributes to filling this gap. Furthermore, regardless of any effect on overall response 
rates, the impact of the individual signing the invitation letter or the inclusion of a photograph 
on a person's willingness to join a trial might have an impact on the length of time that they 
participate in the trial.  
 
The value of this SWAT is also apparent from the work of PRioRiTy I (Prioritising Recruitment 
in Randomised Trials study) (Healy et al., 2018), which was a large initiative to identify 
problems and solutions regarding recruitment to trials. The process involved multiple 
stakeholders and produced a top 10 list of questions that, if answered, would be likely to 
influence recruitment strategies. Question 4 was "What are the best approaches for designing 
and delivering information to members of the public who are invited to take part in a 
randomised trial?" The SWAT within the CLEAR trial will contribute to the answer for this 
question.  
 

4.1.5 Previous research into the design of the invitation letter 
 
Other studies have explored various aspects in the design of the invitation letter and PIS. A 
large ongoing SWAT is exploring whether a male, female or trial team signature on the 
invitation letter affects recruitment to a prospective cohort study (Maguire et al., 2015). An 
interim analysis in 2015 of 8500 invitation letters revealed no significant differences between 
groups. Another study explored the use of bespoke invitation letters that had professional 
graphic design input (but no photographs) versus an original A4 letter (Cockayne et al., 2017). 
After randomisation of 6900 invitations, there were no significant differences in recruitment. 
Two similar prospective studies found no significant differences with professionally 
developed invitation letters (Parker et al., 2018; Man et al., 2015). However, although these 
materials had various aspects of professional development and graphic design input, no 
photographs were included.  
 
Another study explored if handwriting the patient's name on the invitation letter, rather than 
printing it, had an effect on recruitment. Despite 317 potential participants being given letters, 
only 12 were recruited into the host trial and the study found that handwriting patient’s 
names decreased recruitment (McCaffery et al., 2019). The authors noted this could be due to 
handwriting being perceived as less professional.  
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One study that investigated the impact on recruitment outside the setting of a clinical trial 
investigated the use of a personalised invitation letter compared to a generic letter for a NHS 
stop smoking service and found that the use of a personal letter significantly increased the 
proportion of those attending at 1 month (17.4% vs. 9.0%) and 6 months (9.0% vs. 5.6%). These 
results were obtained after randomisation of 4384 letters. The personalised letter detailed the 
patient’s personal disease specific risks based on their age, gender and number of cigarettes 
smoked (Gilbert et al., 2017). 
 
 

4.1.6 Aim and objective 
 
The aim of the study reported in this chapter was to explore the effects of methods used to 
optimise recruitment with the specific objective being: 

• To determine if the nature of the signature and inclusion of a photograph on the 
invitation letter given to potential participants impacts on their recruitment to the 
CLEAR trial. 
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4.2 Methods 
 
Two SWAT aimed at increasing recruitment were embedded within the CLEAR trial. They 
have been registered and published on the SWAT Repository Store of the Northern Ireland 
Methodology Hub (Queen’s University Belfast, 2020).  

 
4.2.1 SWAT implemented 

 
For simplicity, these two recruitment SWAT will be referred to in this chapter as A and B. 
SWAT A is a variation of SWAT 3 on the repository store (Maguire & Clarke, 2014) and SWAT 
B is SWAT 53 (Anand & Green, 2017). These SWAT are focused on exploring recruitment to 
the CLEAR trial and were tested in a 2x2 factorial design. 

 
4.2.1.1  SWAT A 

 
SWAT A relates to the nature of the signature on the invitation letter in the trial recruitment 
pack that is given to potential participants. The interventions compared in this SWAT are: 

1. Invitation letter is personally signed, using wet ink, by the local principal investigator 
(PI).  

2. Invitation letter is generically signed and printed electronically as “The CLEAR Trial 
Team”. 

 

4.2.1.2  SWAT B 
 
SWAT B relates to the inclusion of a generic doctor-patient photograph on the invitation letter. 
The interventions compared in this SWAT are: 

1. Invitation letter includes a generic doctor-patient photograph. 
2. Invitation letter does not include a doctor-patient photograph. 

 

4.2.2 Outcome Measures 
 

• The primary outcome is the proportion of recipients of each invitation letter who join 
the CLEAR trial. 

• The secondary outcome is the proportion of recruited participants who had received 
each invitation letter who remain enrolled in the CLEAR trial. 

 

4.2.3 Approvals 
 
Details of the SWAT were incorporated into the CLEAR trial protocol (Bradley et al., 2019; 
Appendix). All materials were submitted for ethical and governance approvals (granted on 
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30th November 2017 and 6th February 2018, respectively). These approvals are within the 
Appendix. In addition to the regulatory approvals, the four invitation letters received good 
feedback from a Public and Patient Involvement representative, full details of which are 
included in the Appendix.   
 

4.2.4 Period for data collection 
 
The SWAT is planned to continue until the completion of the CLEAR trial. The interim 
analysis presented here is based on data obtained from the beginning of the trial in June 2018 
through to May 2020, but it should be noted that recruitment to the CLEAR trial and therefore 
to this SWAT was paused due to the COVID-19 pandemic on 12th March 2020. 
 

4.2.5 SWAT A and B Participating Sites  
 
Sites participating in the CLEAR trial pilot phase and the main trial were opted into 
participating in SWAT A and B and were informed of the procedures and protocol for 
implementation. All sites could withdraw from the SWAT at any time if they wished, for 
example because of site-specific feasibility. The participating sites are listed in the Appendix. 
 

4.2.6 Overall CLEAR Trial Recruitment Strategy 
 
The participating sites used common methods for the recruitment of potential participants to 
a clinical trial. This primarily involved directly approaching potential participants who were 
regularly attending their respiratory clinic or had been referred. When a potential participant 
was identified and approached, they were told about the CLEAR trial and given a recruitment 
pack that contained an invitation letter, PIS and informed consent form. Potential participants 
were also screened from databases and people identified in this way were sent the recruitment 
pack by post to their home address. This was also done for patients who had previously 
indicated that they were interested in the trial. After receiving the recruitment pack, the 
patient was able to assimilate the information and ask the study team any initial questions. In 
addition to this direct approach, patient electronic databases were screened for potentially 
eligible participants and followed up by the study team. If a patient wished to enrol in the 
CLEAR trial, they arranged a visit to a recruiting site, clarified any further queries and 
completed the informed consent form in the presence of a study staff member. 
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4.2.7 Design and Implementation of SWAT A and B 
 
The 2x2 factorial randomised approach was used for SWAT A and B to allow simultaneous 
comparison of the interventions. The four possible combinations of invitation letter are shown 
in Table 34. Examples of the four different invitation letters are in the Appendix. 
 
Table 34: Factorial design of SWAT A and B as implemented in the CLEAR trial. 

2x2 factorial 
design 

Photograph 

With Photograph Without photograph 

Na
tu

re
 o

f S
ig

na
tu

re
 

Pe
rs

on
al

 

Personal wet 
signature + photo 

Personal wet 
signature + no photo 

Ge
ne

ric
 

generic signature + 
photo 

generic signature +   
no photo 

 

 
SWAT A and B were implemented for recruitment packs handed to potential participants at 
clinics and those posted to patients. Sites were asked to estimate their expected recruitment 
numbers and the local PI signed a number of invitation letters using wet ink. The recruitment 
packs were prepared per site based on recruitment estimates, with each pack having a unique 
Pack Identifying Number on the envelope. These Pack Identifying Numbers were randomly 
generated for each site using mixed block sizes, with an excessively large list created to 
accommodate over recruitment at all sites. Packs were then prepared into bundles, so that 
each bundle of eight contained two of each type of invitation letter. The bundles were then 
distributed to sites with instructions, along with other site initiation materials. Instructions 
were given to sites not to alter the sequence of the packs in the bundles or the order of the 
bundles. When giving recruitment packs to a potential participant in person, site staff took 
the topmost pack from the bundle so that they were handed out in the correct sequence. Before 
the recruitment pack was given to a patient, the Pack Identifying Number was recorded 
against the relevant Patient Identification Number on the CLEAR trial screening log. If a site 
used more than one member of staff to recruit at a time, the packs were split into two or more 
piles, with packs then being tracked for sequential use from the bundles in each of these piles. 
The unique Pack Identifying Numbers were used to link individuals on the screening log who 
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did or did not enrol into the CLEAR trial with the type of recruitment pack they had been 
given. When posting a recruitment pack to the patient, sites addressed the envelope 
containing the recruitment pack to the potential participant.  If a site had limited numbers of 
recruitment packs left, they requested further packs and if they exhausted their supply, they 
would use the standard CLEAR trial invitation letters until they received further packs. Any 
such interim use of standard invitation letters was not logged and related data are not used 
in the SWAT analysis. If a site did not participle in the SWAT, they would have used the 
standard invitation letter throughout the duration of the CLEAR trial. The process is 
summarised schematically in Figure 35. 
 

 
 

 
 

 
 

 
Figure 35: Schematic Diagram of the SWAT A and B process. 

  

Potential participants for the CLEAR trial 
are directly approached in clinics and 

screened from databases 

Patients who express interest in the 
CLEAR trial are given a recruitment pack 

that contains one of the four types of 
invitation letter  

The Pack Identifying Number for the 
information pack given to a patient is 

recorded against the Patient screening ID 
on the screening log 

Pairing Pack Identifying and Patient 
Screening IDs will reveal which type of 
letter was given and allow analysis of 

effects on recruitment 
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4.2.8 Analysis 
 
The primary analysis compares the proportion of participants recruited to the CLEAR trial 
depending on the type of recruitment pack they received. Secondary analyses will examine 
retention in the CLEAR trial and the extent/duration of the recruited person’s participation. 
Subgroup analyses would have been conducted according to age, gender, disease severity and 
ethnicity if sufficient data were available but these data were not recorded on the CLEAR 
screening log so these variables are only available for patients who enrolled in the CLEAR 
trial and not for those who were randomised into the SWAT but did not join the CLEAR trial. 
All analyses and data manipulation were done using the statistical software R 
(www.rstudio.com) with the exception of the comparative analysis which was done on 
www.medcalc.org using their odds ratio calculator to calculate the odds ratio, its 95% 
confidence interval (CI) and test for significance, where the threshold for statistical 
significance was set to p=0.05. The full R script of the analysis is shown in the Appendix. The 
datasets imported for the analysis were the CLEAR trial screening log and SWAT 
randomisation list that contained the Pack Identifying Numbers. Both datasets contained data 
collected from June 2018 to May 2020. Various manipulations and transformations were 
performed but the key steps for the primary analysis were matching the Pack Identifying 
Numbers between the two datasets in order to establish the total numbers and types of letters 
that were distributed and the subsequent number of patients who enrolled into the trial, and 
what type of letter they received. This created a new dataset. For the secondary outcome, an 
additional dataset, the CLEAR trial patient visit tracker was matched, by the CLEAR trial 
Subject ID, to the new dataset that had been created for the primary outcome. The number of 
patients who had withdrawn from the CLEAR trial at any point in each of the letter groups 
was determined.  
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4.3  Results 
 
All CLEAR trial sites participated in this SWAT. These results contain data from 14 sites 
including the 10 sites that participated in the 8-month pilot phase of the CLEAR trial. 
 

4.3.1 Pilot feasibility assessment 
 
After the pilot phase, each site was contacted on 18 February 2019 and asked if they had 
encountered any difficulties when implementing SWAT A and B. Each site commented on the 
how successful the SWAT were and that they could implement the protocol fully. All sites 
implemented SWAT A and B as per protocol. Communications from each site are summarised 
in Table 35. 
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Table 35: Feedback on SWAT invitation letters from pilot sites. 

Site 
SWAT invitation letters 

Using 
SWAT? How is it being implemented? Any issues/comments from site 

Ninewells 
Dundee Yes 

Generally, staff speak to 
patients first at clinic, then 

give them the SWAT packs. 
They did send out 29 and 

have had a few declines from 
this. 

None. 
Site wondered if this defeated the purpose of 

SWAT packs as they are speaking to the patient 
first rather than sending out. 

Belfast Yes As per protocol 

None. 
Staff can't leave any packs at chest clinic as then 
they wouldn’t know who got what, however they 

get around this. If a medic refers a patient, they will 
post out a pack. One patient didn’t receive pack, so 

gave new pack number. 

Craigavon Yes As per protocol 

None. 
 The PI will also give out packs at clinic and he 

writes down the pack number for the study 
coordinator. 

Altnagelvin Yes As per protocol 

None. 
Only thing is if posting the pack, I have to use 

specific Trust envelopes or else it won’t be posted, 
therefore I have to open the pack and insert in 
Trust envelope. However, I don’t look at the 

contents before putting in envelope, and also the 
SWAT pack number has already been allocated to 
the patient and the address put on the envelope 

before the pack has been opened. 

Edinburgh Yes As per protocol. None 

Princess 
Alexandra Yes As per protocol.  None 

Freeman Yes As per protocol  
No issues and happy with process. Staff put 

address on envelope and post. 

Royal Free Yes As per protocol No issues. 
Staff state easy to use 

Brompton Yes As per protocol No issues currently/keeping track. 

Southampton Yes As per protocol None 
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Following the site feedback on the SWAT, any issues that had been identified were resolved 
on a site-by-site basis and it was decided to continue the SWAT at the pilot sites and to 
implement them in all additional sites for the main phase of the CLEAR trial. 

 

4.3.2 Primary Outcome (Recruitment)  
 
In total, the screening logs contained data for 1253 individuals and when matched with the 
SWAT randomisation list, a total of 368 packs were handed out across all sites. The types of 
invitation letter distributed are summarised in Table 36. 
 
Table 36: The types of invitation letters handed out (n=368) with the number and proportion of participants that 
enrolled. 

Type of Letter Number 
Distributed 

Number 
Declined 

Number 
Enrolled 

Proportion 
Enrolled 

Generic Signature and No 
Photo 

88 55 33 37.5% 

Generic Signature and Photo 88 60 28 31.8% 
Wet-ink Signature and No 
Photo 

91 65 26 28.6% 

Wet-ink Signature and Photo 101 67 34 33.7% 
Overall Total 368 247 121 32.9% 
  

Photo 189 127 62 32.8% 
No photo 179 120 59 32.0% 
Wet signature 192 132 60 31.2% 
Generic signature 176 115 61 34.7% 

 
Of the 368 potential participants given an invitation pack, 121 individuals enrolled onto the 
CLEAR trial. The types of invitation letters that they received are summarised in Figure 36, 
alongside the numbers of letters distributed. Figure 37 shows enrolment according to photo 
and type of signature. 
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Figure 36: The number of invitation letters that resulted in enrolment for the four randomisation groups (n=121). 

 
 

 
Figure 37: The number of invitation letters that resulted in enrolment for Photo vs No photo and Wet signature vs 
Generic signature. 
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4.3.2.1  Recruitment comparative analysis 
 
The separate pairings of SWAT A and B in relation to recruitment were compared using odds 
ratios. Overall, no significant differences were found across the comparisons as shown in 
Table 37 and Table 38. 
 
Table 37: Comparative analysis between Photo vs No photo and Wet signature vs Generic signature, and the 
overall effect on recruitment. An odds ratio greater than 1 indicates that recruitment is more likely to occur in the 
first group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Photo  

versus No Photo 

0.99 0.64 to 1.53 0.032 0.9745 

2. Wet Signature 

versus Generic Signature 

0.86 0.55 to 1.32 0.695 0.4870 

 
 
 
Table 38: Comparative analysis between the different types of letter and the overall effect on recruitment. An 
odds ratio greater than 1 indicates that recruitment is more likely to occur in the first group listed in the 
comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

3. Generic Signature and No Photo 

versus Generic Signature and Photo 

1.29 0.69 to 2.49 0.791  0.4288  

4. Generic Signature and No Photo 

versus Wet-ink Signature and No Photo 

1.50  0.80 to 2.81  1.268  0.2050  

5. Generic Signature and No Photo 

versus Wet-ink Signature and Photo 

1.18  0.65 to 2.15  0.550  0.5825  

6. Generic Signature and Photo  

versus Wet-ink Signature and No Photo 

1.17  0.62 to 2.21  0.473  0.6362  

7. Generic Signature and Photo  

versus Wet-ink Signature and Photo 

0.92  0.50 to 1.69  0.269  0.7876  

8. Wet-ink Signature and No Photo  

versus Wet-ink Signature and Photo 

0.79 0.43 to 1.46 0.759 0.4476 
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4.3.3 Secondary outcome (retention) 
 
16 patients who joined the CLEAR trial and whose invitation letter had been randomised in 
SWAT A and B, subsequently withdrew from the trial. Eleven patients withdrew their consent 
under their own decision. This analysis only used data for these 11 patients and not those who 
were withdrawn for reasons outside the patient's control such as adverse events or decisions 
by their responsible clinician. The distribution of these 11 patients by type of invitation letter 
is shown in Table 39 and Figure 38. Figure 39 shows enrolment according to photo and type 
of signature. 
 
Table 39: The types of invitation letters handed out (n=121) with the number and proportion of participants that 
withdrew n=11). 

Type of Letter Number 

enrolled 

Number 

remained 

Number 

withdrew 

Proportion 

withdrew 

Generic Signature and No Photo 33 28 5 15.1% 

Generic Signature and Photo 28 27 1 3.6% 

Wet-ink Signature and No Photo 26 22 4 15.4% 

Wet-ink Signature and Photo 34 33 1 2.9% 

Total 121 110 11 9.1% 
 

Photo 62 60 2 3.2% 

No photo 59 50 9 15.3% 
 

Wet signature 60 55 5 8.3% 

Generic signature 61 55 6 9.8% 
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Figure 38: The numbers of patients that withdrew from the trial and their assigned letter at enrolment (n= 11).   

  
 

 
Figure 39: The number of patients that withdrew from the trial for Photo vs No photo and Wet signature vs 
Generic signature. 
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4.3.3.1  Retention comparative analysis 
 
Patient withdrawals in the different invitation letter groups were compared using odds ratios 
and a test for significance. Overall, the one statistically significant difference was for using an 
invitation letter with a photo versus a letter with no photo, with significantly lower loss if a 
photo had been used (with photo: 2 withdrawals; without photo: 9 withdrawals), with the 
odds of a patient leaving the trial being 5.4 times greater (95% CI 1.12 to 26.15, p=0.04) if a 
photo was not used (Table 40 and Table 41). However, this finding is of borderline statistical 
significance, based on small numbers and does not take account of the possibility of 
multiplicity affecting the likelihood of statistically significant results. 
 
Table 40: Comparative analysis between Photo vs No photo and Wet signature vs Generic signature and the 
overall effect on retention. An odds ratio greater than 1 indicates that withdrawal is more likely to occur in the first 
group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Photo  

versus No Photo 

0.19 0.04 to 0.90 2.095 0.036 

2. Wet Signature 

versus Generic Signature 

0.83 0.24 to 2.89 0.287 0.774 

 
Table 41: Comparative analysis between the different types of letter and the overall effect on retention. An odds 
ratio greater than 1 indicates that withdrawal is more likely to occur in the first group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

3. Generic Signature and No Photo 

versus Generic Signature and Photo 

4.82 0.53 to 44.00 1.394 0.163 

4. Generic Signature and No Photo 

versus Wet-ink Signature and No Photo 

0.98 0.24 to 4.10 0.025 0.980 

5. Generic Signature and No Photo 

versus Wet-ink Signature and Photo 
5.89 

0.65 to 53.47 1.576 0.115 

6. Generic Signature and Photo  

versus Wet-ink Signature and No Photo 

0.20 0.02 to 1.96 1.378 0.168 

7. Generic Signature and Photo  

versus Wet-ink Signature and Photo 

1.22 0.07 to 20.47 0.140 0.889 

8. Wet-ink Signature and No Photo  

versus Wet-ink Signature and Photo 

6.00 0.63 to 57.31 1.556 0.120 

 



 
 

Page 156 of 340 
 

4.4  Discussion  
 
This is the first implementation of SWAT 53 and of this variation of SWAT 3. The analysis did 
not reveal a significant difference in recruitment when using wet signatures compared to 
generic signatures or when using or not using a photograph on the invitation letter. Based on 
the primary outcome, with an anticipated enrolment of 32.9% of patients joining when given 
any invitation letter, a sample size of 3840 letters would need to be distributed to detect 
meaningful differences. This larger sample would be able to detect a difference of 5%, with 
90% power at the 5% significance level. For the secondary outcome, assuming a withdrawal 
percentage of 9.1%, a sample size of 1470 would detect a difference of 5% at the same power 
and significance. This interim analysis explored a cohort of 368 patients who were randomised 
to one of four recruitment packs and amongst whom, 121 joined the CLEAR trial. On this 
basis, if the CLEAR trial achieves its sample size of 380 patients, more than 1200 recruitment 
packs will be distributed, which will provide more data towards the required sample size that 
can be pooled with future research to provide a definitive answer. For the secondary outcome 
exploring retention, one significant association was found. If patients got a letter that 
contained a photo, as opposed to no photo, they were more likely to remain within the trial. 
However, as noted above this result is unstable and more definitive answers for all the 
comparisons need to await further recruitment and follow-up in the CLEAR trial.  
 
There are several factors to consider in relation to these interim findings from these two 
SWAT. Firstly, in the broad view, each SWAT tested minor changes to a small part of the 
overall recruitment pack. The CLEAR trial recruitment packs contained the 1-page invitation 
letter, an 11-page PIS and a 2-page Informed Consent Form. The signature and photograph 
may not have had any conscious influence whilst potential participants focused on all the 
information and deliberated whether to join the trial. Other factors, such as the actual trial 
medication interventions (HTS and carbocisteine), trial specific risks, the number of study 
visits and time required within the trial are likely to have had much greater influence on the 
decision made. The changes on the invitation letter may have more influence in less complex 
trials or non-interventional studies with shorter documentation, or any influence may be too 
small to detect in these SWAT. For instance, an earlier study found that including an invitation 
letter, addressed directly to the patient by using their name, did not affect recruitment 
compared to sending no invitation letter at all (Tworoger et al., 2002). This suggests invitation 
letters are not as important as commonly thought. Secondly, the nature of this SWAT 
intervention is non-verbal, while a large part of recruitment to trials is verbal, with face-to-
face communication between trial staff and potential participants. It is possible that verbal 
discussions about the trial carry more influence than the documentation given to the patient, 
especially since many people with bronchiectasis are long-term patients at recruiting sites and 
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already had relations with trial staff. This was the case, in particular, with one site that largely 
spoke with their patients before giving them a pack. Related to this, an earlier study found 
that direct contact with potential participants to join a breast cancer screening program was 
more successful than just posting out invitation letters (Segura et al., 2001). Thirdly, the social 
psychological aspects of the mere-exposure effect described previously (section 4.1.4) can also 
work in a negative way. For instance, rather than a patient having a positive preference for 
the familiarity of the personal signature and doctor photograph, they may not be happy with 
past experience of their clinical environment or care. Lastly, it is important to note the clinical 
characteristics of this population, a primarily older population with a chronic disease within 
the UK which might influence the potential impact of the SWAT interventions. For instance, 
an early review by Linsky (1975) highlighted this complexity of recruitment methods used 
and their context. 
 
The findings presented in this chapter are consistent with the limited previous research into 
invitation material design. For instance, SWAT 3, 4 and 5 are currently embedded using a 
3x2x2 factorial design in the recruitment phase for a large longitudinal study (Maguire et al., 
2015). An interim analysis found that the gender of the person's signature on the invitation 
letter did not affect recruitment. Similarly, SWAT 23 tested the design of an optimised 
recruitment pack versus a generic pack for recruitment to a lung cancer trial and an analysis 
of 2262 letters found minimal differences in recruitment (Parker et al., 2018). That study had 
made widespread changes across the invitation materials including photographs and 
shortening the overall content. Earlier studies exploring optimisation of patient recruitment 
materials also found limited differences in recruitment when compared to original controls 
(Cockayne et al., 2017; Man et al., 2015). While another study, involving 1050 participants, 
found that the addition of an audio-visual DVD to the paper invitation material had no impact 
on patient recruitment (Rogers et al., 2019). The 2018 Cochrane analysis found that using 
bespoke recruitment materials had little or no effect, based on three studies available up to 
2017 (Treweek et al., 2018a), but identified an ongoing study exploring invitation letter design 
on recruitment for people with schizophrenia (Grønbech, 2018). 
 
On the other hand, the aforementioned study by Gilbert (2017) which did not recruit to a trial 
but aimed to enrol patients in NHS Stop Smoking Services, did find that letters personalised 
to include an individual’s numerous risk factors significantly increased participation. This 
suggests that it would be worth evaluating a more personalised approach for recruiting 
patients to clinical trials and that this may have more impact than generic changes. This line 
of research may need to be extended, especially into different disease areas, as the emerging 
evidence shows that impersonalised modifications to the invitation letters make little or no 
difference to recruitment and that evaluations of such changes may no longer be worthwhile 
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(Treweek et al., 2018b). Again, this is further evidenced by the aforementioned study by 
McCaffery (2019) where handwriting the patient's names decreased recruitment in a falls' 
prevention trial for people over 65 years of age. However, using a heavily personalised 
approach as by Gilbert (2017) in a clinical trial is likely to require careful regulatory and ethical 
considerations.  
 
Separate to the design of the recruitment materials, behavioural change techniques may have 
an important role in trial recruitment. A study exploring the reasons why patients decline to 
join a trial found that most are due to self-judged ineligibility or not needing the intervention 
(Hughes-Morley et al., 2016). Therefore, it may be best to highlight to patients the community 
benefit of their participation and for trialists to design trials with greater therapeutic intent 
(Miller and Brody 2003). 
 
Important strengths of this study are that it is the first to implement SWAT 3 and 53 in a large 
clinical trial and its use of allocation concealment and randomisation of the recruitment packs. 
Another strength is that this analysis adopted a 2x2 factorial design and so allowed for 
simultaneous investigation of two separate modifications to the design of the letter. Overall, 
there were no major issues in implementing this SWAT. All sites that participated in the initial 
pilot for the host CLEAR trial were happy to continue with the SWAT for the duration of the 
whole trial. A general advantage to sites was that they received pre-prepared packs from the 
Northern Ireland Clinical Trials Unit so did not need to prepare packs at site, the only caveat 
being that sites needed to store their packs appropriately in order to maintain the 
randomisation. This SWAT did not encounter any of the issues regarding approvals, costs and 
site uptake, that have been experienced in some other SWAT (Martin-Kerry et al., 2019). The 
key limitation for this study is that it is an interim analysis of around one third of the total 
anticipated data that will be included in the final analysis and, as such, is substantially under-
powered compared to that main analysis.   
 

4.4.1 Conclusion 
 
This study did not detect any significant effect on recruitment based on the type of signature 
used or the inclusion of a photograph in an invitation letter for a randomised, clinical trial in 
bronchiectasis. Given that other studies that tested various adjustments to recruitment 
materials have found similar results, such simple changes to the recruitment materials are 
unlikely on their own to have a major impact on increasing clinical trial enrolment. Other 
methods to increase recruitment should be explored, such as the use of pragmatic designs (e.g. 
open label trials) and the use of different methods for the verbal interaction with potential 
participants, as are investigated in several SWAT (e.g. SWAT 6, 17, 43, 106 and 120). For the 
trial proposed in Chapter 7 (section 7.2), a recruitment intervention directed towards patients 
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would not be feasible due to the nature of critically ill patients. Therefore, a SWAT 
intervention aimed at site investigators would be more feasible. These might include SWAT 
66, which explores site visits to initiate recruitment in sites that fail to recruit, or SWAT 99 that 
explores site initiations conducted with a comprehensive recruitment action plan.
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5.  Chapter 5: Thank you cards and patient retention (SWAT) 
 

5.1  Introduction 
 
Retention within clinical trials is a major problem, with many trials failing to retain an 
adequate number of participants to answer their research question (Probstfield and Frye, 
2011). As discussed in Chapter 4, there are few evidence-based methods to increase 
recruitment of patients to a clinical trial, and this is also true for the retention of patients 
enrolled in a trial. As with recruitment, if retention is inadequate there are implications for 
the trial's internal and external validity. This chapter explores the concept of clinical trial 
retention and presents the interim results of a SWAT that was implemented in the CLEAR 
trial with the aim of increasing retention by providing patients with a thank you card after 
they had attended each trial-related visit. The general concept of a SWAT was discussed in 
Chapter 4 under section 4.1.3 and is not repeated here. 
 
In clinical trials, after the patient has been recruited it is important to ensure that relevant 
outcomes are measured, and effective strategies are needed to encourage patients’ continued 
participation in the trial. This requires a retention initiative with a commitment equal to the 
recruitment strategy, because anything less would likely hinder the prior effort of a successful 
recruitment campaign. It would essentially be a failure if the recruitment expectation of a trial 
had been met but then the number of patients who did not have their outcomes measured 
substantially weakened the trial analyses. A high proportion of patients withdrawing from a 
trial would lead to similar problems to those arising from insufficient patients being recruited. 
These include the loss of potentially valuable healthcare and scientific knowledge along with 
a waste of resources and time. As a result, the time needed to complete a trial could be 
prolonged and its costs could increase. This could ultimately leave the research question for 
the trial unanswered or bias the results if participants from different randomised groups 
disproportionally withdraw. Therefore, reliable evidence is needed to identify effective 
strategies to retain participants in the trial. Currently, there is relatively little research to 
provide this evidence (Brueton et al., 2013).  
 

5.1.1 Rationale for this SWAT 
 
Thanking participants for their involvement in a trial was reported as a strategy with the aim 
to improve retention according to a survey of United Kingdom Clinical Trials Units (Bower et 

al., 2014). An incentive, such as the use of a hand-written thank you card as suggested in this 
chapter, may be a simple gesture of kindness and might, in turn, improve patient retention. 
Patients who receive a thank you card after each study visit may feel more valued and 
appreciated and therefor more inclined to attend future visits. This is based on the behavioural 
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psychological phenomenon called positive reinforcement. It involves the application of a 
reinforcing stimulus following a behaviour, with the intention that the behaviour will likely 
occur again in the future (Scott and Cogburn 2021). In this case, the reinforcing stimulus is the 
participant being given a thank you card and the behaviour is attending a future trial visit, 
and thereby staying enrolled in the trial. Furthermore, research suggests that a ‘thank you’ 
from trial investigators to patients is undervalued (Kumar and Epley 2018). Therefore, this 
SWAT investigated the effects of giving patients a thank you card after each study-related 
visit in the CLEAR trial. 
 
The PROMETHEUS initiative funds SWAT in large clinical trials and is currently funding 
several retention related studies. Other initiatives from the NIHR HTA programme in the UK 
and HRB-TMRN in Ireland also prioritise retention-related SWAT (Section 4.1.3). As with 
PRioRiTy I, that explored information relating to trial recruitment, the PRioRiTy II 
(Prioritising Retention in Randomised Trials) study explored retention (Brunsdon et al., 2019) 
and identified the top 20 of unanswered questions for clinical trial retention. Within the 
PRioRiTy II list, two questions are relevant to this SWAT. Question 4 is “What are the best 
ways to encourage trial participants to complete the tasks (e.g. attend follow-up visits, 
complete questionnaires) required by the trial?” and Question 18 is “What strategies (e.g. 
sending Christmas cards or saying ‘thank you’) make participants feel valued and how do 
they affect retention?” Both these questions support the rationale for the SWAT presented in 
this chapter.  
 

5.1.Previous research on clinical trial retention 
 
While arguably as important as recruitment, research relating to retention is even more 
limited and it should be a priority for trialists (Smith et al., 2014). One study found that the 
recruitment target of 151 large pragmatic trials is met in 56% of trials and the retention rate is 
estimated to be 89%, albeit with a large range of 23% to 100% (Walters et al., 2017). A Cochrane 
review published in 2013 summarised retention research up to that time (Brueton et al., 2013). 
It identified 38 studies that explored methods to increase retention, with 34 studies focused 
on increasing the response rate for trial-related questionnaires leaving only 4 focusing on the 
actual return of patients to clinic visits. Overall, only three methods were found to have a 
significant impact on increasing retention; offering monetary incentives versus no incentive, 
using recorded delivery of questionnaires versus telephone reminders, and having an open 
label trial design. The comparisons for monetary incentives were based on more than one 
study but other comparisons had to rely on single studies only.  
 
A more recent systematic synthesis found that patients’ reasons for withdrawing from a trial 
were mainly related to perceptions around their personal belief towards their perceived ‘fit’ 
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for the trial (Skea et al., 2019). These perceptions related to the patient's own health state and 
their expectations of the intervention. A key finding was that some patients did not realise 
that their actions were considered as withdrawals by the researchers.  
 
The impact of Patient and Public Involvement (PPI) on trial retention has also been explored 
in a systematic review (Crocker et al., 2018). The review found five trials and its meta-analysis 
showed no significant effect of using a PPI interventional approach, but with high 
heterogeneity between the trials.  

 
 

5.1.2 Previous research into incentives for retention 
 
As mentioned, most of the research into interventions intended to boost retention have 
focused on increasing response rates for off-site questionnaires, rather than increasing the 
return of participants for future on-site visits. For instance, the Cochrane review found only 
one study exploring the retention of participants using an incentive (Brueton et al., 2013). This 
was during a chemoprevention trial that randomised participants to receive a certificate of 
appreciation, a lapel pin, both a certificate of appreciation and a lapel pin or nothing. A total 
of 4593 participants were analysed across the four groups with no significant differences 
found with the use of incentives to increase attendance at patient visits at the 2-year follow 
up of the study (Bowen et al., 2000). The remaining three trials in the Cochrane review 
explored motivational-based behavioural strategies and case management procedures, with 
no overall benefit found compared to the standard interventions. (Chaffin et al., 2009; Cox et 

al., 2008; Ford et al., 2006).  
 

5.1.3 Aim and objective 
 
The aim of this chapter is to explore the effect of methods used to optimise participant 
retention in clinical trials. The specific objective for this research is: 
 

• To determine if giving enrolled participants a thank you card at the end of each study 
visit impacts on their time enrolled in the CLEAR trial.  
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5.2  Methods 
 
For simplicity, the SWAT reported in this Chapter is referred to as SWAT C. It was 
registered and published as SWAT 54 in the SWAT Repository Store (Anand 2017; 
Queen’s University Belfast, 2020). The first two SWATs (A and B) in this thesis are 
discussed previously in Chapter 4 and focused on exploring recruitment to the CLEAR 
trial, whereas SWAT C is focused on exploring the retention of enrolled patients.  
 

5.2.1 SWAT C Interventions 
 
SWAT C investigates the effect of giving trial participants a thank you card after each 
study visit attended whilst enrolled in the CLEAR trial. The interventions in SWAT C 
are: 

1. Generic thank you card, not including patient’s name, which is electronically 
signed and printed as “The CLEAR Trial Team”. 

2. Personalised thank you card, that includes handwriting the patient’s name and 
wet ink signature by the study staff.  

3. No thank you card. 
 

5.2.2 Outcome Measures 
 

1. Primary outcome: Proportion of participants in each of the three randomised 
groups who remain enrolled in the CLEAR trial. 

2. Secondary outcome: Duration of participant involvement in the CLEAR trial 
in each of the three randomised groups. 

 

5.2.3 Approvals  
 
SWAT C was embedded in the CLEAR trial (Bradley et al., 2019) and full details of the 
approvals of the SWAT sub-studies are outlined in Chapter 4 (Section 4.2.3). In 
addition to regulatory approvals, the thank you cards received positive feedback from 
a Public and Patient Involvement representative. Full details of these documents are 
included in the Appendix.   

 
5.2.4 Period for data collection 

 
The interim analysis presented here is based on data obtained from the beginning of 
the CLEAR trial in June 2018 to May 2020. Due to the COVID-19 pandemic, 
recruitment to the trial was paused on 12th March 2020 with a focus on retaining 
already enrolled participants. Visits were conducted remotely and thank you cards 
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were posted to patients along with their materials for the trial for each visit. The SWAT 
is planned to continue across all sites until the completion of the CLEAR trial.  
 

5.2.5 SWAT C Participating Sites 
 
Sites participating in the CLEAR trial pilot phase and the main trial were opted into 
participating in SWAT C and were informed of the procedures and protocol for 
implementation. All sites could withdraw from the SWAT at any time if they wished, 
for example because of site-specific feasibility. The participating sites are listed in the 
Appendix. 

 
 

5.2.6 Design and Implementation of SWAT C 
 
Before a patient joined the CLEAR trial, the full recruitment strategy described in 
Chapter 4, Section 4.2.6 was followed. Following successful recruitment, enrolled 
patients were randomised using mixed blocks to either receive a generic thank you 
card (group code 01), a personalised thank you card (group code 02) or no thank you 
card (group code 03) at the end of each study visit attended. The message in the cards 
thanked patients for their time in attending their visit. Full details of the instructions 
to sites, contents and design of the cards are contained in the Appendix. The relevant 
group code was recorded on the patient’s case report form at the baseline visit for 
tracking purposes. If a patient was randomised to receive a generic thank you card, 
the study staff leading the visit did not add anything to the message. If patients were 
randomised to receive a personalised thank you card, the study staff member leading 
that visit handwrote the patient's name, their own name and signed the card. If a 
patient had been randomised to receive either of the thank you cards, the relevant card 
was prospectively inserted into their study file before each scheduled visit. Before the 
COVID-19 restrictions, the cards were given to the patients by the site staff at the end 
of visits 1 to 5 as shown in Table 42. The process is summarised schematically in Figure 
40. If a patient withdrew from the CLEAR trial, the date of withdrawal was recorded 
in the off-study section of the CRF along with the reason.  
 
Table 42: The distribution schedule of thank you cards in parallel with scheduled visits in the CLEAR 
trial.. 

Visit Number: 1 2 3 4 5 

Visit Time: Base- 
Line 

Week 
2 

Week 
8 

Week 
26 

Week 
52 
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5.2.7 Analysis 
 
The primary analysis compared retention between the three groups by the number 
and proportion of patients that remained in the CLEAR trial. The secondary analysis 
compared the total time that participants remained in the CLEAR trial in relation to 
which thank you card they received. Subgroup analyses were conducted according to 
age, gender, disease severity and ethnicity, if data were sufficient. The datasets 
imported for the analysis were the CLEAR Baseline Randomisation, Demographics, 
Offstudy and Baseline Visit Checklist files. All analyses and data manipulation were 
completed using the statistical software R, (www.rstudio.com), with the exception of 
the comparative analyses which were completed on MedCalc® (www.medcalc.org.) 
Dichotomous data for withdrawal were analysed using odds ratios, 95% confidence 
intervals (CI) and a test for statistical significance (threshold p=0.05). Continuous data 
were analysed as mean differences (observed means in two independent samples) and 
also using a Kaplan-Meier time to event analysis. The full R script of the analysis is 
within the Appendix. The main transformations were matching various datasets to 
find start and end date in the CLEAR trial, reasons for withdrawals and numbers of 
cards handed out to patients.

Trial participants are enrolled into the 
CLEAR trial 

Trial participants are randomised using 
their Subject ID to one of the three SWAT 

C interventions 

At the end of each visit the patient is given 
the assigned thank you card or no thank 
you card and to allow analysis of effects 

on retention 

Figure 40: Schematic Diagram of the SWAT C process. 
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5.3  Results  
 

5.3.1 Pilot feasibility assessment 
 
After the pilot phase of the CLEAR trial, each site was contacted on 18 February 2019 and 
asked how well the SWAT was being implemented and if they had encountered any specific 
difficulties. Each site commented on how they had implemented the SWAT. Comments from 
each site are summarised in T8able 43. Two sites initially had issues with implementation but 
these were resolved. The remaining sites all implemented SWAT C according to protocol. Any 
minor queries were resolved on a site-by-site basis and the SWAT continued seamlessly into 
the main phase of the CLEAR trial. 
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Table 43: Site specific feedback on SWAT C after the pilot duration of the trial. 

Site 
SWAT thank you cards 

Using 
SWAT? How is it being implemented Any issues/comments from site 

Ninewells 
Dundee 

Yes 
(prolonged 

start) 
N/A 

Staff thought these were related to the other SWAT packs. 
Genuinely mistaken. Following explanation, staff will do a 

note to file and start using from now. 

Belfast Yes As per protocol. None 

Craigavon Yes As per protocol.  
Staff found it helpful to hole punch the brown envelope 

containing all cards and move it forward to the next visit each 
time, as a reminder to give it to the patient 

Altnagelvin Yes As per protocol. None 

Edinburgh Yes As per protocol.  

First patient was disappointed as they didn’t get randomised 
to receive a card (as also randomised to standard care). Site 

agrees for future they shouldn’t open the thank you cards 
brown envelope in front of patient or explain it. 

Princess 
Alexandra Yes As per protocol. 

None.  
Staff can see how it may be easy to forget to give them out 

as they have lots other stuff to remember including explaining 
equipment to patients. 

Freeman Yes As per protocol.   

Staff kept brown envelope containing cards with patient’s ID 
on it in working file so not to forget.  

 
Notices that one patient is getting personalise MATT cards, 

but another patient is getting personalised cards. Just 
wondered was this intentional. 

Royal Free Yes N/A 

Staff thinks may have made an error and mixed up cards last 
week but isn’t sure. Is going to check and record in CRF. 
Advised to put the envelope with cards into the patient’s 

folder 

Brompton Yes As per protocol None 

Southampton Yes As per protocol None 
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5.3.2 Primary Outcome (Retention) 
 
The time period for the data used in this analysis was the start of enrolment of the CLEAR 
trial on 27th June 2018 to 13th May 2020. In total, 146 patients were enrolled in the CLEAR trial 
during this period, of which 141 of these were randomised into SWAT C. Of these 141, 67 
patients had completed all five visits at the time of this analysis, 16 patients had withdrawn 
from the CLEAR trial and were classified as off study. Eleven withdrawals were related to the 
withdrawal of patient consent/patient choice and four were due to failed drug response 
assessment or adverse events. This analysis only uses data for the 11 patients who voluntarily 
withdrew following randomisation into SWAT C. These data are summarised in Table 44 and 
Figure 41. 
 
Table 44: Summary of SWAT C assignments (n=141) and withdrawals (n=11). 

Allocation Total 

Number 
assigned  

Number 

remaining 

Number 

withdrew 

Proportion 

withdrew 

Generic thank you card (01) 48 44 4 8.3% 

Personalised thank you card (02) 46 42 4 8.7% 

No thank you card (03) 47 44 3 6.4% 

Overall Total 141 130 11 7.8% 
 

Card 94 86 8 8.5% 

No card 47 44 3 6.4% 

 
 

 
Figure 41: Number of patient withdrawals according to SWAT C assignment (n=11). 
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5.3.2.1  Retention comparative analysis 
 
The three interventions were compared in three pair-wise comparisons and by patients who 
received any type of thank you card were grouped together and compared to those who did 
not receive a card. No significant differences were found for any of these four comparisons 
(Table 45). 
 
Table 45: Comparative analysis between the three thank you card interventions and the overall effect on 
retention. An odds ratio greater than 1 indicates that withdrawal was more likely to occur in the first group listed in 
the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Generic thank you card 

versus Personalised thank you card 

0.95 
 

0.22 to 4.07  0.063 
 

0.9498 

2. Generic thank you card 

versus No thank you card 

1.33 0.28 to 6.31 
 

0.363 
 

0.7168 

3. Personalised thank you card 

versus No thank you card 

1.40 0.29 to 6.62 
 

0.421 
 

0.6737 
 

4. Card  

versus No card 

1.36 
 

0.34 to 5.40 
 

0.443 
 

0.6581 
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5.3.2.3  Subgroup analysis (gender) 
 
A subgroup analysis based on gender showed that 8 withdrawals were female and 3 were 
male. There were no significant differences between the intervention groups in either gender 
(Table 46 to Table 49). 
 
Table 46: Summary of SWAT C assignments (n=88) and withdrawals for females (n=8). 

Allocation Total Number 

assigned  

Number 

remaining 

Number 

withdrew 

Proportion 

withdrew 

Generic thank you card (01) 32 29 3 9.4% 

Personalised thank you card (02) 32 29 3 9.4% 

No thank you card (03) 24 22 2 8.3% 

Overall Total 88 80 8 9.1% 

 

Card 64 58 6 9.4% 

No card 24 22 2 8.3% 

 
 
Table 47: Comparative analysis between the three thank you card interventions and the overall effect on 
retention for females. An odds ratio greater than 1 indicates that withdrawal was more likely to occur in the first 
group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Generic thank you card 

versus Personalised thank you card 

1.00 0.19 to 5.37 0.00 1.00 

2. Generic thank you card 

versus No thank you card 

1.14 0.17 to 7.41 0.135 0.8924 

3. Personalised thank you card 

versus No thank you card 

1.14 0.17 to 7.41 0.135 0.8924 

4. Card  

versus No card 

1.18 0.22 to 6.29 0.192 0.8475 
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Table 48: Summary of SWAT C assignments (n=53) and withdrawals for males (n=3). 

Allocation Total 

Number 
assigned  

Number 

remaining 

Number 

withdrew 

Proportion 

withdrew 

Generic thank you card (01) 16 15 1 6.3% 
Personalised thank you card (02) 14 13 1 7.1% 
No thank you card (03) 23 22 1 4.3% 
Overall Total 53 50 3 5.8% 
 

Card 30 28 2 6.7% 
No card 23 22 1 4.3% 

 
 
 
Table 49: Comparative analysis between the three thank you card interventions and the overall effect on 
retention for males. An odds ratio greater than 1 indicates that withdrawal was more likely to occur in the first 
group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Generic thank you card 

versus Personalised thank you card 

0.87 0.05 to 15.28 0.098 0.9221 

2. Generic thank you card 

versus No thank you card 

1.47 0.09 to 25.32 0.264 0.7921 

3. Personalised thank you card 

versus No thank you card 

1.69 0.10 to 29.41 0.361 0.7180 

4. Card  

versus No card 

1.57 0.13 to 18.48 0.359 0.7193 
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5.3.2.4  Subgroup analysis (age) 
 
A subgroup analysis was done based on age categories as 0-60 (6 withdrawals) and >60 years 
(5 withdrawals). There were no significant differences between the intervention groups in 
either age group (Table 50 to Table 53). 
 
Table 50: Summary of SWAT C assignments (n=77) and withdrawals (n=6) for patients aged 0-60. 

Allocation Total 

Number 

assigned  

Number 

remaining 

Number 

withdrew 

Proportion 

withdrew 

Generic thank you card (01) 23 21 2 8.7% 
Personalised thank you card (02) 25 23 2 8% 
No thank you card (03) 29 27 2 6.9% 
Overall Total 77 71 6 7.8% 
 

Card 48 44 4 8.3% 
No card 29 27 2 6.9% 

 
 
Table 51: Comparative analysis between the three thank you card interventions and the overall effect on 
retention for those aged 0-60. An odds ratio greater than 1 indicates that withdrawal was more likely to occur in 
the first group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Generic thank you card 

versus Personalised thank you card 

1.10 0.14 to 8.49 0.087 0.9306 

2. Generic thank you card 

versus No thank you card 

1.29 0.17 to 9.90 0.241 0.8093 

3. Personalised thank you card 

versus No thank you card 

1.17 0.15 to 9.00 0.154 0.8774 

4. Card  

versus No card 

1.23 0.21 to 7.16 0.228 0.8200 
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Table 52: Summary of SWAT C assignments (n=65) and withdrawals (n=5) for patients aged 60+. 

Allocation Total 

Number 
assigned  

Number 

remaining 

Number 

withdrew 

Proportion 

withdrew 

Generic thank you card (01) 25 23 2 8% 

Personalised thank you card (02) 21 19 2 9.5% 

No thank you card (03) 19 18 1 5.3% 

Overall Total 65 60 5 7.7% 

 

Card 46 42 4 8.7% 

No card 19 18 1 5.3% 

 
 
Table 53: Comparative analysis between the three thank you card interventions and the overall effect on 
retention for those aged 60+. An odds ratio greater than 1 indicates that withdrawal was more likely to occur in 
the first group listed in the comparison. 

Comparison Odds 

ratio 

95% CI interval Z statistic  P value 

1. Generic thank you card 

versus Personalised thank you card 

0.83 0.11 to 6.43 0.182 0.8552 

2. Generic thank you card 

versus No thank you card 

1.57 0.13 to 18.66 0.354 0.7231 

3. Personalised thank you card 

versus No thank you card 

1.89 0.16 to 22.75 0.504 0.6143 

4. Card  

versus No card 

1.71 0.18 to 16.43 0.467 0.6402 
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5.3.3 Secondary outcome (time in trial) 
 
On average, the 11 patients that withdrew remained in the trial for a mean time of 19.5 weeks. 
For patients who received a generic thank you card the mean was 23.7 weeks, for those 
receiving a personal thank you card it was 16.9 weeks and those who got no card the mean 
was 17.3 weeks. The mean for those that received any form of card was 20.3 weeks. Summary 
data for time enrolled from randomisation to withdrawal are summarised in Table 54 and 
boxplots in Figure 42 and Figure 43. 
 
Table 54: Summary data in weeks for patients and their time within the trial. 

 Median Mean Standard deviation Min Max 
Generic thank you card (n= 4) 21.2 23.7 20.7 1.4 51.0 
Personalised thank you card (n= 4) 17.0 16.9 11.2 6.3 27.1 
No thank you card (n= 3) 24.0 17.3 13.3 2.0 25.9 
Generic or Personalised thank you 
card (n= 8) 

21.2 20.3 15.9 1.4 51.0 

All patients  
(n= 11) 

24.0 19.5 14.6 1.4 51.0 

 
 

 
Figure 42: Boxplot for time enrolled in the trial according to generic card (n=4), personalised card (n=4) or no 
card (n=3). 
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Figure 43: Boxplot for time enrolled in the trial according to card (n=8) or no card (n=3). 

 
The difference between the mean weeks enrolled in the trial for each group were determined 
and no significant differences were found. The four comparisons and associated unpaired t-
test statistics are shown in Table 55. 
 

Comparison Difference Standard 

error 

95% CI  T statistic  P value 

1. Generic thank you card 

versus Personalised thank you card 

-6.800 11.768 -35.5949 to 
21.9949 

-0.578 0.5844 

2. Generic thank you card 

versus No thank you card 

-6.400 13.829 -41.9490 to 

29.1490 

-0.463 0.6630 

3. Personalised thank you card 

versus No thank you card 

0.400 9.229 -23.3244 to 

24.1244 

0.043 0.9671 

4. Card  

versus No card 

-3.000 10.399 -26.5241 to 

20.5241 

-0.288 0.7795 

Table 55: Comparative analysis between the three thank you card interventions and the overall effect on duration 
(weeks) enrolled in the trial. A negative difference indicates the first group listed in the comparison spent on 
average more time in the trial (https://www.medcalc.org/calc/comparison_of_means.php). 
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5.3.3.1  Kaplan-Meier Analysis 
 
Non-significance for the secondary outcome was confirmed by a Kaplan-Meier analysis that 
showed no significant difference in withdrawal between the three groups.  
 
Table 56: Summary of retention curves for the three thank you card intervention.  

Time (weeks) 
Number at 

risk 
Number of 

events 
Retention 
estimate 

Standard 
error 

Lower CI Upper CI 

Generic thank you card 

1.429 47 1 0.979 0.021 0.938 1.000 

17.006 43 1 0.956 0.030 0.898 1.000 

25.423 40 1 0.932 0.038 0.861 1.000 

51.000 27 1 0.898 0.050 0.805 1.000 

No thank you card 

2.000 47 1 0.979 0.021 0.938 1.000 

24.006 42 1 0.955 0.031 0.897 1.000 

25.851 40 1 0.932 0.038 0.860 1.000 

Personalised thank you card  

6.286 46 1 0.978 0.022 0.937 1.000 

8.000 45 1 0.957 0.030 0.899 1.000 

25.994 37 1 0.931 0.039 0.858 1.000 

27.149 35 1 0.904 0.046 0.818 0.999 
 

 
Figure 44: Kaplan-Meier analysis showing the retention probability of patients during the trial in the trial for the 
three groups. Vertical crosses indicate censored values. 
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A log rank test showed no difference in retention between the groups (p = 0.9). 
 
Table 57:   Log rank test. (Chisq= 0.2  on 2 degrees of freedom). 

Group Number Observed Expected (O-E)^2/E (O-E)^2/V 
Generic thank you card 47.000 4.000 3.750 0.017 0.026 

No thank you card 47.000 3.000 3.710 0.136 0.205 

Personalised thank you card 46.000 4.000 3.540 0.059 0.087 
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5.4  Discussion 
 
This interim analysis of SWAT 54 did not find any significant differences on retention between 
patients who received a generic thank you card, a personalised thank you card, either of the 
cards or no thank card during their time in the CLEAR trial. No differences were found in the 
subgroup analysis of age and gender, but the number of withdrawals in each subgroup is very 
small. Furthermore, there were no significant differences in the length of time that participants 
who withdrew had remained in the trial between the three SWAT groups. It is however 
important to note in the context of these findings that this is an interim analysis of 141 
randomised patients, of whom only 11 subsequently withdrew from the CLEAR trial due to 
the patient’s decision. Assuming a withdrawal rate of 8% of enrolled patients, based on this 
interim analysis (n=141 patients), and if the CLEAR trial achieves its sample size of 380 
patients, then the number of withdrawals could potentially increase to 30. A sample size of 
1576 patients would then be needed to detect a meaningful/significant difference of 5% 
between groups based on the primary outcome, with 90% power, at the 5% significance level. 
 
In addition to being an interim analysis with a small number of events (i.e. withdrawals due 
to patient decision) available for the analysis, it should also be noted that the thank you cards 
tested in this SWAT were a small part of a large complex trial. The CLEAR trial (protocol in 
Appendix) is a 2x2 factorial trial with predominantly older patients assigned to take trial 
medications up to 5 times daily, complete weekly spirometry and attend their clinic visits. The 
likely influence of providing a non-monetary token of appreciation may hold little to no 
significance to the patient amidst the practicalities of the whole trial. This was the case for one 
patient who withdrew shortly after the main trial randomisation at the baseline visit, with the 
complexity of the study cited as the reason. It is possible this may also have been a factor in 
other patients’ decisions to withdraw even though reasons were not explicit, however the 
retention rate is also high. A PROMETHEUS webinar in November 2020 highlighted that 
many patients who dropout from a trial do not realise that this action is officially classified as 
a withdrawal. These patients are also unaware of the impact that poor retention has, such as 
incomplete data for the trial's analysis and increased cost of the research. Future trials should 
highlight these aspects to patients before they are randomised, along with giving them a 
realistic expectation of the required time commitment. The second explanation for a small 
effect is that the thank you card is a physical item given to patients who were randomised to 
receive it, but this is not expected to prevent trial staff from verbally thanking the patient after 
each visit they attend. These verbal thanks would be given to all patients, regardless of 
whether they received a card or not. This verbal gesture of thanks might have an effect equal 
to, or greater, than the physical card and thereby nullify the effect of giving a card.   
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This analysis is in agreement with the aforementioned study (Bowen et al., 2000) that explored 
the effect of non-monetary items on increasing patient retention to study visits. That study 
had a much larger sample size of 4593 patients and found no increase in retention when 
providing patients with certificate of appreciation or a lapel badge. Two similar SWAT 
recently completed explored the response rate for questionnaires when patients were sent 
either a personalised text message that included their name or a standard text message. The 
first study of 345 patients was embedded in the GRASP clinical trial and found that those that 
were sent a personalised text message were significantly more likely to return their 
questionnaires (Hopewell et al., 2017). However, this is in contrast to the other SWAT 
(embedded in the OTIS trial), for which an analysis of 403 patients found no significant 
differences between a personalised text and standard text on response rates (Cochrane et al., 
2020). In addition to these few examples, two similar SWAT are ongoing. The first is the 
SWHSI-2 trial which is testing the effect of thank you cards on the return of questionnaires 
from patients at two time points in the trial. The investigators post the thank you cards to 
participants in between study visits, rather than giving them to patients at study visits, as 
performed in the CLEAR trial (up to the point of restrictions implemented due to the COVID-
19 pandemic). Recruitment to the SWHSI-2 trial began in late 2018 and it had recruited more 
than 200 patients as of December 2020 (SWHSI-2 Trial, 2020). The second similar SWAT is 
ongoing in multiple trials coordinated by the Clinical Trials Unit at the University of 
Aberdeen (University of Aberdeen, 2020). The SWAT (SWAT 83) explores if giving Christmas 
cards to trial participants improves retention and is currently embedded in eight different 
trials with distinct disease areas, with an analysis planned for 2021. 
 
A recent meta-analysis, presented at a PROMETHEUS webinar in November 2020, showed 
that including a pen to increase questionnaire response rates significantly increased these 
rates. Five SWAT were combined, totalling more than 13,000 patients with three studies 
individually not showing any significant differences (Bell et al., 2016; Cunningham-Burley et 

al., 2020; James et al., 2020; Mitchell et al., 2020; Sharp et al., 2007). This meta-analysis adds to 
the evidence base that non-monetary incentives are likely to significantly improve retention. 
In addition, it shows the value of the SWAT concept, demonstrating that methodology studies 
can be embedded across multiple trials in relatively quick succession with results that can be 
then combined.   
 
The main strength of the analysis presented in this chapter is that it is the first implementation 
and analysis of SWAT 54 to explore the effect of thank you cards on retention to clinic visits. 
The SWAT was implemented successfully as a randomised study within a large multicentre 
trial and assignment of SWAT allocation was concealed minimising selection bias (Anand et 

al., 2020). Similarly, to SWAT A and B (chapter 4), the packs of thank you cards were prepared 
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in advance by the NICTU and distributed to sites. As previously mentioned, the main 
limitation to the study is that it is an interim analysis and under-powered for a moderate effect 
size. There were no major issues with implementation and few minor issues identified and 
resolved during the pilot phase. One of these was resolved by clarifying the difference 
between this SWAT and the recruitment SWAT A and B to the specific site. The other minor 
issue was that one site opened the patients SWAT randomisation pack in front of the patient, 
leading to the patient's disappointment at not being randomised to receive a card. This 
highlights the need for SWAT exploring recruitment and retention methods keep patients 
unaware of their SWAT assignment.  
 
Although this analysis did not find any significant differences, this SWAT could be 
implemented in a variety of different trials without impacting the aims of those host trials. 
This chapter shows that SWAT 54 could be implemented in the CLEAR trial and that similar 
SWAT have been successfully embedded in other trials. All these SWAT combined will add 
to the evidence base needed for a definitive answer on whether or not thank you cards or 
similar interventions increase retention.  
 

5.4.1 Conclusion 
 
This chapter presented the implementation and interim findings of SWAT 54 within the 
CLEAR trial. Although no significant differences were found in retention for patients who 
received a thank you card or no thank you card at each trial-related visit, or for the 
personalisation of the card, there have been very few events to date and the current data are 
under-powered to detect a moderate, but important, difference. This is the first time that this 
SWAT has been implemented and given that research into non-monetary incentives for 
retention is very limited in relation to patient visits and the return of questionnaires, it is 
important to continue this research in the CLEAR trial and to add it to other trials to determine 
the best methods to use to minimise the waste that comes from poor retention in clinical trials 
(Ioannidis et al., 2014). For the trial proposed in Chapter 7 (section 7.2), a retention SWAT 
directed towards patients whilst under ventilation would not be feasible due to the nature of 
critically ill patients. However, the retention along with the return of follow-up questionnaires 
could be explored. An example is SWAT 51 that promotes group identity which could be done 
using physical incentives, and in this situation, thank you cards could be given to patients 
upon their discharge out of hospital, in the hope that they will remain in the trial and return 
follow up questionnaires that are sent to them.
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6.  Chapter 6: A systematic review exploring mucoactive agents for 
acute respiratory failure 

 

The main content from this chapter has been published in the journal Thorax (Anand et al., 
2020a) and also presented as preliminary results at the Irish Thoracic Society 2018 and 
Intensive Care Society 2018 conferences (see section vi).  

6.1  Introduction 
 
This chapter presents a systematic review to synthesise evidence and to aid the design of 
another clinical trial. An area of respiratory and critical care medicine where there is 
uncertainty is the use of mucoactive agents in critically ill, ventilated patients with acute 
respiratory failure (ARF), and whether the use of these agents improves clinically important 
outcomes. The following chapter will introduce the background to ARF, mucoactives, the 
development and results of the systematic review and the directions for future clinical 
research.  

6.1.1 Systematic Reviews 
 
As previously mentioned in Chapter 1 (section 1.5.4) Systematic reviews are an essential 
feature of evidence-based medicine and a well conducted review is regarded as the strongest 
form of evidence. They assess the evidence base in a systematic and unbiased way and aid in 
the early stages of clinical research and inform healthcare practice and policy (Higgins et al., 
2019). The earliest form of a systematic review can be traced back to 1753, when James Lind 
attempted to gather all known information on the topic of scurvy (Clarke & Chalmers, 2018). 
More recently, advances in technology and communication have resulted in faster analysis 
and reviews now can involve a number of global team members. The searching of all relevant 
data sources to answer a key question provides an overview of the current evidence available, 
what past trials have been completed or are ongoing and if possible, a synthesis of similar 
data in an attempt to resolve any uncertainty. Should trials or data not be found, or be of low 
quality, then a high-quality trial should likely be conducted to answer the clinical question 
and add to the evidence base. The results of a systematic review usually inform a variety of 
aspects of a clinical trial involving the interventions, population and outcomes. With 
systematic reviews forming a cornerstone of evidence-based medicine, a number of initiatives 
have been formed to ensure that conduct and reporting of systematic reviews are high quality. 
These include publications such as the Prefered Reporting of Systematic Reviews and Meta-
Analyses checklist (PRISMA) that lists essential steps that must be taken for a review, with a 
number of journals requiring completion of the checklist for publication (Liberati et al., 2009). 
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There are also multinational, multidisciplinary organisations dedicated to reviews and their 
methodology such as The Cochrane Collaboration and The Campbell Collaboration.  

 

6.1.2 Acute Respiratory Failure and Mechanical Ventilation 
 
ARF is a common cause of admission into intensive care units (ICU) and is associated with 
high acute and late mortality rates (Prescott et al., 2018; Force et al., 2012; Bellani et al., 2016). 
ARF can be hypoxemic meaning that not enough oxygen is in the blood, or hypercapnic 
meaning that there is too much carbon dioxide in the blood. There are several underlying 
causes for ARF that include obstruction, injury and acute respiratory distress syndrome 
(ARDS). The main symptom is disruption to breathing and so the mainstay of respiratory 
supportive therapy is invasive and non-invasive mechanical ventilation (Narendra et al., 
2017). Non-invasive ventilation is the delivery of oxygen without the need for an endotracheal 
airway whereas invasive mechanical ventilation requires insertion of an endotracheal airway, 
usually to a sedated patient (Davidson et al., 2016; BTS Guideline, 2002). High Flow Nasal 
Oxygen (HFNO) is another ventilation treatment option for ARF that delivers warm and 
humidified gas via nasal cannula at upto four times the rate of standard oxygen therapy.  

The proportion of patients within ICUs are mechanically ventilated is considerable. Audit 
data from the United States suggests that up to 40% of patients may be receiving mechanical 
ventilation at any given time. In the UK per annum, an estimated 116,000 adult ICU 
admissions alone are for respiratory support (Harrison, 2014). With such large proportions, 
and more recently due to the COVID-19 pandemic, the need to find out what therapies 
improve outcomes and reduce ventilation times for ARF patients is crucial.   

6.1.3 Mucoactive agents 
 
Patients mechanically ventilated in the ICU for ARF can experience mucus accumulation due 
to several reasons including infection, muscle weakness, mucociliary escalator dysfunction, 
suppression of cough reflex due to analgesia and sedation used to facilitate invasive 
ventilation (Konrad et al., 1994). Targeted respiratory physiotherapy treatments, including 
mucoactive agents, are used to manage secretion retention (Magazine et al., 2015; Mahmood 
et al., 2013). Mucoactive agents are a class of medications that aid the removal of mucus from 
the lung and are generally subclassified into four categories according to their mechanism of 
action (Balsamo et al., 2010; Linssen et al., 2020). Firstly, mucolytics, such as N-acetylcysteine 
work by breaking crosslinking of the large mucin glycoproteins in secretions. Secondly, 
mucoregulators such as carbocisteine work intracellularly by decreasing mucus production. 
Thirdly, expectorants such as hypertonic saline work by osmotically increasing water content 
and so increasing the airway hydration. Lastly, mucokinetics such as ambroxol work by 
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increasing pulmonary mucus transport by acting on the cilia. This classification is not strict as 
it is known that some mucoactive agents, such as hypertonic saline (HTS), have multiple 
mechanisms of action (Elkins & Bye, 2011). Mucoactives can be delivered to patients either via 
inhalation direct to the lungs or systemically; oral or intravenous. 

6.1.4 Previous evidence and mucoactive use 
 
There are no systematic reviews on the use of mucoactive agents in mechanically ventilated 
or HFNO populations specific to ARF. Furthermore, the National Institute for Health and Care 
Excellence (NICE, 2018) the British Thoracic Society (Davidson et al., 2016) and the Intensive 
Care Society (Davidson et al., 2016; The Faculty of Intensive Care Medicine, 2019) do not 
provide published recommendations regarding mucoactive agent use in this population. In 
contrast to the lack of efficacy evidence and guidance, surveys show mucoactive agent usage 
is common (Ehrmann et al., 2013; Grivans et al., 2009; Ehrmann et al., 2016) with a recent survey 
of ICU- level practice finding mucoactive agents were used in 83% of ICU in the UK, albeit 
with notable variation in prescribing practices (Borthwick et al., 2020). This survey indicated 
high use of N-acetylcysteine, hypertonic saline, and carbocisteine, with the most highly 
ranked indication for use being thick secretions, and the most widely expected benefit being 
reduced duration of mechanical ventilation. Therefore, practice relating to the use of 
mucoactive agents is currently being mainly guided by anecdotal evidence, local experience 
and clinician preference.  

6.1.5 Recruitment in critical care trials 
 
Research on barriers to the completion of clinical trials in critically ill patients is scarce and 
includes aspects on patient recruitment and staff retention (Pattison et al., 2019). This patient 
population is unique as the recruitment timeframe is narrow and usually time dependent 
resulting in over 50% of recruitment opportunities being missed (Burns et al., 2013). 
Additional challenges exist as many patients cannot make autonomous decisions so informed 
consent for their enrolment can be obtained from surrogate decision makers (SDMs) that can 
include family members (Bibas et al., 2019). A recent narrative review exploring recruitment 
strategies concluded that more effective clinician strategies are needed (Raven-Gregg et al., 
2021). The review differed to the Cochrane recruitment review (Treweek et al., 2018; see 
Chapter 4, section 4.1.2), that explored interventions directed to the patient, rather than 
holistic strategies that involve patients, relatives and clinicians. 

 

6.1.6 Objectives 
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• To systematically review the current evidence for the use of mucoactive agents in 
critically ill patients with ARF, with the objective of determining improvement on 
clinically important outcomes.  

• To explore recruitment strategies in eligible trials found. 
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6.2  Methods 
 
The systematic review was conducted in accordance with a predefined protocol published on 
PROSPERO (Identifier: CRD42018095408). Deviations between this review and protocol are 
listed in the Appendix with justifications. 

6.2.1 Types of studies 
 
Any design of clinical trial was included that compared at least one mucoactive agent with 
standard care or placebo in ventilated patients (including HFNO) with ARF. Excluded were 
observational, case series, pilot/feasibility and longitudinal studies.   

6.2.2 Types of participants 
 
Adults (at least 15 years old) who were mechanically ventilated, either invasively, non-
invasively, or had received HFNO for treatment of ARF. Invasive mechanical ventilation was 
defined as a participant requiring an artificial tracheal airway. Non-invasive ventilation was 
defined as application of respiratory support via a sealed facemask, nasal mask, mouthpiece, 
or full-face visor or helmet, without the need for tracheal intubation. HFNO was defined as 
any cannula sitting within the nostrils and delivering heated and humidified oxygen with a 
gas flow rate of ≥ 20 L/min (Millette et al., 2018). ARF was defined to include the following 
conditions: acute hypoxic respiratory failure (type 1), acute hypercapnic respiratory failure 
(type 2), acute respiratory distress syndrome (ARDS), and acute lung injury (ALI). Patients 
could present with one or more of these conditions. Patients with pre-existing chronic 
respiratory conditions with sputum abnormalities such as bronchiectasis or cystic fibrosis 
were excluded, however patients with other chronic respiratory conditions, including COPD, 
were included. 

6.2.3 Types of interventions 
 
We included trials involving at least one mucoactive agent. A mucoactive agent was defined 
as any agent used to assist the removal of mucus/sputum from the lungs (Balsamo et al., 2010; 
Icard & Rubio, 2017). Also included were trials with any method of delivery, as mucoactive 
mechanisms of action impact on the same clinical outcomes (Sadowska, 2012). Isotonic saline 
(ITS) was not regarded as an active mucoactive agent as it was used as the placebo/control 
group in several trials.   

6.2.4 Outcomes 
 
The primary outcome for invasive/non-invasive ventilated patients was duration of 
ventilation and for HFNO patients was intubation rate. Secondary outcomes were time to 
extubation, re-intubation, number of ventilator free days at day 28, duration of ICU stay, 
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duration of hospital stay, mortality (all cause within 28, 60 and 90 days), health-related quality 
of life, adverse events/development of other pathologies and healthcare related costs. All 
outcomes included were from a recently published core outcome set for trials of interventions 
intending to modify the duration of mechanical ventilation (Blackwood et al., 2019). 

6.2.5 Search strategy 
 
Searches were conducted through three electronic databases (MEDLINE, EMBASE, Cochrane 
Central Register of Controlled Trials), three clinical trial registries (EU Clinical Trial Register, 
ClinicalTrials.gov, World Health Organisation (WHO) trial registry) and grey literature 
(OpenGrey). With the aid of a medical librarian, a comprehensive search strategy was 
developed using appropriate medical subject headings (MeSH) and keywords. Full details of 
the search strategy are in the Appendix. The references of relevant articles were also checked 
for potentially eligible trials. All searches were from database inception to 9th January 2020. 
The search was for English language only articles. 

6.2.6 Data collection and analysis 
 
Search results were imported into a systematic review manager (Covidence: 
www.covidence.org) for screening and data extraction. 

6.2.7 Selection of studies 
 
Two review authors (RA and CY) independently screened titles and abstracts from the 
searches for inclusion. The full-text of publications was retrieved for potentially eligible 
studies.  Full text publications were additionally also independently screened for inclusion by 
a third review author (DM) to confirm inclusion. Any disagreements or uncertainties were 
resolved through discussion or with consultation of the other review authors.  

6.2.8 Data extraction 
 
Data from included trials were extracted independently by two review authors (RA and CY) 
including: the type and setting of the study, sample size/recruitment target, specific 
recruitment strategy, number of potential participants screened, number of participants 
enrolled, eligibility criteria (Full details of which are in the Appendix), nature of the 
intervention(s) in each group (dose and route of administration of mucoactive agent), time-
points of outcome measurement and results of outcomes. Any disagreements were resolved 
through discussion or with consultation of the other review authors. Study authors were 
contacted to request data that were not reported or insufficient in the main publication.   

6.2.9 Assessment of risk of bias 
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Two review authors (RA and CY) independently used the Cochrane Risk of Bias tool for 
randomised trials within Covidence (Higgins et al., 2011). Risk of bias was assessed across 
eight domains: sequence generation, allocation concealment, blinding of outcome assessors, 
blinding of participants, blinding of personnel, selective outcome reporting, incomplete 
outcome data and other sources of bias. Each potential source of bias was marked as high, low 
or unclear.  

6.2.10 Measures of effect 
 
The unit of analysis was the participant. Binary variables were calculated as odds ratios (ORs) 
with 95% confidence intervals (CI). Continuous variables were calculated as mean differences 
(MD) with 95% CIs. When analysing for mortality, the longest fully reported follow up was 
used (Roth et al., 2016). Meta-analyses were performed using Review Manager 5.3 and 
statistical heterogeneity evaluated using the I2 statistic, with a value of >50% implying 
substantial heterogeneity (Higgins et al., 2003). Trials with standard care or a placebo as a 
comparator were grouped as ‘non-mucoactive agent’ and synthesised together. This was then 
compared to the pooled mucoactive group. Mean values were estimated from trials that 
reported any relevant median values using methodologies from Wan et al (Wan et al., 2014). 
Analysis was undertaken using random methods models. 

For the NEBULAE trial (Meenen et al., 2018), the control group (routine nebulisation of a 
mucoactive agent) was regarded as the mucoactive agent group in the analyses and the ‘on-
demand’ group was regarded as the control/standard care. The analyses compared the 
routine nebulisation group i.e. the intervention group to a subset of patients from the on-
demand group that received no nebulisations i.e. the control group (n= 268). This excluded 
patients that received N-acetylcysteine (NAC) and salbutamol treatment in the control group. 
In the original trial the control group was the routine nebulisation group, and the intervention 
group was the on-demand group. 

 

6.2.11 Subgroup analysis 
 
Where possible, meta-analysis were performed based on specific mucoactive agent when 
there was adequate data. This included a subgroup analysis of mucoactive agent type for 
duration of ventilation, mortality and duration of ICU stay. There were insufficient trials to 
test subgroup differences in other outcomes.  
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6.2.12 Sensitivity analysis 
 
Sensitivity analyses were not undertaken due to the small number of trials and a lack of 
aggregate data (Deeks et al., 2019). 

6.2.13 Quality of evidence 
 
Five authors (RA, JB, BB, BC and BON) determined an overall certainty of the evidence for the 
outcomes using the principles of the GRADE system (Grades of Recommendation, 
Assessment, Development and Evaluation) to rate  the strength of findings into one of four 
levels: high, moderate, low or very low (Balshem et al., 2011).  A  ‘Summary of Findings’ table 
was generated using GRADEpro software (www.gradepro.org) to present outcome-specific 
information regarding overall certainty of evidence from studies.  Certainty of evidence was 
assessed according to study design, risk of bias, inconsistency, indirectness, imprecision, 
publication bias, and any other factors e.g. confounding, and downgraded by one (for serious) 
or two (for very serious) levels as necessary.  

6.3 Results 
 

6.3.1 Literature search 
 
The search identified 557 results (Figure 45). After importing into Covidence, 5 duplicates 
were identified and removed. After title and abstract screening, 510 records were excluded 
leaving 42 records for full text screening. After full text screening, 13 completed trials were 
eligible for inclusion in the review (Meenen et al., 2018;  Dahruog  et al., 2017; Masoompour et 

al., 2015; Domenighetti et al., 1997; Suter et al., 1994; Bernard et al., 1997; Yong-Jun et al., 2014; 
Jepsen et al., 1992; Ortolani et al., 2000; Moradi et al., 2009; Bandeshe et al., 2016; Saleh & Omar, 
2017; Dixon et al., 2010) with 2 trials identified as ongoing (Prisma Health-Midlands, 2018; 
ClinicalTrials.gov, 2017). A list of the 27 excluded studies, with reasons for exclusion, are 
within the Appendix. Also included within the Appendix are the numbers of search results 
found from each data resource. 
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Figure 45: PRISMA flow diagram 
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6.3.2 Study characteristics and risk of bias 
 
Characteristics of included trials are summarised in Table 58. All studies were prospective randomised parallel group controlled trials, totalling 
1712 patients. Mucoactive agents investigated included NAC (n=8 trials), heparin (n=3 trials), ambroxol (n=1 trial) and hypertonic saline (HTS) 
(n=1). Nine trials included patients with acute lung injury or ARDS, and 4 trials with a mixed ARF population. The number of participants in the 
trials ranged from 27 to 922. The longest follow up was reported at 90 days. No trials involved patients receiving HFNO.  

Table 58: Characteristics of Included Studies in the Review. 

Author and 
year 

No. of 
participants 

Age (years, 
mean ± SD) 

Population 
(ventilation as 

described in paper) 
Mucoactive agent  

intervention and dose Control  
Duration to 
last follow 
up (days) 

Outcomes measured 
relevant for this review 

Bandeshe 
2016* 214 

Placebo: 59 
Usual care: 62 
Intervention: 

57 
(reported as 

medians) 

Mixed 
(invasive mechanical 

ventilation) 

Heparin 
(Nebulised; 2ml 5000 
units every 6 hours) 

Placebo (0.9%) NaCl 
Usual care Not reported 

Mortality, ICU stay, hospital 
stay, duration of mechanical 

ventilation and adverse events. 

Bernard 1997  46 
Control: 47 ± 4 
Intervention: 

43 ± 6 

ARDS  
(mechanically 

ventilated) 

N-acetylcysteine 
(Intravenous; 70 mg/kg, 
every 8h, for 10 days) 

Placebo 
(5% dextrose in water) 30 Mortality, ventilator free days 

at day 30 and adverse events. 

Dixon 2010 50 

Control: 55.5 ± 
17.0 

Intervention: 
56.0 ± 16.5 

Mixed 
(invasive mechanical 

ventilation) 

Heparin  
(Nebulised; 25,000 U/5 
mL every 4 or 6 hours) 

Placebo 
(0.9% NaCl) 60 

Mortality, ventilator free days 
at day 28, ICU stay, hospital 

stay and adverse events. 

Domenighetti 
1997 42 

Control: 52.4 ± 
17 

Intervention: 
52.1 ± 17.8 

 

ARDS 
(invasive and non-
invasive ventilation) 

N-acetylcysteine 
(Intravenous; 190 

mg/kg/day, for 2 days) 

Placebo 
(not defined in paper) 

ICU 
discharge  

(not 
reported) 

Mortality, ICU stay, duration of 
ventilation and adverse events. 

Jepsen 1992 66 

Control: 51.5 
Intervention: 

50.5 
 
 

ARDS 
(tracheal intubation) 

N-acetylcysteine 
(Intravenous; 150 mg/kg 
then 20 mg/kg/hr for 6 

days) 

Placebo 
(not defined in paper) 60 Mortality. 

Masoompour 
2015 40 

Control: 50.6 ± 
21 

Intervention: 
59.7 ± 22 

Mixed 
(invasive ventilation) 

N-acetylcysteine 
(Nebulised; 2ml of 20%, 

3 times per day) 

Control 
(Isotonic saline) 1 Mortality. 
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Moradi 2009 27 

Control: 49.2 ± 
4.5 

Intervention: 
48.4 ± 5.5 

ARDS/ALI 
(mechanically 

ventilated) 

N-acetylcysteine 
Intravenous; 150 mg/kg 
diluted in 5% dextrose 

day 1 then 50 
mg/kg/day for 3 

consecutive days) 

Placebo 
(5% dextrose) Not reported 

Mortality, ICU stay and 
duration of mechanical 

ventilation. 

Ortolani 2000 36 

Control: 55 ± 
13 

Intervention: 
57 ± 14 

 

ARDS 
(artificial ventilation) 

N-acetylcysteine 
(Intravenous; 50 mg/kg 
in 5% dextrose, every 

8h for 9 days) 

Placebo 
(5% dextrose in water) 30 Mortality and ICU stay. 

Saleh 2017 80 

Control: 34.8 ± 
14.8 

Intervention: 
34.3 ± 14.6 

ARDS 
(mechanical 
ventilation) 

Heparin 
(Nebulised; 5000 IU 

heparin mixed with 3ml 
of normal 

Saline every 4 hours) 

Standard Care 
(Conventional management of ARDS: 
Mechanical ventilation with open lung 
protective strategy, conservative fluid 

management, solumedrol at a dose of 1 
mg/kg/d, antimicrobials and bronchodilators if 

needed) 

End of ICU 
stay 

Mortality, ICU stay and 
duration of mechanical 

ventilation. 

Suter 1994 61 

Control: 48.1 ± 
21.9 

Intervention: 
46.6 ± 19.7 

Acute lung injury 
(invasive ventilation) 

N-acetylcysteine 
(Intravenous; 40 

mg/kg/d for 3 days) 

Placebo 
(not defined in paper) 

ICU 
discharge  

(not 
reported) 

Mortality, ICU stay and 
adverse effects. 

Van Meenen 
(NEBULAE) 

2018** 
922 

 
Control: 66 

Intervention: 
65 

(Median 
values 

reported) 

Mixed 
(invasive) 

On demand N-
acetylcysteine 

(Nebulised; 300 mg with 
2.5mg salbutamol) 

Routine N-acetylcysteine 
(300 mg with 2.5mg salbutamol, 4 times daily 

for upto 28 days) 
90 

Mortality, duration of 
ventilation, ventilator free days 
at day 28, ICU stay, hospital 
length of stay and adverse 

events. 

YongJun 
2014 68 

Control: 57 ± 8 
Intervention: 

58 ± 12 

ARDS 
(invasive and non-
invasive ventilation) 

Ambroxol 
(Intravenous; 1005 
mg/day, for 7 days) 

Placebo 
(0.9% Isotonic saline) Not reported Duration of ventilation, ICU 

stay and hospital stay. 

Zaytoun 2017 60 

Control: 41.87 
± 16.44 

Intervention: 
41.30 ± 14.13 

ARDS 
(invasive ventilation) 

Hypertonic saline 
(Nebulised; 3%, 4ml 

once daily, for 7 days) 

Control 
(not defined in paper) 30 

Mortality, duration of 
mechanical ventilation, ICU 
stay and adverse events. 

* Standard care and placebo were combined as one group using methodology from the Cochrane Handbook Table 7.7, as this was a three arm trial comparing placebo, mucoactive and standard care. 

** The control group (routine nebulisation) was regarded as mucoactive group in the analyses and the on-demand group was regarded as the control/standard care. The analyses compared the routine nebulisation group to a 

subset of patients from the on-demand group that received no nebulisations (n= 268). This excluded patients that received NAC and salbutamol treatment in the control group.  
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Risk of bias assessment is described in Figure 46. Six trials(Meenen et al., 2018;  Dahruog  et 
al., 2017; Masoompour et al., 2015; Bernard et al., 1997; Ortolani et al., 2000; Dixon et al., 2010) 
were judged as high risk of bias in at least one domain, six trials Domenighetti et al., 1997; 
Suter et al., 1994; Yong-Jun et al., 2014; Jepsen et al., 1992; Moradi et al., 2009; Saleh & Omar, 
2017) were deemed as an unclear risk of bias across at least three domains and one trial 
(Ortolani et al., 2000) overall had a low risk of bias. Ten trials (Dahruog et al., 2017; 
Masoompour et al., 2015; Domenighetti et al., 1997; Suter et al., 1994; Bernard et al., 1997; Yong-
Jun et al., 2014; Jepsen et al., 1992; Ortolani et al., 2000; Moradi et al., 2009; Saleh & Omar, 2017) 
had high or unclear risk of bias due to allocation concealment and nine (Dahruog et al., 2017; 
Masoompour et al., 2015; Domenighetti et al., 1997; Suter et al., 1994; Yong-Jun et al., 2014; 
Jepsen et al., 1992; Ortolani et al., 2000; Moradi et al., 2009; Saleh & Omar, 2017) due to sequence 
generation. Twelve (Meenen et al., 2018;  Dahruog  et al., 2017; Masoompour et al., 2015; 
Domenighetti et al., 1997; Suter et al., 1994; Bernard et al., 1997; Yong-Jun et al., 2014; Jepsen et 
al., 1992; Ortolani et al., 2000; Moradi et al., 2009; Saleh & Omar, 2017; Dixon et al., 2010) trials 
had high or an unclear risk of bias due to blinding. All trials were at a low risk of attrition 
bias. One trial (Bernard et al., 1997) was at high risk of reporting bias.  
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Figure 46: Risk of bias for included trials. 
(van Meenen 2018 had stated in their protocol that an economic analysis would be performed. This however was not within the 
trial publication. Following correspondence with authors this was a shared decision by them and the editor of JAMA. This cost 
related data is currently being used to prepare a separate publication to be submitted aside of the main clinical results. 
Therefore, we assessed RoB for selective outcome reporting as low.) 
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6.3.3 Duration of mechanical ventilation 
 
The duration of mechanical ventilation was reported in 7 trials (Meenen et al., 2018; Dahruog  
et al., 2017; Domenighetti et al., 1997; Yong-Jun et al., 2014; Moradi et al., 2009; Bandeshe et al., 
2016; Saleh & Omar, 2017) (n = 1226 patients). Pooled analysis showed no effect with the use 
of mucoactive agents with high heterogeneity (MD -1.34, 95% CI [-2.97, 0.29], p= 0.11, I2 = 82%) 
(Figure 47). There was no noticeable publication bias with funnel plot estimates (Figure 50). 
 

 
Figure 47: Duration of ventilation. Forest plot of comparison: mucoactive agent vs placebo/standard care (IV: 
intravenous, Neb: nebuliser) 
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Figure 48: Funnel plot of comparison: Mucoactives versus non-mucoactives for outcome of Duration of 
Ventilation 

 
6.3.4 Mortality 

 
Mortality was reported in 12 trials (Meenen et al., 2018;  Dahruog  et al., 2017; Masoompour et 
al., 2015; Domenighetti et al., 1997; Suter et al., 1994; Bernard et al., 1997; Jepsen et al., 1992; 
Ortolani et al., 2000; Moradi et al., 2009; Bandeshe et al., 2016; Saleh & Omar, 2017; Dixon et al., 
2010) (n = 1428 patients). Mucoactive agents had no effect on mortality (OR 0.75, 95% CI [0.52, 
1.08], p= 0.12, I2 = 32%). Subgroup analysis showed no difference in reduction of mortality 
with use of NAC IV (OR= 0.72, 95% CI [0.42, 1.24], p= 0.24, I2 = 3%), NAC neb (OR= 0.98, 95% 
CI [0.55, 1.74], p= 0.94, I2 = 26%) or heparin (OR= 0.89, 95% CI [0.50, 1.58], p= 0.63, I2 = 0%) all 
with low heterogeneity (Figure 49). There was no noticeable publication bias with funnel plot 
estimates (Figure 50). 
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Figure 49: Mortality. Forest plot of comparison: mucoactive agent vs placebo/standard care (IV: intravenous, Neb: 
nebuliser) 

 
Figure 50: Funnel plot of comparison: Mucoactives versus non-mucoactives, for outcome of mortality. 
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6.3.5 Duration of ICU stay 
 
Duration of ICU stay was reported in 10 trials (Meenen et al., 2018; Dahruog  et al., 2017; 
Domenighetti et al., 1997; Suter et al., 1994; Yong-Jun et al., 2014; Ortolani et al., 2000; Moradi 
et al., 2009; Bandeshe et al., 2016; Saleh & Omar, 2017; Dixon et al., 2010) (n = 1362 patients). 
There was a difference in duration of ICU stay favouring the use of mucoactive agents with 
high heterogeneity (overall mean difference= -3.22, 95% CI [-5.49, -0.96], p= 0.005, I2 = 89%). 
Subgroup analysis showed a difference in reduction of ICU stay with NAC IV with low 
heterogeneity (overall mean difference= -4.70, 95% CI [-7.92, -1.48], p= 0.004, I2 = 25%) and no 
difference in ICU stay with the use of nebulised heparin (overall mean difference= -3.01, 95% 
CI [-6.91, 0.88], p= 0.13, I2 = 85%) (Figure 51). There was slight publication bias with funnel 
plot estimates (Figure 52). 
 

 
Figure 51: Duration of ICU stay. Forest plot of comparison: mucoactive agent vs placebo/standard care (IV: 
intravenous, Neb: nebuliser) 
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Figure 52: Funnel plot of comparison: Mucoactives versus non-mucoactives for outcome of Duration of ICU stay. 

 
6.3.6 Duration of hospital stay 

 
The duration of hospital stay was reported in 4 trials (Meenen et al., 2018; Yong-Jun et al., 2014; 
Bandeshe et al., 2016; Dixon et al., 2010) (1067 = patients).  Pooled analysis showed no 
difference with the use of mucoactive agents with high heterogeneity (overall mean 
difference= -2.05, 95% CI [-5.87, 1.76], p= 0.29, I2 = 81%) (Figure 53). 
 

 
Figure 53: Duration of hospital stay. Forest plot of comparison: mucoactive agent vs placebo/standard care (IV: 
intravenous, Neb: nebuliser) 

 
6.3.7 Ventilator free days 

 
Three trials reported ventilator free days, two at day 28 (Meenen et al., 2018; Dixon et al., 2010) 
and one trial reported at day 30 (Bernard et al., 1997). Pooled analysis showed no difference in 
the number of ventilator free days at day 28 with high heterogeneity (overall mean difference= 
2.35, 95% CI [-1.76, 6.45], p= 0.26, I2 = 77%) (Figure 54). For one study, (Bernard et al., 1997) the 
median number of ventilator free days was 11 for the mucoactive agent group and 3 for the 
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placebo group. This study could not be incorporated into the meta-analysis as the mean (SD) 
could not be estimated.  
 

 
Figure 54: Ventilator free days at day 28. Forest plot of comparison: mucoactive agent vs placebo/standard care 
(Neb: nebuliser) 

 
6.3.8 Intubation rate, time to extubation, reintubation, health related quality of life and 

healthcare related costs 
 
No trials reported outcomes for intubation rate, time to extubation, reintubation, health 
related quality of life or healthcare related costs.  

 
6.3.9 Adverse Events and development of other pathologies 

 
Three trials (Meenen et al., 2018; Bernard et al., 1997; Bandeshe et al., 2016) investigating 
nebulised NAC, intravenous NAC and nebulised Heparin respectively, reported on adverse 
events in both arms. Four further trials reported the number of adverse events only in the 
mucoactive agent arm of the study. Two trials analysed differences between groups. The 
NEBULAE trial (Meenen et al., 2018) reported that the proportion of patients developing 1 or 
more nebulization-related adverse events was significantly higher in the mucoactive group 
that received nebulised NAC (P < 0.001), however the development of other 
pathologies/pulmonary complications were not significantly different between the two 
groups. One trial (Dahruog et al., 2017), investigating nebulised HTS, reported a significantly 
higher development of ventilator associated pneumonia (VAP) in the control group, but did 
not report the original number of events in each arm (P = 0.014). One trial (Dixon et al., 2010) 
investigating nebulised heparin reported no differences in number of days that patients had 
blood stained sputum. Further details on adverse events are summarised in Table 59. 
 
Table 59: Reporting of adverse events and development of other pathologies 

Study  Number of adverse events 

 Mucoactive Placebo/Standard Care 

Bandeshe* 5 4 in placebo 
1 in standard care 

Bernard 0 0 
Domenighetti  0 No value reported 
Jepsen 1 No value reported 
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Masoompour 0 (Authors however could 
not evaluate all adverse 
effects) 

No value reported 

Suter 0 No value reported 
Van Meenen*  137 0 
 Development of other pathologies/pulmonary 

complications 
Bandeshe*  
(VAP) 

20 17 in placebo 
19 in standard care 

Van Meenen*  228 204 

Zaytoun 
(VAP) 

Values not reported however VAP was reported as more 
common in the control group (P = 0.014). 

*these trials reported adverse events in detail such as reporting on severity and relatedness to the intervention.  
 
 
 

6.3.10 Summary of findings 
 
Certainty of evidence is summarised in Table 60.  Downgrading of certainty levels was 
primarily related to high risk of bias and imprecision (high heterogeneity).  
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Summary of Findings: Mucoactive agents compared to non-mucoactive agents for acute respiratory failure 

Patient or population: Ventilated with acute respiratory failure  
Setting: Intensive Care (ICU) 
Intervention: Mucoactive agents  
Comparison: Non-mucoactive agents  

Outcomes 
№ of participants 

(studies) 
Follow-up 

Certainty of the evidence 
(GRADE) 

Relative effect 
(95% CI) 

Anticipated absolute effects 

Risk with non-
mucoactives 

Risk difference with 
Mucoactives 

Duration of Ventilation  1226 
(7 RCTs)  

⨁◯◯◯ 
VERY LOW a	 -  The mean duration 

of Ventilation was 0  

MD 1.34 lower 
(2.97 lower to 0.29 

higher)  

Mortality  1428 
(12 RCTs)  

⨁⨁⨁◯ 
MODERATE b 

OR 0.75 
(0.52 to 1.08)  336 per 1,000  61 fewer per 1,000 

(128 fewer to 17 more)  

Duration of ICU stay  1362 
(10 RCTs)  

⨁◯◯◯ 
VERY LOW c -  The mean duration 

of ICU stay was 0  

MD 3.22 lower 
(5.49 lower to 0.96 

lower)  

Duration of Hospital stay  1067 
(4 RCTs)  

⨁◯◯◯ 
VERY LOW d -  

The mean duration 
of Hospital stay was 

0  

MD 2.05 lower 
(5.87 lower to 1.76 

higher)  

Ventilator Free Days at Day 28  785 
(2 RCTs)  

⨁◯◯◯ 
VERY LOW e -  

The mean ventilator 
Free Days at Day 28 

was 0  

MD 2.35 higher 
(1.76 lower to 6.45 

higher)  
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Summary of Findings: Mucoactive agents compared to non-mucoactive agents for acute respiratory failure 

Patient or population: Ventilated with acute respiratory failure  
Setting: Intensive Care (ICU) 
Intervention: Mucoactive agents  
Comparison: Non-mucoactive agents  

Outcomes 
№ of participants 

(studies) 
Follow-up 

Certainty of the evidence 
(GRADE) 

Relative effect 
(95% CI) 

Anticipated absolute effects 

Risk with non-
mucoactives 

Risk difference with 
Mucoactives 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention (and its 95% CI).  
 
CI: Confidence interval; OR: Odds ratio; MD: Mean difference  

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility 
that it is substantially different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

Table 60: GRADE and Summary of Findings 

Explanations 
a. Risk of bias was deemed serious as the majority of trials (6/7) had an unclear or high risk of bias in at least one domain. Inconsistency was deemed as very serious due to high heterogeneity (I2= 82%). 
b. Risk of bias was deemed serious as the majority of trials (11/12) had an unclear or high risk of bias in at least one domain. 
c. Risk of bias was deemed serious as the majority of trials (9/10) had an unclear or high risk of bias in at least one domain. Inconsistency was deemed as very serious due to high heterogeneity (I2= 89%). 
d. Risk of bias was deemed serious as the majority of trials (3/4) had an unclear or high risk of bias in at least one domain. Inconsistency was deemed as very serious due to high heterogeneity (I2= 81%). 
e. Risk of bias was deemed serious as both trials (2/2) had an unclear or high risk of bias in at least one domain. Inconsistency was deemed as very serious due to high heterogeneity (I2= 77%). 
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6.3.11 Recruitment 
 
Recruitment details for twelve of the included trials are summarised in Table 61. Only four trials had stated a sample size calculation or 
recruitment target related to the number of patients they wished to enrol and three of these trials met at least 95% of their recruitment target. 
Five of the eight trials that did not mention a recruitment target, however, did acknowledge that they had a small sample size/lack of power. 
Four of the twelve trials mentioned the number of participants that were screened, with the mean screening to enrolment ratio being 12.2 : 1 
(range 4.0 – 30.8). No trials mentioned a specific recruitment strategy or framework other than where they would recruit from. Overall, both 
older and relatively new trials reported poorly on recruitment details. 
 
Table 61: Recruitment details of included trials (n=12). Data for YongJun 2014 could be extracted for this study as it could not be translated for this aim. 

Study Sample size/ 
Recruitment target 

Number of 
participants 

enrolled 

Percentage of 
recruitment target 

met 

Number of 
participants 

screened 
Screening to 

enrolment ratio 
Specific 

recruitment 
strategy 

Other relevant information 

Bandeshe 2016 924 214 23.2% 2103 9.8 None mentioned 

A pragmatic decision was made to 

cease trial recruitment on the basis 

futility in December 2013 due to a 

revised sample size calculation 

requiring 22000 patients 

Bernard 1997 None mentioned 46 N/A Not mentioned N/A None mentioned 
Authors noted they had a small sample 

size that lacked power 

Dixon 2010 None mentioned 50 N/A 1537 30.8 None mentioned N/A 

Domenighetti 1997 None mentioned 42 N/A None mentioned N/A None mentioned N/A 

Jepsen 1992 52 66 127% None mentioned N/A None mentioned N/A 

Masoompour 2015 40 40 100% 159 4.0 None mentioned 

Authors note that sample sizes would 

have to be “22, 26, and 78 for within 

group, between groups, and within-

between interactions, respectively.” 

Moradi 2009 None mentioned 27 N/A None mentioned N/A None mentioned N/A 

Ortolani 2000 None mentioned 36 N/A None mentioned N/A None mentioned 
Authors note that the sample is too 

small for some outcomes. 

Saleh 2017 None mentioned 80 N/A None mentioned N/A None mentioned Authors acknowledge small sample size 

Suter 1994 None mentioned 61 N/A None mentioned N/A None mentioned Authors acknowledge small sample size 

Van Meenen 

(NEBULAE) 2018 
950 922 97.1 3809 4.1 None mentioned N/A 

Zaytoun 2017 None mentioned 60 N/A None mentioned N/A None mentioned Authors acknowledge small sample size 
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6.4 Discussion 
 
This systematic review found that use of mucoactive agents did not improve outcomes 
including duration of ventilation, mortality, duration of hospital stay or ventilator free days 
at day 28, although they did decrease ICU stay. The GRADE evaluation showed that the 
certainty level of evidence for four outcomes in the review was very low, with only mortality 
having a moderate level of certainty of evidence. Certainty of the evidence was primarily 
impacted by a risk of bias mostly related to inadequate random sequence generation and 
allocation concealment for included trials. We acknowledge there are differences in our risk 
of bias assessment in some trials that were also included in a previous review by Tarrant 
(2019), these differences are listed and explained within the Appendix. There are a number of 
reasons that could be attributed to these results of this Chapter. Firstly, a number of the trials 
included had small sample sizes and so were likely underpowered.  Secondly, some trials had 
mixed patient populations with various underlying conditions. Thirdly, the trials included 
used a variation of dosing methods and both invasive and non-invasive ventilation strategies. 
Together these factors likely contributed to the high heterogeneity of the meta-analyses. 
Overall, these findings indicate that further evidence is required to determine the effectiveness 
of mucoactive agents for critically ill patients with ARF. Future trials should be designed to 
address the methodological limitations identified in studies included in this review. This 
systematic review echoes a previous expert narrative review in 2017 which concluded use of 
mucoactive agents within the critically ill is in need of evidence-based recommendations 
(Icard & Rubio, 2017). 
 
Two mucoactive agents that are used within critical care units, recombinant human DNase 
(also known as RhDNase) and carbocisteine, had no trials associated with them, highlighting 
the lack of evidence to support their reported use in ventilated patients with ARF. This mirrors 
findings from a review of aerosolised mucoactive agents in hospitalised patients (Sathe et al., 
2015) and guidelines by The American Association for Respiratory Care (Strickland et al., 
2015), although these publications were not exclusively targeted at critically ill patients in the 
ICU. There is however evidence of effect with these mucoactive agents in other respiratory 
conditions. Carbocisteine shows benefit for patients with chronic obstructive pulmonary 
disease (Zheng et al., 2008) and RhDNase for cystic fibrosis (Yang et al., 2016). However, it 
should not be assumed that a mucoactive agent demonstrated to be effective in one clinical 
population will necessarily be effective in another population and indeed there may be 
potential for harm. For example, although there is evidence to support RhDNase in cystic 
fibrosis, a well-designed and powered clinical trial showed it was not effective and potentially 
harmful in a bronchiectasis population (O'Donnell et al., 1998). Of note, there is currently an 
ongoing trial exploring the use of nebulised RhDNase in ventilated ARF patients. This trial 
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aims to recruit 500 patients to explore the use of to reduce the incidence of ARDS 
ClinicalTrials.gov, 2017). Expected to complete in 2021, it will likely provide much needed 
evidence to guide the use of RhDNase for ARF.  
 
Eight trials in this review explored the effectiveness of NAC IV and a subgroup analysis 
highlighted that there was no benefit in mortality or duration of ventilation, however, there 
was a reduction in ICU stay. The analysis of NEBULAE (Meenen et al., 2018), with nebulised 
NAC, showed no improvement with outcomes with some evidence suggesting it may be 
associated with more adverse events. This review supports the conclusions of a previous 
systematic review highlighting the need for more data to support use of NAC in the critically 
ill (Tarrant et al., 2019). Another review focusing on NAC use in ARDS also found a reduction 
of ICU stay based on 3 trials (Lu et al., 2019). However, these reviews did not use the full core 
outcome set (Blackwood et al., 2019) for ventilated trials or search for HFNO trials. Of note 
there is a small ongoing trial exploring nebulised NAC in 52 ARDS patients (Prisma Health-
Midlands, 2017). 
 
The second most common mucoactive found in this review was nebulised heparin, showing 
no improvement in clinical outcomes with the exception of one of the three trials (Dixon et al., 
2010) that showed an improvement in ventilator free days. One trial that explored ambroxol 
showed improvements in duration of ventilation and reduced ICU and hospital stay, 
however, ambroxol is not available for prescription in the UK. One trial (Dahruog et al., 2017) 
exploring the efficacy of HTS showed significant reductions in mortality, duration of 
mechanical ventilation and ICU stay but this trial was small with serious methodological 
flaws.  
 
Recruitment details of the included studies were poorly reported with only four trials stating 
a sample size and four trials stating the number of patients screened during the study. A mean 
recruitment ratio of 12.2:1 suggests that enrolment could be much more efficient. This poor 
reporting of the number of patients screened in clinical trials has previously been reported in 
other diseases areas (Harris-Brown and Paterson 2015) and is noted as an informative and 
undervalued metric for trials to report (Cavallo et al, 2018), given the widespread recruitment 
problem within clinical trials, as described in Chapter 4. 
 
The strength of this review is that it is the first to answer mucoactive use in ventilated patients 
with ARF whilst following prespecified methods using a published protocol, with duplicate 
and independent screening and data extraction. Another major strength is that a subgroup of 
data was obtained from one large trial to strengthen the meta-analysis providing a more 
accurate estimate of effect. This review searched and extracted data around the full core 
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outcome set for ventilated trials (Blackwood et al., 2019), with a five-member panel grading 
the quality of evidence for each outcome. The core outcome set is a list of outcomes that should 
be measured as agreed by an international consensus of experts. The major limitations of the 
results are the relatively small number and large heterogeneity of included trials, the low 
quality of evidence, and lack of relevant reported outcomes and associated data. Not all trials 
reported fully on adverse events, which leaves important questions surrounding the safety 
and tolerability of mucoactive agents. Also, not all trials reported adequate recruitment 
information that could have been used to design more robust trials in the future. 
 

6.5 Implications for future research 
 

Future research based on the results of this systematic review are directed towards a large 
clinical trial to provide a definite answer. A recent survey of ICU level practice and a point 
prevalence survey exploring the use of mucoactive agents in acute respiratory failure (ARF), 
showed HTS and carbocisteine are the most commonly used medications (Borthwick et al., 
2020). Mucoactive usage was further evidenced by a recent qualitative study in UK 
physiotherapy practice (Connolly et al., 2020). Now alongside this systematic review, these 
surveys and qualitative studies provide strong justification for the need of a clinical trial to 
explore the effectiveness of HTS and carbocisteine for patients with ARF. 
 
Methodologically, the proposed trial would be limited to invasively ventilated patients with 
ARF. As it is likely that ARF is caused by numerous critical care syndromes (Reddy et al., 
2020), it would allow enrolment of a general population where the need for treatment of thick 
mucus secretions might be universal in invasively ventilated patients. The primary outcome 
should be chosen as one that is important to both clinicians and patients and would probably 
be duration of mechanical ventilation or duration of ICU stay; while other outcomes should 
be those from the core outcome set for trials of mechanical ventilation (Blackwood et al., 2019).  
There is a strong rationale to divide the population into subgroups based on underlying 
conditions to investigate any differences to treatment response, noting that this data was 
lacking for the systematic review. More generally, the trial should be pragmatic in design. 
This might include an adaptive platform design (Angus et al., 2019) or a factorial design as 
was used in the CLEAR trial. This would allow investigation of more than one mucoactive 
agent, preferably with distinct mechanisms of action. Follow up data collection from patients 
who are discharged from hospital should ideally be collected remotely to minimise the burden 
on the survivors and to cope with unexpected circumstances such as pandemic restrictions. 
The CLEAR trial has shown that key outcomes, such as HRQOL and respiratory specific 
questionnaires, can be obtained successfully via telephone. The lung function study, reported 
in Chapter 3, showed that spirometry data can be collected remotely and this should also be 
possible for the follow-up of the discharged ICU patients in this proposed trial, allowing the 
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collection of key recovery information. The trial would likely be conducted with an open label 
design, rather than using a placebo control, therefore, an objective primary outcome with 
blinded outcome assessment should be included to reduce the main forms of bias (Anand et 
al., 2020b). This conditional trial, based on the systematic review, is discussed further in the 
final chapter. 
 
If shown to be effective, these mucoactive agents could have positive impacts on clinical 
outcomes such as duration of ventilation, ICU stay and mortality. There is also potential for 
financial savings for healthcare providers such as reduced costs associated with shortened 
critical care dependency and hospital stay. Also, in times of increased ICU demand such as 
during the COVID-19 pandemic, strategies that reduce the time patients require mechanical 
ventilation would be beneficial both to these patients and to others who require admission to 
ICU. Conversely, if these interventions are shown to be ineffective or harmful, this would 
provide an evidence base against their ongoing use. Healthcare resource use could be 
significant in terms of staff time to administer HTS because it is a nebulised therapy, rather 
than given orally or intravenously, making it especially important to show that it is clinically 
effective. It is also important to note that these mucoactive agents have a relatively low cost 
and are widely available and even in the face of a lack of robust evidence to support their use 
in practice, some clinicians might prescribe them but, if used in large numbers of critically ill 
patients, the overall cost could be substantial.  
 

6.5.1 Conclusion 
 

In conclusion, the evidence found within this systematic review suggests that use of 
mucoactive agents does not improve most clinical outcomes in ventilated patients with ARF. 
The findings do not support the current widespread clinical practice of various mucoactive 
agents in mechanically ventilated patients with ARF. However, there was considerable 
heterogeneity in included trials and the certainty of this evidence is low. Therefore, until 
further evidence is available, mucoactive agent use should be considered with caution in this 
population. In addition, recruitment strategies and metrics of trials were poorly reported. This 
systematic review justifies investment in large, high quality randomised controlled trials to 
explore the use of commonly used mucoactive agents, where evidence does not already exist 
(e.g. carbocisteine) or is not adequate (e.g. HTS), to inform practice. Such trials should be 
adequately powered and include appropriate outcomes from the core outcome set for 
ventilated trials whilst reporting fully on adverse events. 
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7. Chapter 7: Discussion and future research  
 

7.1  Discussion 
 

This thesis has investigated novel clinical trial methods within a large multi-centre trial of 
treatments for bronchiectasis. It also presented a systematic review that informed design of a 
future trial. This programme of research shows that multiple important methodology studies can 
be successfully implemented in a clinical trial, with aims that are independent to those of the host 
trial. This implementation of methodology research did not impact on the integrity of the host trial 
and can generate data that answers important questions around how to optimise the conduct of 
trials. Such information can be fed back into in the host trial to make minor changes to enhance 
the trial or can have a broad impact to guide the design and operation of future trials.  
 
The research in this thesis has several implications for future clinical trials and for routine clinical 
practice. For bronchiectasis trials, the use of patient reported outcome measures investigated in 
Chapter 2, was shown to be feasible for detecting and collecting changes related to exacerbations 
within the framework of the newly proposed EMBARC consensus definition (Table 4). The 
EMBARC criteria itself encompassed the vast majority of leading symptom changes that were 
experienced by patients at the start of an exacerbation and shows that this is an acceptable 
standardised measure for bronchiectasis trials. If these standard patient reported outcomes are 
adopted for use in future trials, it will allow trial questions to be answered with reliability and for 
accurate comparisons between trials that use exacerbations as an outcome measure. This would 
ultimately lead to better evidence-based decisions involving both patients and healthcare 
providers. The fact that all the required outcomes for EMBARC symptoms in the analysis were 
patient reported brings bronchiectasis closer to current research processes for other respiratory 
diseases such as COPD and cystic fibrosis, which have significant, validated patient reported 
outcomes (Mackay et al., 2018; Ratnayake et al., 2020). My research suggests that there are three 
key areas for further research. Firstly, a principal components analysis would potentially group 
clusters of symptoms that worsen at the start of an exacerbation and whether they aligned to those 
in the EMBARC criteria. This, along with checking the internal consistency, would provide the 
validation needed to use EMBARC with confidence. Secondly, further investigation of the 
symptoms at the end of an exacerbation would allow care to be directed to patients who did not 
fully recover or had symptoms that had worsened since the start of exacerbation. Lastly, the 
development of full standardised core outcome set and core outcome measurements set for 
bronchiectasis, which would be likely to include the EMBARC criteria, would be advisable, setting 
a consistent methodology for future clinical trials. 
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Chapter 3 shows that the use of remote spirometry, which was completed independently by 
patients off site, was clinically similar to spirometry completed in clinic under professional 
supervision. Traditionally in respiratory medicine, spirometry and pulmonary function tests have 
been recommended, within the UK and abroad, as a procedure required to be undertaken under 
supervision if they are to be regarded as ‘good’ quality (Hill and Morgan 2016; Coates et al., 2014). 
However, my results challenge this view by showing that patients with bronchiectasis who are 
given moderate training can complete good quality spirometry measurements on their own using 
the PARI mySpiroSense spirometer. Mean adherence to spirometry was measured at just under 
70%, without any weekly prompts to remind patients. It is likely that other patients with similar 
chronic respiratory diseases could benefit from using remote spirometry. Some evidence already 
suggests that this is feasible for patients with, CF, IPF and COPD (Funnell et al., 2020; Russell et 
al., 2016; Rodriguez-Roisin et al., 2016). In addition to use in clinical trials, the translation of patient-
led spirometry into routine clinical practice for monitoring patients would be feasible because 
there would be few, if any differences between ‘in trial’ remote spirometry and that used outside 
of the trial setting. This would provide respiratory physicians with greater medical overview 
when managing patients remotely. In addition, routine spirometry in the general population 
would provide datasets for RWE epidemiological studies, that would reflect clinical experience 
across a larger and more diverse distribution of patients (Nazha et al., 2021). However, presently 
remote spirometry should not be used as a replacement for respiratory disease diagnosis. Two 
further areas of research are recommended. Firstly, due to the limited evidence found in the 
scoping review of past studies, a full systematic review and meta-analysis would provide clarity 
on the validity of home spirometry for these patients. Secondly, as there was a limited dataset for 
the linear mixed model, this should be analysed again on completion of the CLEAR trial to explore 
the link between lung function and exacerbations.  
 
As both spirometry and exacerbations were successfully assessed primarily remotely, this has 
implications for wider aspects of trial design. The potential for both these procedures to be 
completed outside of the traditional hospital setting would support greater patient accessibility to 
clinical research studies. This was shown to be possible during the COVID-19 pandemic when 
many clinical trials were halted, but the CLEAR trial was able to continue follow-up because the 
primary outcome was assessed remotely. Greater accessibility may also address the ongoing 
problem of poor recruitment to trials, allowing a greater pool of patients to be approached 
including those for whom the travel to the clinical site for outcome assessment might be a 
deterrent. Reduced in-person visits also reduce clinic and staff time needed, leading to potential 
cost benefits in a time when clinical trial costs are rising (Sertkaya et al., 2016). This would also 
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reduce the carbon footprint of the trial (Lyle et al., 2009). Further research into the cost savings of 
remote spirometry and exacerbation assessment would provide further evidence to underpin 
decisions about the use of these methods for bronchiectasis and other respiratory conditions in 
both research and routine practice. In the CLEAR trial, the patients used the mySpiroSense 
spirometers at home without any need for clinician interaction. However, for exacerbations, a 
clinician was required to administer the RSSQ questionnaire by telephone. To further optimise 
autonomous collection, an electronic interface on a mobile phone or tablet could be developed. 
This application would guide the patient to complete assessment of their exacerbation through a 
series of questions and visual cues. Internal algorithms could then determine the characteristics of 
the exacerbation and course of action, such as recommending that the patient should contact their 
doctor for further evaluation and, perhaps, the prescription of antibiotics. Such artificial 
intelligence based systems would need high validity and reliability but nonetheless have been 
developed in other medical specialities including chronic disease (Ahuja 2019; Mohammadzadeh 
et al., 2014). Chapters 2 and 3 also align with the wider NHSX framework of moving towards a 
digital healthcare transformation, part of which encompasses the increase in remote monitoring 
of patients with chronic diseases (NHSX 2020).  
 
Research into improving recruitment and retention is worthwhile and important. As discussed in 
Chapter 1, getting patients enrolled in a trial and maintaining their engagement are among the 
greatest challenges in clinical research today and these challenges are responsible for large 
proportions of trial overspend and failure (Campbell et al., 2007; Feller 2015). The novel SWATs, 
with preliminary results presented in Chapters 4 and 5, were successfully embedded in the 
CLEAR trial, with virtually no issues raised by any of the sites, all of whom took part. The small 
sample size available for both SWAT at the time of the interim analysis presented in this thesis 
was, as expected, insufficient to detect a clear benefit or harm of the tested interventions on 
recruitment or retention. The research did not show significant effects on recruitment of using a 
wet signature or a photograph on the invitation letter, although patients may be less likely to 
withdraw from the trial when given a letter with a photograph. For the retention SWAT, there 
was no significant differences in withdrawal rates when patients were given a thank you card 
after each trial related visit. These interim findings and the evidence from other studies that is 
discussed in the Chapters 4 and 5 (Cunningham-Burley et al., 2020; James et al., 2020; Mitchell et 
al., 2020), suggest that subtle changes to invitation letters or the use of thank you cards are unlikely 
to increase recruitment or retention substantially but completion of these studies in the CLEAR 
trial would provide more data. One pragmatic feature of the recruitment SWAT in chapter 4 was 
the 2x2 factorial design, allowing the simultaneous testing of two interventions. This was shown 
to be feasible and further recruitment research might adopt a similar approach with other 
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interventions including educating site staff, better integration of trials into routine clinical care 
and use of novel technology (Healy et al., 2018). Research into recruiting and retaining clinical trial 
participants needs to remain a high priority because of the poor evidence base and the importance 
of both to the overall success of a trial. 
 
The final element in my programme of research was a systematic review about the effects of using 
mucoactives in ventilated patients with ARF (chapter 6) which informed the development of a 
rigorous clinical trial in this population. The review found that mucoactives do not appear to 
improve clinically important outcomes, but the certainty of evidence was low because most of the 
trials in the meta-analyses were methodologically poor. In addition, there were no trials for two 
mucoactive agents that are commonly prescribed in the UK, HTS and carbocisteine. Patient 
recruitment and screening details were poorly reported in the trials included in the review. This 
lack of robust data on the screening-recruitment proportion (or "conversion" rate) leaves future 
trials without a metric that might help to inform their design but, this and other elements in this 
thesis support the need for a well powered, high quality pragmatic clinical trial of mucoactive 
agents in critical care, with embedded methodology research and clear reporting. The design of 
such a trial is presented in the next section. 
 

7.2 A future clinical trial 
 

A trial that incorporates much of these features, which was directly informed by the systematic 
review in Chapter 6, was recently proposed and awarded funding by the NIHR Health 
Technology Assessment Programme (NIHR, 2020). The MARCH trial (Mucoactives in Acute 
Respiratory failure: Carbocisteine and Hypertonic saline) is a one year, 2x2 factorial trial 
investigating HTS and carbocisteine in ventilated patients with ARF. MARCH is planned to open 
for enrolment in 2021 with a recruitment target of approximately 2000 patients from 40 ICU across 
the UK. It has been designed by critical care experts and trialists, alongside patient and public 
involvement so it is hopeful that MARCH will provide a definitive answer for the effectiveness of 
common mucoactives for ventilated patients. The primary outcome is duration of mechanical 
ventilation and secondary outcomes include duration of ICU stay, mortality, HR-QOL and health 
service use, as found per the systematic review and contained in the core outcome set (Blackwood 
et al., 2019). The inclusion of HR-QOL is important, as this outcome was not reported in any of the 
trials found in the systematic review but encompasses how the patient recovers after leaving the 
ICU.  Health service use will also allow an economic evaluation to assess cost-effectiveness of the 
two mucoactive agents, which, again, was not available for the systematic review. In addition to 
answering the main the trial questions of clinical and cost effectiveness, a SWAT study has been 
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embedded in MARCH that aims to improve trial retention. The study, SWAT 51 on the SWAT 
Repository Store of the Northern Ireland Methodology Hub (Queen’s University Belfast, 2020) 
will test incentives based on behavioural theory to promote group identity and boost retention. 
 

7.3  Final conclusion 
 

This thesis contributes to key areas in the methodology of clinical trials, including patient reported 
outcomes, remote assessment, patient recruitment, patient retention and conditional trial design. 
As mentioned in the opening paragraph the overarching aim of this research was to help improve 
the methods used in clinical trials, and it has shown that these novel methods, including remote 
spirometry and implementation of the EMBARC criteria, are feasible and can be used to improve 
the design and conduct of future respiratory trials. This should help patients who volunteer their 
time to aid medical research and help healthcare researchers when making decisions about the 
trials whilst reducing research waste. Although much of the focus of the programme of research 
presented in this thesis is focused on bronchiectasis, the evidence generated and suggestions for 
future research are relevant beyond a single condition into the wider area of respiratory medicine 
and health research more generally in alignment with a number of concepts within the future of 
UK clinical research delivery plan (Department of Health and Social Care 2021). As such, the thesis 
ends with a demonstration of how the accumulated evidence can be used to inform a new 
pragmatic clinical trial for patients with acute respiratory failure. The experience that will be 
gained in this new trial, and in the CLEAR trial, together with developments in global trial 
methodology will hopefully contribute to further advances in the quality and conduct of clinical 
trials, ultimately improving patient care.  
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1.2 CLEAR Protocol as Published in trials 
 

 

 

 

 

A 2 × 2 factorial, randomised, open-label 
trial to determine the clinical and 
costeffectiveness of hypertonic saline (HTS 
6%) and carbocisteine for airway clearance 
versus usual care over 52 weeks in adults 
with bronchiectasis: a protocol for the 
CLEAR clinical trial 
Judy Martina Bradley1*, Rohan Anand1, Brenda O’Neill2, Kathryn Ferguson3, Mike Clarke4, Mary Carroll5, 
James Chalmers6, Anthony De Soyza7, Jamie Duckers8, Adam T. Hill9, Michael R. Loebinger10, Fiona 

Copeland11, 
Evie Gardner12, Christina Campbell12, Ashley Agus12, Alistair McGuire13, Roisin Boyle12, Fionnuala 

McKinney12, 
Naomi Dickson12, Danny F. McAuley1, Stuart Elborn1 and On behalf of the CLEAR study group 

Abstract 

Background: Current guidelines for the management of bronchiectasis (BE) highlight the lack of evidence to 

recommend mucoactive agents, such as hypertonic saline (HTS) and carbocisteine, to aid sputum removal as part 

of standard care. We hypothesise that mucoactive agents (HTS or carbocisteine, or a combination) are effective in 

reducing exacerbations over a 52-week period, compared to usual care. 
Methods: This is a 52-week, 2 × 2 factorial, randomized, open-label trial to determine the clinical effectiveness and 

cost effectiveness of HTS 6% and carbocisteine for airway clearance versus usual care - the Clinical and 

costeffectiveness of hypertonic saline (HTS 6%) and carbocisteine for airway clearance versus usual care (CLEAR) 

trial. Patients will be randomised to (1) standard care and twice-daily nebulised HTS (6%), (2) standard care and 

carbocisteine (750 mg three times per day until visit 3, reducing to 750 mg twice per day), (3) standard care and 

combination of twice-daily nebulised HTS and carbocisteine, or (4) standard care. The primary outcome is the 

mean number of exacerbations over 52 weeks. Key inclusion criteria are as follows: adults with a diagnosis of BE 

on computed tomography, BE as the primary respiratory diagnosis, and two or more pulmonary exacerbations in 

the last year requiring antibiotics and production of daily sputum. 
Discussion: This trial’s pragmatic research design avoids the significant costs associated with double-blind trials 

whilst optimising rigour in other areas of trial delivery. The CLEAR trial will provide evidence as to whether HTS, 

carbocisteine or both are effective and cost effective for patients with BE. 
(Continued on next page) 
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Background 

Background information 

Bronchiectasis (BE) is a debilitating chronic illness caused by irreversible dilatation, thickening and sac-like 
formations in bronchial walls. Patients usually suffer from a persistent cough, chronic daily sputum expectoration, 
recurrent chest infections and poor health-related quality of life (HRQoL) [1, 2]. Current estimates suggest around 
5 in 1000 people in the UK have BE [3, 4] with higher numbers of patients being diagnosed with BE due to 
increased use of high-resolution computed tomography (HRCT) [5]. Mortality in the 52 weeks after a BErelated 
exacerbation is as high as 30% [6]. Morbidity is also high and UK hospitals admission data indicate that BE was 
the primary diagnosis in 1 in 1800 admissions, with a sevenfold increase in hospital bed days needed for treating 
BE in the first decade of the 21st century [7, 8]. 

Mucus hypersecretion is a clinical feature of BE. Airway mucosal infection often gives rise to inflammatory 
mediators [9], including neutrophil-derived DNA and filamentous actin, in addition to apoptotic cells and cellular 
debris that may collectively increase mucus production and viscosity. This mucus retention aids bacterial infection 
that can lead to pulmonary exacerbations, which further develops the “viscous cycle” of mucus retention, infection, 
inflammation and tissue damage [10]. Mucoactive drugs target this cycle by potentially increasing the ability to 
expectorate sputum and/or decrease mucus hypersecretion. Mucoactive drugs are classified in terms of their 
proposed primary mechanism of action: expectorants induce mucus expulsion, mucoregulators reduce mucus 
secretion, mucolytics decrease viscosity and mucokinetics increase cilia activity. 

Rationale for the study 

The current guidelines indicate that mucoactive drugs plus airway clearance may be considered to enhance sputum 
expectoration in BE [11, 12] but Cochrane reviews have shown that the evidence to support their use is limited. 
Recent reviews have demonstrated that DNase and mannitol do not reduce exacerbations [13, 14]. In clinical trials, 
DNase increased exacerbations and resulted in a significant decrease in lung function [15]. And, as shown in a 
recent overview of reviews, evidence for the effectiveness of hypertonic saline (HTS) and carbocisteine is 
insufficient to recommend them within the management of BE [16]. However, European Multicentre 
Bronchiectasis Audit and Research Collaboration (EMBARC)/UK Bronchiectasis Registry (BRONCH-UK) data 
show that BE centres do prescribe mucoactive drugs. This is important because adherence to therapy in BE in 
general is low and decreases as the number of prescribed medications increases, and is also related to poorer 
patient outcomes, including the number of pulmonary exacerbations and quality of life [17]. Therefore, it is 
essential that only those drugs that are effective should be prescribed for patients with BE. There are cost 
considerations associated with mucoactive drugs, and there is a risk of polypharmacy side effects. 

Rationale for the interventions (use of HTS and carbocisteine) 

The physiological rationale for the use of HTS in BE is based on its osmotic effects on the airway surface layer 
that improves airway hydration and accelerates mucus transportability, especially when combined with airway 
clearance techniques (ACT). There have been multiple, crossover studies exploring the use of HTS in BE [18–21] 
that support these effects. The only long-term (1 year) randomised, parallel-group study did not demonstrate long-
term efficacy of HTS (6%) compared to placebo [22], but this “no effect” result may have been due to poor study 
design or lack of power, the way in which exacerbation data were collected, a true lack of effect of HTS on mucus 
clearance or due to chance. Thus, the need to explore the use of HTS in BE remains, and patients and practitioners 
need to have these important uncertainties resolved. The physiological rationale for carbocisteine is based on its 
ability to reduce the concentration of mucus glycoprotein, which reduces the viscosity of mucus and facilitates 
expectoration. As with HTS, the evidence base for carbocisteine in BE is poor. This contrasts to other respiratory 
conditions, where there is relatively strong evidence favouring both HTS and carbocisteine [22–24]. 

Therefore, the CLEAR trial will answer important clinical questions about whether similar benefits can be 
demonstrated in BE by using a pragmatic design to explore the specific effects of mucoactive agents, and directly 
support, or refute, more targeted use of these drugs. 

Rationale for comparator 

In the CLEAR trial, the comparator will be standard care. In the UK, standard care is defined by the British 
Thoracic Society (BTS) guidelines for BE [25]. All sites will be encouraged to follow these guidelines such that 
all patients in the control group (as well as in the three intervention groups) will be expected to have been 
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prescribed and taught ACT. If patients are not familiar with ACT, they will be taught the active cycle of breathing 
techniques [26]. 

Objectives 

The primary objective of the CLEAR trial is to determine whether HTS (6%) and/or carbocisteine reduces the 
mean number of exacerbations over 52 weeks. Secondary objectives are to determine whether HTS and/or 
carbocisteine improve disease-specific HRQoL, reduce time to next exacerbation, reduce number of days of 
antibiotics for treatment of exacerbations, improve generic HRQoL, are acceptable from a patient satisfaction 
perspective, are associated with adverse events (AEs) and improve lung function over 52 weeks. The study will 
also assess cost effectiveness and treatment adherence. 

Study design 

CLEAR is a multicentre, superiority, 2 × 2 factorial, randomized, open-label trial in BE with a 52-week followup 
period. Patients will be randomised (1:1:1:1 ratio) to one of four groups: HTS alone, carbocisteine alone, HTS 
and carbocisteine or standard care. Additionally, all patients will be followed up at 104 weeks to explore their 
mucoactive drug use in the 52 weeks following the completion of the main trial. For the SPIRIT checklist, please 
see Additional file 8. 

Embedded sub-studies 

There are three embedded sub-studies within the CLEAR trial. The first aims to validate and measure the 
sensitivity of the EMBARC definition of exacerbations in BE (see Additional file 1). The second sub-study will 
examine the use of a new home spirometer mySpiroSense for remote monitoring (see Additional file 3). The third 
will use Studies Within A Trial (SWAT) [27] to explore the effect of methods used to optimise recruitment and 
retention (see Additional file 4). These sub-studies will be reported separately from the main report for CLEAR. 

Methods/design 

Study setting 

The CLEAR sites will include at least 16 National Health Service (NHS) hospitals in the UK with access to 
patients with BE managed according to BTS guidelines. Sites will include those that are part of the 
BRONCHUK/or EMBARC research network [28], and additional sites will be chosen from the Northern Ireland 
Clinical research Network (NICRN)/National Institute for Health Research Clinical Research Network (NIHR 
CRN) portfolio if required. The current list of study sites is in Additional file 5. 

Internal pilot study 

The main trial will be preceded by an 8-month internal pilot study in 10 sites, which will follow the processes 
described for the main trial with target recruitment of 60 patients. This internal pilot will be used to confirm 
recruitment rates, protocol compliance and data collection methods. 

Characteristics of participants 

Patients will be eligible to participate in the CLEAR trial if they fulfil the following inclusion criteria: diagnosis 
of BE on computerised tomography (CT)/HRCT, BE as the primary respiratory diagnosis, two or more pulmonary 
exacerbations in the last year requiring antibiotics (including patient-reported exacerbations), production of daily 
sputum, stable for 14 or more days before first study visit with no changes to treatment, willing to continue any 
other existing medication for chronic illness throughout the study, and female participants must be either 
surgically sterile, postmenopausal or agree to use effective contraception during the treatment period of the trial. 

The exclusion criteria are as follows: < 18 years old, cystic fibrosis (CF), chronic obstructive pulmonary disease 
(COPD), current smokers, female ex-smokers with > 20 pack years and male ex-smokers with > 25 pack years, 
forced expiratory volume in 1 s (FEV1) < 30%, if being treated with long term macrolides on treatment for < 1 
month before joining study, regular isotonic saline, HTS, carbocisteine or any mucoactive drugs taken within the 
past 30 days, known intolerance or contraindication to HTS or carbocisteine, contraindications to or special 
warnings against the use of carbocisteine (active peptic ulceration, hereditary galactose intolerance, Lapp-lactase 
deficiency, glucose-galactose malabsorption), unable to swallow oral capsules, women who are pregnant or 
lactating, or participation in another clinical trial of an investigational medicinal product (IMP) within 30 days. 
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Patients currently using mucoactive drugs can be considered for the CLEAR trial if they stop these for at
 least 30 days before being assessed for eligibility. 

Screening and informed consent 

Written informed consent will be obtained by the site principal investigator or appropriately trained designee. All 
interested individuals who are eligible using the screening criteria will be given a participant information sheet 
and allowed as much time as necessary to consider the study. Informed consent will be obtained using standard 
procedures (Additional files 6 and 7). 

Intervention and comparator 

The interventions and comparators are as follows: 

Intervention 1: standard care and twice-daily nebulised HTS (MucoClear 6%, PARI Pharma GmbH). 
Participants will be instructed to administer a 1 × 4 mL ampoule twice daily for 52 weeks using the eFlow rapid 
nebuliser and eTrack controller (PARI Pharma GmbH). Intervention 2: standard care and carbocisteine (750 mg 
three times per day until visit 3*, reducing to 750 mg two times per day) over 52 weeks. Intervention 3: standard 
care and combination of twice-daily nebulised HTS (MucoClear 6%, PARI Pharma GmbH). Participants will 
be instructed to administer a 1 × 4 mL ampoule twice daily for 52 weeks using the eFlow rapid nebuliser eFlow 
rapid nebuliser and eTrack controller (PARI Pharma GmbH). They will also be given carbocisteine (750 mg 
three times per day until visit 3*, reducing to 750 mg twice per day) over 52 weeks. 
Comparator: standard care over 52 weeks. Patients in the standard care group will use airway clearance 
techniques in the management of their BE. 

*Visit 3 occurs 8 weeks (±7 days) after the baseline assessment). 

Concomitant care 

Sites in this study all follow BTS guidelines for management of BE. Any prescribed medication deemed necessary 
to provide adequate medical care to the patient is permitted, other than as stated in the study exclusion criteria. 
The use of mucoactive drugs/isotonic saline outside the allocated treatment is not permitted except for short 
periods during exacerbations. 

Treatment discontinuation 

All patients allocated to a treatment group including HTS 6% will complete a drug response assessment prior to 
commencing HTS in accordance with a study-specific guideline and if they do not pass this they will not continue 
on the study. Participants may withdraw from treatment at any time, without providing an explanation, or if 
discontinuation is considered by the medical team to be in the best interests of the patient. Anticipated reasons for 
withdrawal include intercurrent significant illness, occurrence of intolerable side effects, patient request, protocol 
violations or decision that the study drug should be discontinued on safety grounds. A participant may be 
withdrawn from the study at the discretion of the Investigator due to safety concerns. 

Study drug accountability, compliance and adherence 

Patients will be asked to return any unused HTS 6% ampoules or carbocisteine at each study visit, to facilitate 
drug accountability. Adherence to HTS will be monitored utilising the eFlow nebuliser system with eTrack 
controller (which records data on nebuliser usage including frequency of use, dosage and maintenance). For the 
two HTS groups (intervention groups), study visit data from the eFlow nebuliser system with eTrack controller 
will be transferred to a Qualcomm Life 2Net Hub and subsequently to a secure Cloud-based platform. These data 
will not be reviewed and analysed until the end of the study, but will be checked weekly by a person not involved 
in study delivery, to ensure that the eFlow nebuliser system with eTrack controller is being used correctly and 
data are being transferred correctly. 

Outcomes 

The primary outcome measure is the mean number of exacerbations over 52 weeks after randomisation. Secondary 
outcome measures are disease-specific HRQoL (respiratory symptoms of the domain of Quality of Life 
Bronchiectasis (QoL-B) [29]), time to next exacerbation, number of days of antibiotics related to exacerbations, 
generic HRQoL (Euroqol 5 dimensions 5 levels (EQ-5D5 L) [30]), measurement of health impairment using the 
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St Georges Respiratory Questionnaire (SGRQ) [2]), health service use, quality-adjusted life years (QALYs), 
patient preferences for treatment, adverse events, lung function and adherence to trial treatment over 52 weeks. 

Spirometry 
All patients will be provided with a hand-held spirometer (mySpiroSense; PARI GmbH) to complete regular lung 
function tests at home (Additional file 3) and to record lung function at the beginning and end of an exacerbation. 
The mySpiroSense spirometer is a digital, self-calibrating instrument. Patients will bring the mySpiroSense to 
study visits so that its data can be imported to computers on site. The spirometry data can be viewed using the 
SpiroSensePro software and additionally the database can be transformed and exported as a Microsoft Excel (.xls) 
file and viewed. 

Exacerbation management 
During the treatment period, if patients have symptoms of exacerbation for 48 h or feel that they require antibiotic 
therapy, they will be asked to call the study team. Exacerbations will be defined as per the recent consensus [31]. 
A comprehensive exacerbation management plan is detailed in Additional file 2. In general, patients will have 
rescue medication at home to facilitate management of exacerbations remotely. The trial will use an adjudication 
panel to categorise exacerbations. 

Respiratory and Systemic Symptoms Questionnaire (RSSQ) 
A member of the research team will administer the RSSQ questionnaire at each study visit to capture changes in 
the predefined signs and symptoms relative to normal day-to-day fluctuations [32]. It covers a range of patient-
reported outcomes relating to cough, sputum, haemoptysis, dyspnoea, lethargy, sinuses, appetite and fever [33]. 
Modified versions of the RSSQ will be used to capture details of potential exacerbations reported between study 
visits. 

Health-related quality of life (HRQoL) questionnaires 
Three HRQoL questionnaires will be used: QoL-B, SGRQ and EQ-5D-5 L. The QoL-B assesses symptoms, 
functioning and HRQoL specific to patients with BE [29, 34, 35]. The SGRQ measures health impairment [2, 34]. 
The EQ-5D-5 L provides a simple descriptive profile and a single index value for health status [30]. 

Health Service Use Questionnaire 
A questionnaire and log will be used to capture participants’ health service use over the study period, including 
details of medications prescribed (including antibiotics). This will be used for the health economic analysis. 

Treatment Satisfaction Questionnaire for Medication 
At each study visit, participants (except those randomised to the standard care group) will be asked what they 
think about the effectiveness, side effects and convenience experienced when using the medication over the last 
2–3 weeks, or since they last used it. Patients assigned to the group combining HTS and carbocisteine (intervention 
group 3) will be asked to complete separate questionnaires for each treatment. 

Schedule of assessments 
All patients will be evaluated during the study according to the schedule of assessments outlined in Fig. 1 and 
Table 1. See also Additional file 8 for the SPIRIT checklist. 

Sample size 

The required sample size is 380 patients including the internal pilot. Based on the primary outcome of mean 
exacerbations during 52 weeks and a pooled standard deviation of 0.9 exacerbations [36], and assuming the mean 
number of exacerbations in the control group is 0.7, 216 patients would be sufficient to detect a mean difference 
in exacerbation rate between groups of 0.4, with 90% power and at the 5% significance level. To allow for a 
potential interaction between the two interventions, 50% inflation has been included, requiring 324 patients. 
Further, compensating for 15% dropout gives the total required of 380 patients (95 in each of the four groups). In 
regard to secondary outcomes, this sample size would provide over 90% power to detect a minimally important 
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difference of 8 points for the QoL-B scale (standard deviation of 18) at the 5% significance level [18, 29] and a 
75% increase in median time to exacerbation at 98% power. It would also be sufficient to detect a medium effect 
size for the other secondary outcomes, at 95% power and 5% level of significance. 

Recruitment 

Potential participants may be identified through the EMBARC and BRONCH-UK registries at each of the 
participating sites, through referrals or while in clinics. Twitter and Facebook accounts (https://twitter.com/ 
TrialCLEAR; https://www.facebook.com/TrialCLEAR/) are being used to encourage engagement and awareness 
of the trial. The study team will have regular teleconferences with sites to review screening and recruitment figures 
and resolve any issues. 

Randomisation and blinding 

Treatment allocation at each site will be assigned using a concealed automated randomisation process provided 
by an external organisation. Participants who give their consent will be allocated using a fixed block size to one 
of the four groups (three intervention groups or one standard care group) in a 1:1:1:1 ratio using a central 
randomisation system. Randomisation will be stratified by (1) site, (2) exacerbations in the last year (2–3 times, 
> 3 times) (to minimise baseline imbalances in antibiotic use) and (3) current use of macrolides (yes, no). The 
trial is open label, and patients, investigators and outcome assessors will be aware of treatment allocation. 

Data collection, quality and procedures 

All data collected during study visits and telephone calls with each patient will be recorded in the CLEAR source 
documents/electronic case report form (CRF). If a participant withdraws during their first year on the study, they 
will be asked to attend follow-up visits for collection of outcome data. If they do not wish to attend outcome data 
collection, permission will be sought to access medical notes for collection of data relevant to the trial e.g. the use 
of antibiotics. If a participant withdraws from all parts of the study, their anonymised data (recorded up to the 
point of withdrawal) will be included in the study analysis. All patient data will be anonymised. 

Data management 
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Trial data will be entered onto the electronic case report form (CRF) on a clinical trial database (MACRO) by 
delegated site personnel and processed electronically as per the Northern Ireland Clinical Trial Unit’s (NICTU) 
standard operating procedures (SOPs) and the studyspecific data management plan (DMP). Data queries will be 
“raised” electronically using MACRO where clarification from site staff is required for data validations or missing 

data. Site staff will respond electronically to data queries, ensuring that necessary amendments are made to the 
clinical trial database. 

Statistical analysis 

Baseline characteristics, follow-up measurements and safety data will be described using descriptive summary 
measures depending on the scale of measurement. The primary analysis will be conducted on a modified intention-
to-treat basis consisting of randomised participants with data from at least one post-baseline efficacy 

Table 1 Schedule of assessments 
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*It is planned that week 104 data will be collected from the European 
Multicentre Bronchiectasis Audit and Research Collaboration (EMBARC) or UK Bronchiectasis Registry (BRONCH-UK). If this is not possible, the participant will 
be asked to visit the research site for the data to be collected. BE, bronchiectasis; QoL-B, Quality of Life - Bronchiectasis; SGRQ, Saint George’s Respiratory 
Questionnaire; EQ-5D-5L, EuroQoL five dimension five level questionnaire 
assessment. A per-protocol analysis may also be conducted to compare treatment groups. Groups will be compared 
for the primary outcome (number of exacerbations over 52 weeks) and antibiotic use (number of days of antibiotic 
use over 52 weeks) using negative binomial regression adjusted for baseline characteristics and other covariates. 
The QoL-B and other continuous outcomes will be compared between groups using analysis of covariance 
(ANCOVA) adjusting for baseline characteristics and other covariates. The trial’s 2 × 2 factorial design permits 
the separate testing of the effects of HTS and carbocisteine on HRQoL and the detection of any interaction between 
them. These tests will be implemented using three contrasts (representing HTS, carbocisteine and the interaction) 
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in the models. For time to next exacerbation, Kaplan-Meier curves will be prepared and the log-rank test applied 
to compare the groups. Analyses will be two-sided and tested at an a priori significance level of p = 0.05. The 
primary time point has been defined as 52 weeks after randomisation. There is no adjustment for multiple testing 
at the different time points, because the primary outcome has been predefined and prioritised. Standard approaches 
will be used to detect missing data. 

Health economics evaluation 

A within-trial economic evaluation will assess the costeffectiveness of the four treatment options at 26 and 52 
weeks from the perspective of the NHS and Personal Social Services. A within-the-table analysis will be 
performed, treating the four groups in the factorial design as mutually exclusive treatments. Economic outcomes 
will then be estimated and presented separately for each treatment option so that the effect of any interactions can 
be seen directly. We will estimate the cost per QALY gained, the cost per exacerbation avoided and the net benefit 
(NB) in each of the treatment groups. Regression analysis with an interaction term will be performed, as a 
robustness check and to control for baseline covariates. Participants’ health service use and prescriptions (both 
related and unrelated to their BE) will be prospectively collected from baseline to 52 weeks using logs and 
questionnaires administered as per Table 1. Costs will be calculated by attaching appropriate unit costs from 
national sources. QALYs will be calculated using responses on the EQ-5D-5 L over the study period. Uncertainty 
surrounding the incremental cost-effectiveness ratios will be summarised in costeffectiveness acceptability curves 
showing the probability of the therapeutic strategies being cost effective at different threshold levels of willingness 
to pay per QALY and per exacerbation avoided. Sensitivity will be analysed to explore the impact on cost 
effectiveness of variations in key parameters. Detailed statistical and health economic analysis plans will be 
finalised before the commencement of analysis. 

Monitoring arrangements 

The trial will be monitored on site in accordance with the trial monitoring plan. This will be an on-going activity 
from the time of initiation until trial close-out and will comply with the principles of Good Clinical Practice (GCP) 
and applicable regulatory requirements. The Data Monitoring and Ethics Committee (DMEC) will safeguard the 
rights, safety and wellbeing of trial participants, monitor data and make recommendations to the Trial Steering 
Committee (TSC) on whether there are ethical or safety reasons why the trial should not continue. They will 
monitor the overall conduct of the study to ensure the validity and integrity of the study findings, and will meet 
annually. The DMEC will comprise independent members with at least one statistician and two respiratory 
specialists. A DMEC charter will detail the terms of reference of the DMEC, including membership and roles and 
responsibilities. 

Adverse events 

All adverse events (AEs) that are directly observed and spontaneously reported by the patient will be recorded on 
their CRF. Signs and symptoms of pulmonary exacerbations collected as outcomes of the trial will not be reported 
as AEs. Therefore, if a patient requires hospitalisation or prolongation of existing hospitalisation as a result of an 
exacerbation, this will not be reported as a serious adverse event (SAE). The Principal Investigator or designee 
will assess severity, seriousness, causality, severity and expectedness for each AE and these will be reported in 
keeping with regulatory requirements. 

End of study 

The main trial analysis will be conducted at 52 weeks; however, the formal end of the study will be at the end of 
the 104-week follow up to establish mucoactive drug use in participants. The trial will be stopped prematurely if 
mandated by the responsible Research Ethics Committee (REC), Medicine and Healthcare Products Regulatory 
Agency (MHRA), Sponsor (e.g. following advice from the TSC based on recommendations from the DMEC) or 
if funding for the trial ceases. The REC that originally gave a favourable opinion of the trial and the MHRA who 
issued the Clinical Trial Authorisation (CTA) will be notified in writing once the CLEAR trial has been concluded 
or if it is terminated early. 

Site training 

All sites will undertake comprehensive site initiation visits (SIV). PARI or the research team will provide training 
to sites on the eFlow nebuliser system with eTrack controller, SpiroSensePro and mySpiroSense spirometer. 
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Follow-up refresher training will be delivered prior to the first patient’s first visit, and sites will be advised to send 
questions to the research team at any time. A document containing frequently asked questions will be maintained 
and circulated to sites, along with a regular newsletter detailing any updates and news on the trial, such as 
recruitment milestones. 

Trial management arrangements 

Trial-specific oversight committees will be convened for the CLEAR trial. These will include a Trial Management 
Group (TMG), TSC and DMEC. The NICTU will facilitate the setting up and the co-ordination of these 
committees. All study amendments will be managed by the NICTU and communicated appropriately. 

Patient and public involvement 

Service users are involved in the CLEAR trial in both a consultative and collaborative capacity and have 
influenced this protocol, including the choice of interventions and outcomes to measure. The Chair of Primary 
Ciliary Dyskinesia Family Support Group UK and a BE carer is a co-applicant on the trial grant and a member of 
the TSC. The study is registered with the INVOLVE openaccess database, which registers research healthcare 
projects involving members of the public as partners in the research process. 

Data sharing and data access 

Requests for data sharing will be reviewed on an individual basis by the Chief Investigator (CI) and TMG. 
Following the publication of the trial’s main outcomes, there may be scope to conduct additional analyses on the 
data collected. In such instances, formal requests for data will be made to the CI for discussion with the TMG. If 
publications might arise from such analyses, those responsible will provide the CI with a copy of the intended 
manuscript for approval prior to submission to a journal. 

Discussion 

CLEAR is a pragmatic effectiveness trial. It was designed as an open-label trial (in preference to a blinded trial) 
because of factors including the prohibitive cost and feasibility of conducting a trial with blinded patients, 
practitioners and/or outcome assessors. There is increasing support for trials to use more pragmatic research 
designs [37], especially in therapy trials where blinding is not feasible [38] or practical and when the funding 
required to implement blinded trials could be better used to optimise rigour in other areas of trial delivery (Anand 
R, Norrie J, Bradley JM, McAuley DF, Clarke M: Fool’s gold? Why double blind trials are not always best, 
submitted). The CLEAR trial also has added value through the embedding of low-cost sub-studies to resolve 
important uncertainties about trial methods [27]. 

The findings of the CLEAR trial will be published in a peer-reviewed journal and will help inform national and 
international guidelines on the use of HTS and carbocisteine as mucoactive drugs for treatment of BE. A lay 
person’s summary will be sent to local and national patient support and liaison groups, including the European 
Lung Foundation BE Patient Advisory Group and the British Lung Foundation as well as similar organisations in 
devolved nations of the UK. A report of the study findings will be provided for the INVOLVE registry. Following 
journal publication, key findings will be posted on institutional websites that are freely available to the general 
public and others. 

In summary, HTS and carbocisteine are the two most commonly used mucoactive agents in BE, being prescribed 
to up to 20% of patients but without a solid evidence-base for their effectiveness. The CLEAR trial will 
demonstrate whether these one-in-five patients with BE are being asked to take burdensome medications that are 
ineffective or, if effective, whether more consideration needs to be given to prescribing these medications to the 
remaining 80% of patients with BE. 

Trial status 

Recruitment to the CLEAR trial started in July 2018 and at the time of proof reading of this manuscript (December 
2019), 130 patients had been recruited, with recruitment aimed to be completed by August 2020. Analysis will 
begin after recruitment and follow up are completed and the database has been cleaned and locked. The current 
protocol version is 3.0 (14/05/2018). 

Supplementary information 
Supplementary information accompanies this paper at https://doi.org/10. 1186/s13063-019-3766-9. 

Additional file 1. Validity and sensitivity of the EMBARC definition for exacerbations in bronchiectasis: a sub-study within the CLEAR trial. 
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Additional file 2. Exacerbation management guideline. 
Additional file 3. Spirometry sub-study. 
Additional file 4. Optimising recruitment and retention: implementing studies within a trial (SWAT) in the CLEAR trial. 
Additional file 5. List of Investigative Sites. 
Additional file 6. Informed Consent Form. 
Additional file 7. Patient Information Sheet. 
Additional file 8. SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*. 
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DMP: Data management plan; EMBARC: European Multicentre Bronchiectasis Audit and Research Collaboration; EQ-5D-5 L: EuroQoL five dimension 
five level questionnaire; EudraCT: European Clinical Trials Database; FEF: Forced expiratory flow; FEV1: Forced expiratory volume in one second; 
FVC: Forced vital capacity; GCP: Good Clinical Practice; HRCT: High-resolution computed tomography; HRQoL: Health-related quality of life; HTA: 
Health and Technology Assessment Programme; HTS: Hypertonic saline; IB: Investigator brochure; ICH: International Conference of Harmonisation; 
IMP: Investigational medicinal product; IRB: Institutional Review Board; 
ISRCTN: International Standard Randomised Controlled Trial Number Register; 
MACRO: Clinical Trials Database; MHRA: Medicine and Healthcare Products 
Regulatory Agency; NHS: National Health Service; NICTU: Northern Ireland Clinical Trials Unit; NIHR: National Institute for Health Research; 
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involvement; QALY: Quality-adjusted life year; QoL-B: Quality of Life - Bronchiectasis; 
REC: Research Ethics Committee; RSI: Reference safety information; RSSQ: Respiratory and Systemic Symptoms Questionnaire; SAE: Serious 
adverse event; SAP: Statistical analysis plan; SAR: Serious adverse reaction; SGRQ: Saint George’s Respiratory Questionnaire; SOPs: Standard 
operating procedures; SPC: Summary of product characteristics; SUSAR: Suspected unexpected serious adverse reaction; SWAT: Study within a 
trial; TMG: Trial Management Group; TSC: Trial Steering Committee; WTP: Willingness to pay 
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1.3 CLEAR substudy protocols 
 

The CLEAR substudy protocols can be accessed via the links below: 
 

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3766-9#Sec42 

 

 

Additional file 1. 

Validity and sensitivity of the EMBARC definition for exacerbations in 
bronchiectasis: a sub-study within the CLEAR trial. 
 
Additional file 2. 

Exacerbation management guideline. 
 
Additional file 3. 

Spirometry sub-study. 
 
Additional file 4. 

Optimising recruitment and retention: implementing studies within a trial 
(SWAT) in the CLEAR trial. 
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1.4 CLEAR Ethics Approval 

 

A Research Ethics Committee established by the Health Research Authority 

 
North East - Tyne & Wear South Research Ethics Committee 

HRA Jarrow 

Jarrow Business Centre 

Room 001 

Rolling Mill Road 

Jarrow 

NE32 3DT 

 

         Telephone: 0207 104 8084 

 

 

 

 

 

30 November 2017 

 

Professor Stuart Elborn 

School of Medicine 

Dentistry and Biomedical Sciences 

Queens University Belfast 

Wellcome-Wolfson Building 

Belfast BT9 7BL 

 

Dear Professor Elborn  

 

Study title: A 2x2 factorial randomised examiner blind open label 
trial to determine the CLinical and cost- Effectiveness of 
hypertonic saline (HTS 6%) and carbocisteine for Airway 
cleaRance versus usual care over 52 weeks in 
bronchiectasis 

REC reference: 17/NE/0339 
Protocol number: 16178SE-AS 
EudraCT number: 2017-000664-14 
IRAS project ID: 214254 

 
Thank you for your received on 21 November 2017, responding to the Committee’s request for 
further information on the above research and submitting revised documentation. 
 
The further information has been considered on behalf of the Committee by the Chair. 

 

We plan to publish your research summary wording for the above study on the HRA website, 

together with your contact details. Publication will be no earlier than three months from the date of 

this opinion letter. Should you wish to provide a substitute contact point, require further information, 

or wish to make a request to postpone publication, please contact hra.studyregistration@nhs.net 

outlining the reasons for your request. 

Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a Favourable ethical opinion for the above 

research on the basis described in the application form, protocol and supporting documentation as 

revised, subject to the conditions specified below. 

 

Conditions of the favourable opinion 
 
The REC favourable opinion is subject to the following conditions being met prior to the start of the 

study. 

Please note: This is the favourable 
opinion of the REC only and does not 
allow you to start your study at NHS 
sites in England until you receive 
HRA Approval  
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1.5 CLEAR HRA Approval 

 

 
 

Page 1 of 10 

Professor Stuart Elborn 
Queens University Belfast 
School of Medicine, Dentistry and Biomedical Sciences 
Wellcome-Wolfson Building 
BT9 7BL 

 
Email: hra.approval@nhs.net 

 
06 February 2018 
 
Dear Professor Elborn    

 

 

Study title: A 2x2 factorial randomised examiner blind open label trial to 
determine the CLinical and cost- Effectiveness of hypertonic 
saline (HTS 6%) and carbocisteine for Airway cleaRance 
versus usual care over 52 weeks in bronchiectasis 

IRAS project ID: 214254 
EudraCT number: 2017-000664-14  
Protocol number: 16178SE-AS 
REC reference: 17/NE/0339   
Sponsor Belfast Health and Social Care Trust 
 
I am pleased to confirm that HRA Approval has been given for the above referenced study, on the 
basis described in the application form, protocol, supporting documentation and any clarifications 
noted in this letter.  

 

Participation of NHS Organisations in England  
The sponsor should now provide a copy of this letter to all participating NHS organ isations in England.  
 
Appendix B provides important information for sponsors and participating NHS organisations in 
England for arranging and confirming capacity and capability. Please read Appendix B carefully, in 
particular the following sections: 

x Participating NHS organisations in England – this clarifies the types of participating 
organisations in the study and whether or not all organisations will be undertaking the same 
activities 

x Confirmation of capacity and capability - this confirms whether or not each type of participating 
NHS organisation in England is expected to give formal confirmation of capacity and capability. 
Where formal confirmation is not expected, the section also provides details on the time limit 
given to participating organisations to opt out of the study, or request additional time, before 
their participation is assumed. 

x Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment 
criteria) - this provides detail on the form of agreement to be used in the study to confirm 
capacity and capability, where applicable. 

Letter of HRA Approval 
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2.0 Chapter 2 
 
 

2.1 RSSQ Full Questionnaire Script 
 

 
Respiratory and Systemic Symptoms Questionnaire (RSSQ, 
symptoms of exacerbation version) 

To be completed when a patient is experiencing the symptoms of a pulmonary 
exacerbation 

Introduction: Key points 
1. This version of the respiratory and systemic symptoms questionnaire is to be 

administered to the patient by the study staff at the beginning of each potential 

pulmonary exacerbation when a patient contacts the site. Every effort should be made 

to ensure that the same person administers the questionnaire to the patient at all visits. 

 

2. The questionnaire is intended to gather information from the patient about the types of 

symptoms that the patient has experienced for 48 hours or more, including (but not 

restricted to) any symptoms the patient is experiencing on the actual day of the 

interview. 

 

3. We are interested in obtaining information about abrupt, acute or sudden changes in 

the patient’s symptoms which are noticeably greater (in the view of the patient) than 

day to day fluctuations in these symptoms normally experienced by the patient. It is 

very important that patients understand that they are not being asked to indicate 

changes relative to the pre-treatment baseline. It is also very important that patients 

understand that they are being asked to describe symptoms that have occurred since 

the last study related visit, but that they are not being asked to compare these 

symptoms with the descriptions they provided at the last study-related visit. 

 

4. The questionnaire asks about a number of symptoms that patients are likely to 

experience routinely as part of their normal “stable” condition, but there may also be 

symptoms which a patient does not normally experience from day to day, or which they 

have never experienced at all (e.g. coughing up blood). It is important for patients to 

appreciate this, and to understand that they should indicate if they have never 

experienced a particular symptom. It may also be necessary to clarify that a symptom 

that the patient has lasting 48 hours or more but does not normally experience on a 

day to day basis does constitute a change in that symptom (e.g. patient does not 

normally have a cough, but has been coughing for at least 48 hours). 

 

5. It is important for patients to understand that there are no right or wrong answers, and 

that they may ask for clarification if they do not understand certain words or phrases, 

or if they do not understand the question in general. 

 

6. Any clarifications that are provided to the patient should not have any direction 

attached or implied. For example, clarifiers such as “more or less” or “thicker or thinner” 

should be used rather than “more” or “thicker”. 
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7. In order to ensure that patients continue to describe changes in their symptoms relative 

to their normal day to day fluctuations, it is important to remind the patient of this as 

the interview proceeds; specific reminders have been placed at appropriate points 

within the questionnaire. 

 

8. For each symptom, the study staff will begin by saying the words in quotation marks to 

the patient verbatim. A less structured interaction between the patient and the study 

staff will then take place, as the patient provides an initial response and the study staff 

provides further clarification, if necessary. Once the member of study staff is confident 

that the patient understands what is being asked and the patient has provided 

information as to whether the symptom has increased, decreased or not changed, the 

study staff will then ask the patient to specify the magnitude of change using the 

specific response choices provided, even if the patient has already provided 

information about the magnitude of change – in order to ensure consistency across 

patients and sites, it is very important that the patient rates the magnitude of the 

change using the response choices provided. It is not necessary to provide all the 

response choices, e.g. if the patient has indicated that the symptom has increased, 

then only the response choices related to an increase in the symptom need to be 

provided to the patient. Once you have established there is a change then 
subsequently determine if it has lasted 48 hours or more. 
 

Example: 

Study Staff: “The first question deals with changes in your sputum production. Another 

word for sputum that you may be more familiar with is mucus. Tell me about any 

changes in the amount of sputum you have been coughing up” 

Patient: “I have noticed that I have been coughing up a lot more sputum than I normally 

do” 

Study Staff: “Compared with the amount of sputum you normally cough up; would you 

say that you have been coughing up much more or a little more?” 

Patient: “I would say it has been much more” 

Study Staff: “Would you say this change has lasted for 48 hours or more?” 

Patient: “I am coughing up a lot more sputum in the last 48 hours than I normally do” 

 

9. For item 2.2 “Sputum colour”, the study staff will synthesise the patient’s comments 

and the study staff will complete the response choice (not the patient) based on the 

criteria provided in the study notes. 

 

10. For item 12 “Change in sinus discharge”, the study staff will synthesise the patient’s 

comments and the study staff will complete the response choice, not the patient. This 

is because the question has more than 1 dimension (i.e. colour, thickness and amount 

of sinus discharge). 
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INTERVIEW SCRIPT 
Please note that text in quotation marks is to be provided to the patient verbatim. 
“In the next few minutes, I will be asking you a number of questions about how you have been 

feeling in the last 48 hours. This does include how you are feeling today, but is not limited to 

today only. In order to find out how you have been feeling I will be asking you about specific 

symptoms that you may or may not have experienced. You are likely to be familiar with some 

symptoms I ask you about, but there may also be other symptoms that you have never 

experienced. If this is the case, is it OK to let me know that you have never experienced that 

symptom. If you are not sure how to answer a question, please let me know and I will try to 

give you some more help in understanding the question. 

When you are answering the questions, I would like you to think back over the last 48 hours, 

and let me know whether the symptom I am asking about is clearly different compared with 

what you are normally used to on a day to day basis. We are interested in your own 

impressions of these symptoms, so there are no right or wrong answers to these questions. If 

you would like me to clarify any of the words or phrases within the questions, please let me 

know.” 

 

1. Increased Sputum Production 
Study Staff: “The first question deals with changes in your sputum production. Another word 

for sputum that you may be more familiar with is mucus. Tell me about any changes in the 

amount of sputum you have been coughing up.” 

The following response choices will be used: 

 

Study Staff: “Has this change lasted for 48 hours or more?”:   
 

 If circled, go to question 3 
 
 Notes for Study Staff: 

• If patient asks “changes relative to what?” clarify that we are interested in changes 

beyond what the patient considers “normal” on a day to day basis. 

  

Much more A little more No change A little less Much less 

Never experienced symptom 

Ye

s 

No 
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2. Change in sputum appearance  
 

2.1 Sputum thickness 
Study Staff: “Tell me about any changes in the thickness of your sputum” 

 
The following response choices will be used: 

 

 
Study Staff: “Has this change lasted for 48 hours or more?”:   
 

 
2.2 Sputum colour 

Study Staff: “Tell me about any changes in colour of your sputum.” 

The study staff will synthesise the patient’s comments and complete the following response 

choice: 

 

 

 

Study Staff “Has this change lasted for 48 hours or more?”:   
 

 

  
Notes for Study Staff: 
• The study staff will be provided with a colour scale to assist in the description of colour 

changes. 
• “worse” is in the direction “clear  yellow  green  brown” 
• “better” is in the direction “brown              green  yellow  clear” 

  
  

Much thicker A little thicker No change A little thinner Much thinner 

No 

Worse No change 

Ye

s 

Better 

No Ye

s 
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3. Increased chest congestion 
Study Staff: “I am now going to ask you a question about chest congestion. By chest 

congestion, I mean the feeling you get in your chest when you have mucus in your lungs. Tell 

me about any changes in your chest congestion.” 

The following response choices will be used: 

 

Study Staff: “Has this change lasted for 48 hours or more?”:   

 

 

 

 
4. New or increased coughing up blood 

Study Staff: “Tell me whether you have been coughing up any blood and if so, how the 

amount of blood you have been coughing up compares with what you are normally used to?” 

The following response choices will be used: 

     

Study Staff: “Has this change lasted for 48 hours or more?”:   

 

 
 
 

 
 

5. Increased cough 
 

5.1 Intensity of cough 
Study Staff: “Tell me about any changes in how hard you have been coughing.” 

The following response choices will be used: 

 

Study Staff “Has this change lasted for 48 hours or more?”:   
 

If circled, go to question 6 
 

 

5.2 Frequency of cough 
Study Staff “Tell me about any changes in how often you have been coughing.” 

The following response choices will be used: 

 

Study Staff: “Has 

this change lasted for 48 hours or more?”:   
 

Reminder to patient 
Study Staff “We are now about one third of the way through the interview. Thank you for your 

help so far. As a reminder, for the next questions you should still be considering whether you 

Never experienced symptom 

Much more often A little more 

often 

No change A little less often Much less often 

Much harder A little harder No change A little lighter Much lighter 

No Ye

s 
Never experienced symptom 

No 

No Ye

s 

Ye

s 

Large increase A little increase No change A little decrease Large decrease 

Large increase A little increase No change A little decrease Large decrease 

Never experienced symptom 

No Ye

s 
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have noticed any changes in symptoms, lasting 48 hours or more, that are clearly different 

from what you are normally used to experiencing on a day to day basis.” 

 

6. Decreased exercise tolerance 
Study Staff: “For this next question, I will be asking you about your ability to perform daily 

activities. By daily activities, I mean any activities that you would normally do as part of your 

regular day to day routine. Examples of this are climbing stairs, walking to school, playing 

sports (if this is part of your normal routine) or doing chores around the house. Tell me about 

any changes in your ability to perform these types of activities.” 

The following response choices will be used:  

 

Study Staff: “Has 

this change lasted for 48 hours or more?”:   
 

 Notes for Study Staff: 
• It is important that the patient understands that “activities” includes all types of 

activities performed routinely, and is not restricted to “organised” activities such as 

sporting events or exercise programs. 

 

 
7. Increased dyspnoea with exertion 

Study Staff “Tell me about any changes in your breathing when performing daily activities.” 

The following response choices will be used: 

 

Study Staff: “Has this change lasted for 48 hours or more?”:   

 
 Notes for Study Staff: 

• It is possible that the patient will indicate that their breathing has changed when 

answering question 6 (“exercise tolerance”). If so, the study staff may simply ask 

the patient for confirmation. 

Much more 

difficult 

A little more 

difficult 
No change A little easier Much easier 

Much harder A little harder No change A little easier Much easier 

No Ye

s 

No Ye

s 
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8. Malaise, fatigue or lethargy 
Study Staff: “Tell me about any changes in your energy levels.” 

The following response choices will be used: 

 

Study Staff: “Has this change lasted for 48 hours or more?”:   

 

9. Fever 
Study Staff: “Have you had a fever that has lasted for 48 hours or more?” 

  

This should be a “yes” or “no” answer: 

 

10. Weight loss 
Study Staff “Tell me about any changes in your weight.” 

The following response choices will be used: 

 

Study Staff “Has this change lasted for 48 hours or more?”:   
 

 

 Notes for Study Staff: 
• Patient may ask “how much of a change?” with respect to changes in weight. If so, 

study staff can reiterate that we are interest in changes that are over and above 

normal daily variations in weight. 

 

Reminder to Patient 
Study Staff: “We are getting close to the end of the interview. As a final reminder, for the last 

few questions, we still want you to consider whether you have noticed any changes in the 

symptoms that are clearly different from what you are normally used to experiencing on a day 

to day basis.” 

 

11. Sinus pain and tenderness 
 Notes for Study Staff: 

• An illustration of the face will be provided to allow the study staff to clarify the 

location of the sinuses (maxillary and frontal) 

 
Study Staff: “Have you had any pain or tenderness in your sinuses that has lasted for 48 

hours or more?” 

This should be a “yes” or “no” answer: 

Much more tired A little more tired No change A little more 

energy 

Much more 

energy 

Large weight 

gain 

A little weight 

gain 

No change A little weight 

loss 

Large weight 

loss 

No Ye

s 

No Ye

s 

No Ye

s 

No Ye

s 
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12. Change in sinus discharge 
Study Staff: “Tell me about any changes in your sinus discharge.” 

The study staff will synthesise the patient’s comments and complete the following response 

choice: 

 

 
 
Interventionist: “Has this 

change lasted for 48 hours or more?”:   

 
 
 
 

 Notes for Study Staff: 
• A clarifier may be needed for the term “sinus discharge”. The clarifier to be used is 

“what your mucus is like when you blow your nose”. 

• Study staff may need to clarify that we are interested in changes related to colour, 

thickness and amount of sinus discharge. 

• “worse” would be a change in colour in the direction “clear  yellow 

 green  brown”, and/or increase in thickness, and/or increase in the 

amount of discharge. 

• “better” would be a change in the colour in the direction ““brown 

 green  yellow  clear”, and/or decrease in thickness, and/or 

decrease in amount of discharge.  

Worse No change Better 

No Ye

s 

Never experienced symptom 
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13. School or work absenteeism (due to illness) 
 Notes for Study Staff: 

• If the interview is conducted in a non-school (non-work) period (e.g. summer) or if 

the patient is unemployed this question should be rephrased accordingly (“Within 

the last 48 hours, have you missed any scheduled activities due to illness?”) 

 

Study Staff: “Have you missed any school or work due to illness that has lasted for 48 hours 

or more?”  
 

 

If patient answers “no”, move to next question. 

If patient answers “yes” and describes the reason for the absence, move to next question. 

If patient answers “yes” but does not describe the reason for the absence, then ask the 

following question: 

Study Staff: “What was the illness that made you miss school or work?” 

 Notes for Study Staff: 
• Interview will record specific illness (e.g. flu, broken leg, trouble breathing etc.) 

• May need some examples of “scheduled activities” (e.g. “going outside to play”, 

“going to camp” etc.) 

 

14. Decreased appetite 
Study Staff: “Tell me about any changes in your appetite.”  

The following response choices will be used: 

 

Study Staff: “Has this change lasted for 48 hours or more?”:   
 

15. Wheezing 
Study Staff: “Tell me about any changes in your wheezing” 

The following response choices will be used: 

 

Study Staff “Has 

this change lasted for 48 hours or more?”:   
 

  
 

Notes for Study Staff: 
If a patient asks “what is wheezing?” clarify that wheezing is described as a high-

pitched whistling sound made while breathing.  

 

 

2.2 RSSQ Modifications 
 

In the first, “since last visit” was changed to “48 hours or more”. This questionnaire was then 
used to collect symptoms at the start of an exacerbation. In the second, “since last visit” to 
“since the start of their antibiotics" and was used to collect symptoms at the end of an 
exacerbation. Being an unvalidated questionnaire, these changes were suitable. To satisfy 

Large increase A little increase No change A little decrease Large decrease 

Large increase A little increase No change A little decrease Large decrease 

No Ye

s 
Never experienced symptom 

No Ye

s 

No Ye

s 
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fulfilment of part 2 of the EMBARC definition, these two different versions of the RSSQ were 
administered at the following timepoints, with the following modifications: 
 

1. Start of an exacerbation: “since the last visit” is modified to any changes or new symptoms 
lasting 48 hours or more. This will be referred to as the “symptoms of exacerbation version.”  

2. End of exacerbation: “since the last visit” is modified to any changes since the start of 
antibiotics. This will be referred to as the “end of exacerbation version.” 

An additional question was added to all versions of the RSSQ to facilitate retrospective 
scoring on the modified Fuch’s definition to cover wheezing (Question 15). 
 
 

2.3 Data transferred from NICTU 
Information domain Field name 
Demographics Subject ID 

Demographics Date of Assessment 

Demographics Date of Birth 

Demographics Gender 

Demographics Ethnicity 

Demographics Other Mixed/Multiple text 

Demographics Other Asian text 

Demographics Other Black/African/Caribbean 

Demographics Other ethnic group 

Demographics Never smoked 

Demographics If ex-smoker, please confirm: -PIPE 

Demographics If ex-smoker, please confirm: -CIG 

Demographics Number of years stopped smoking - PIPE 

Demographics Number of years stopped - CIGARETTE 

Demographics Number smoked per day - CIG 

Demographics Number of years smoking - CIG 

Demographics Pack Years - CIG 

Demographics Number smoked per day - PIPE 

Demographics Number of years smoking - PIPE 

Demographics Pack Years - PIPE 

Demographics Total Pack Years 

Demographics E-Cigarette use 

Bronchiectasis Characteristics RADIOLOGICAL SEVERITY 

Bronchiectasis Characteristics Number of exacerbations in previous year? 

Bronchiectasis Characteristics mMRC BREATHLESSNESS SCORE 

Baseline Assessments Subject ID 

Baseline Assessments Height (cm) 

Baseline Assessments Weight (kg) 

Baseline Assessments BMI 

Baseline Assessments Temperature (°C)  

Baseline Assessments Respiratory rate (per min) 

Baseline Assessments SpO2 (%) 
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Baseline Assessments 

Has the patient completed the RSSQ (since last 

vis 

RSSQ Since Last Visit Subject ID 

RSSQ Since Last Visit 1. Increased Sputum Production 

RSSQ Since Last Visit 2.1 Sputum thickness 

RSSQ Since Last Visit 2.2 Sputum colour 

RSSQ Since Last Visit 3. Increased chest congestion 

RSSQ Since Last Visit 4. New or increased coughing up blood 

RSSQ Since Last Visit 5.1 Intensity of cough 

RSSQ Since Last Visit 5.2 Frequency of cough 

RSSQ Since Last Visit 6. Decreased exercise tolerance 

RSSQ Since Last Visit 7. Increased dyspnoea with exertion 

RSSQ Since Last Visit 8. Malaise, fatigue or lethargy 

RSSQ Since Last Visit 9. Fever 

RSSQ Since Last Visit 10. Weight loss 

RSSQ Since Last Visit 11. Sinus pain and tenderness 

RSSQ Since Last Visit 12. Change in sinus discharge 

RSSQ Since Last Visit 13. School or work absenteeism (due to illness) 

RSSQ Since Last Visit 14.Decreased appetite 

RSSQ Since Last Visit 15. Wheezing 

Baseline Outcome Assessments Subject ID 

Baseline Outcome Assessments QOL-B 

Visit 2 Outcome Assessments Subject ID 

Visit 2 Outcome Assessments 

Has the patient completed independent 

spirometry? 

Visit 2 Outcome Assessments QOL-B 

Visit 3 Outcome Assessments Subject ID 

Visit 3 Outcome Assessments 

Has the patient completed independent 

spirometry? 

Visit 3 Outcome Assessments QOL-B 

Visit 4 Outcome Assessments Subject ID 

Visit 4 Outcome Assessments 

Has the patient completed independent 

spirometry? 

Visit 4 Outcome Assessments QOL-B 

Visit 5 Outcome Assessments Subject ID 

Visit 5 Outcome Assessments 

Has the patient completed independent 

spirometry? 

Visit 5 Outcome Assessments QOL-B 

Quality of Life Questionnaire - Bronchiectasis Subject ID 

Quality of Life Questionnaire - Bronchiectasis A. What is your date of birth? 

Quality of Life Questionnaire - Bronchiectasis B. What is your gender? 

Quality of Life Questionnaire - Bronchiectasis 

C. During the past week, have you been on 

holiday 

Quality of Life Questionnaire - Bronchiectasis D. What is your current marital status? 

Quality of Life Questionnaire - Bronchiectasis 

E. Which of the following best describes your 

ethn 
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Quality of Life Questionnaire - Bronchiectasis Other (please describe) 

Quality of Life Questionnaire - Bronchiectasis 

F. What is the highest level of education you 

have 

Quality of Life Questionnaire - Bronchiectasis 

G. Which of the following best describes your 

curr 

Quality of Life Questionnaire - Bronchiectasis 1. Performing vigorous activities, such as gardeni 

Quality of Life Questionnaire - Bronchiectasis 2. Walking as fast as other people (family, friend 

Quality of Life Questionnaire - Bronchiectasis 

3. Carrying heavy things, such as books or 

shoppin 

Quality of Life Questionnaire - Bronchiectasis 4. Climbing one flight of stairs 

Quality of Life Questionnaire - Bronchiectasis 5. You felt well 

Quality of Life Questionnaire - Bronchiectasis 6. You felt tired 

Quality of Life Questionnaire - Bronchiectasis 7. You felt anxious 

Quality of Life Questionnaire - Bronchiectasis 8. You felt energetic 

Quality of Life Questionnaire - Bronchiectasis 9. You felt exhausted 

Quality of Life Questionnaire - Bronchiectasis 10. You felt sad 

Quality of Life Questionnaire - Bronchiectasis 11. You felt depressed 

Quality of Life Questionnaire - Bronchiectasis 

Are you currently on any treatments (such as: 

oral 

Quality of Life Questionnaire - Bronchiectasis 

12. To what extent do your treatments for 

bronchie 

Quality of Life Questionnaire - Bronchiectasis 

13. How much time do you currently spend each 

day 

Quality of Life Questionnaire - Bronchiectasis 14. How difficult is it for you to fit in your tre 

Quality of Life Questionnaire - Bronchiectasis Subject ID 

Quality of Life Questionnaire - Bronchiectasis 15. How do you think your health is now? 

Quality of Life Questionnaire - Bronchiectasis 16. I have to limit vigorous activities, such as w 

Quality of Life Questionnaire - Bronchiectasis 17. I have to stay at home more than I want to 

Quality of Life Questionnaire - Bronchiectasis 

18. I am worried about being exposed to other 

peop 

Quality of Life Questionnaire - Bronchiectasis 19. It is difficult to be intimate with a partner 

Quality of Life Questionnaire - Bronchiectasis 20. I lead a normal life 

Quality of Life Questionnaire - Bronchiectasis 21. I am concerned that my health will get worse 

Quality of Life Questionnaire - Bronchiectasis 22. I think my coughing bothers other people 

Quality of Life Questionnaire - Bronchiectasis 23. I often feel lonely 

Quality of Life Questionnaire - Bronchiectasis 24. I feel healthy 

Quality of Life Questionnaire - Bronchiectasis 25. It is difficult to make plans for the future ( 

Quality of Life Questionnaire - Bronchiectasis 26. I feel embarrassed when I am coughing 

Quality of Life Questionnaire - Bronchiectasis 

27. To what extent did you have trouble keeping 

up 

Quality of Life Questionnaire - Bronchiectasis 

28. How often does having bronchiectasis get in 

th 

Quality of Life Questionnaire - Bronchiectasis 29. Have you felt congestion (fullness) in your ch 

Quality of Life Questionnaire - Bronchiectasis 30. Have you been coughing during the day? 

Quality of Life Questionnaire - Bronchiectasis 31. Have you had to cough up sputum? 

Quality of Life Questionnaire - Bronchiectasis 32. Has your sputum been mostly: 
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Quality of Life Questionnaire - Bronchiectasis 

33. Have you had shortness of breath when being 

mo 

Quality of Life Questionnaire - Bronchiectasis 34. Have you had wheezing? 

Quality of Life Questionnaire - Bronchiectasis 35. Have you had chest pain 

Quality of Life Questionnaire - Bronchiectasis 

36. Have you had shortness of breath when 

talking? 

Quality of Life Questionnaire - Bronchiectasis 

37. Have you woken up during the night because 

you 

Baseline Spirometry Subject ID 

Baseline Spirometry 

Was spirometry performed as per the study 

specific 

Baseline Spirometry 

If spirometry not performed as per the study 

speci 

Baseline Spirometry Time Spirometry performed 

Baseline Spirometry FEV1 (L) 

Baseline Spirometry FVC (L) 

Baseline Spirometry FEV1 % predicted 

Baseline Spirometry FEF25-75 (L/s) 

Baseline Spirometry FEV1 FVC Ratio 

Baseline Spirometry 

Have the spirometry results been printed out and 

p 

Baseline Spirometry 

Has the patient received a spirometer and been 

tra 

Baseline Spirometry If yes, please detail the spirometer serial number 

Baseline Spirometry 

Has the patient been advised to complete weekly 

sp 

Baseline Spirometry FACED Score 

Baseline Spirometry BSI Score 

Baseline Randomisation and Intervention  Subject ID 

Baseline Randomisation and Intervention  Has the patient had 2 - 3 exacerbations in the las 

Baseline Randomisation and Intervention  

Has the patient had greater than 3 exacerbations 

i  

Baseline Randomisation and Intervention  Is the patient currently taking macrolides?  

Baseline Randomisation and Intervention  Subject ID  

Baseline Randomisation and Intervention  Date of Randomisation:  

Baseline Randomisation and Intervention  Time of Randomisation:  

Baseline Visit Checklist  Subject ID 

Baseline Visit Checklist  

 

Has the patient been given thank you card?  
 

Baseline Visit Checklist  NOTES/COMMENTS  

Visit 2 Assessments  Subject ID 

Visit 2 Assessments  Date of Assessment  

Visit 2 Assessments  Weight (kg)  

Visit 2 Assessments  Temperature (°C)  

Visit 2 Assessments  Respiratory rate (per min) 

Visit 2 Assessments  SpO2 (%)  
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Visit 2 Assessments  

Has the patient completed the RSSQ (since last 

vis  

Visit 2 Assessments  

Has the patient experienced any symptoms or 

signs  

Visit 2 Assessments  

Did a physician decide that a change in 

bronchiect  

Visit 2 Assessments  

Did the patient report the exacerbations or any 

sy  

Visit 2 Assessments  

If no, did the patient experience any 

exacerbation  

Visit 3,4 and 5 Assessments  Subject ID 

Visit 3,4 and 5 Assessments  Visit  

Visit 3,4 and 5 Assessments  Date of Assessment  

Visit 3,4 and 5 Assessments  Weight (kg) 

Visit 3,4 and 5 Assessments  Temperature (°C)  

Visit 3,4 and 5 Assessments  Respiratory rate (per min) 

Visit 3,4 and 5 Assessments  SpO2 (%)  

Visit 3,4 and 5 Assessments  

Has the patient completed the RSSQ (since last 

vis  

Visit 3,4 and 5 Assessments  

Has the patient experienced any symptoms or 

signs  

Visit 3,4 and 5 Assessments  

Did a physician decide that a change in 

bronchiect  

Visit 3,4 and 5 Assessments  

Did the patient report the exacerbations or any 

sy  

Visit 3,4 and 5 Assessments  

If no, did the patient experience any 

exacerbation  

Visit 3,4 and 5 Assessments  Did the patient report any missed doses of their a  

RSSQ Since Last Visit  Subject ID 

RSSQ Since Last Visit  1. Increased Sputum Production 

RSSQ Since Last Visit  2.1 Sputum thickness 

RSSQ Since Last Visit  2.2 Sputum colour 

RSSQ Since Last Visit  3. Increased chest congestion 

RSSQ Since Last Visit  4. New or increased coughing up blood 

RSSQ Since Last Visit  5.1 Intensity of cough 

RSSQ Since Last Visit  5.2 Frequency of cough 

RSSQ Since Last Visit  6. Decreased exercise tolerance 

RSSQ Since Last Visit  7. Increased dyspnoea with exertion 

RSSQ Since Last Visit  8. Malaise, fatigue or lethargy 

RSSQ Since Last Visit  9. Fever 

RSSQ Since Last Visit  10. Weight loss 

RSSQ Since Last Visit  11. Sinus pain and tenderness 

RSSQ Since Last Visit  12. Change in sinus discharge 

RSSQ Since Last Visit  13. School or work absenteeism (due to illness) 

RSSQ Since Last Visit  14.Decreased appetite 

RSSQ Since Last Visit  15. Wheezing 

Spirometry Visits 2,3,4 and 5  Subject ID 
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Spirometry Visits 2,3,4 and 5  Visit  

Spirometry Visits 2,3,4 and 5  Date of Assessment  

Spirometry Visits 2,3,4 and 5  

Was spirometry performed as per the study 

specific 

Spirometry Visits 2,3,4 and 5  

If spirometry not performed as per the study 

speci 

Spirometry Visits 2,3,4 and 5  Time Spirometry performed 

Spirometry Visits 2,3,4 and 5  FEV1 (L) 

Spirometry Visits 2,3,4 and 5  FVC (L) 

Spirometry Visits 2,3,4 and 5  FEV1 % predicted 

Spirometry Visits 2,3,4 and 5  FEF25-75 (L/s) 

Spirometry Visits 2,3,4 and 5  FEV1 FVC Ratio 

Spirometry Visits 2,3,4 and 5  

Have the spirometry results been printed out and 

p 

Spirometry Visits 2,3,4 and 5  Has the patients training on the use of the spirom  

Spirometry Visits 2,3,4 and 5  

Has the patient been advised to complete weekly 

sp  

Visits 2,3 and 4 Checklist  Subject ID 

Visits 2,3 and 4 Checklist  Has the patient been given thank you card?  

Visits 2,3 and 4 Checklist  

 

NOTES/COMMENTS  
 

Visit 5 Checklist  Subject ID 

Visit 5 Checklist  Has the patient been given thank you card?  

Visit 5 Checklist  

 

NOTES/COMMENTS  
 

First Telephone Call for a Suspected Exacerbation  

 

Subject ID 
 

First Telephone Call for a Suspected Exacerbation  Date of Assessment  

First Telephone Call for a Suspected Exacerbation  

Has the patient completed the questionnaire? If 

ye  

First Telephone Call for a Suspected Exacerbation  RSSQ Date  

First Telephone Call for a Suspected Exacerbation  

Has the patient experienced any of the following 

s  

First Telephone Call for a Suspected Exacerbation  Exacerbation sign/symptoms - Date  

First Telephone Call for a Suspected Exacerbation  Exacerbation sign/symptoms - Time  

First Telephone Call for a Suspected Exacerbation  much harder or a little harder - COUGH  

First Telephone Call for a Suspected Exacerbation  

Responses that qualify as deterioration present 

51  

First Telephone Call for a Suspected Exacerbation  Deterioration in domain? - COUGH  

First Telephone Call for a Suspected Exacerbation  Much more often or a little more often - COUGH  

First Telephone Call for a Suspected Exacerbation  

Responses that qualify as deterioration present 

52  

First Telephone Call for a Suspected Exacerbation  much more or a little more- SPUTUM  

First Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 1 

First Telephone Call for a Suspected Exacerbation  Deterioration in domain? - SPUTUM  

First Telephone Call for a Suspected Exacerbation  Much thicker or a little thickeR - SPUTUM  

First Telephone Call for a Suspected Exacerbation  

Responses that qualify as deterioration present 

21  



 

 

 

 

 

 

262 

First Telephone Call for a Suspected Exacerbation  worse - Sputum Purulence  

First Telephone Call for a Suspected Exacerbation  Deterioration in domain? - SPUTUM PURULENCE  

First Telephone Call for a Suspected Exacerbation  

Responses that qualify as deterioration present 

22  

First Telephone Call for a Suspected Exacerbation  much harder or a little harder - Exercise toleranc  

First Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 6  

First Telephone Call for a Suspected Exacerbation  Deterioration in domain? - EXERCISE TOLERANCE  

First Telephone Call for a Suspected Exacerbation  much more difficult or a little more di- Exercise  

First Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 7  

First Telephone Call for a Suspected Exacerbation  much more tired or a little more tired - FATIGUE  

First Telephone Call for a Suspected Exacerbation  Deterioration in domain? - Fatigue  

First Telephone Call for a Suspected Exacerbation  esponses that qualify as deterioration present 8  

First Telephone Call for a Suspected Exacerbation  Deterioration in domain? - Haemoptysis  

First Telephone Call for a Suspected Exacerbation  large increase or a little increase- Haemoptysis  

First Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 4  

First Telephone Call for a Suspected Exacerbation  Total deteriorations:  

 

First Telephone Call for a Suspected Exacerbation  
 

 

Did the patient complete their spirometry at the s  
 

First Telephone Call for a Suspected Exacerbation  

Has the patient 3 or more signs or symptoms 

presen  

First Telephone Call for a Suspected Exacerbation  

Have the symptoms been present for more than 

48 ho  

 

First Telephone Call for a Suspected Exacerbation  
 

Does the patient require a follow up telephone 

cal  

 

First Telephone Call for a Suspected Exacerbation  
 

Has a physician decided that a change in 

bronchiec  

First Telephone Call for a Suspected Exacerbation  If yes, has the physician arranged an antibiotic p  

First Telephone Call for a Suspected Exacerbation  If antibiotics were not prescribed, please provide 

 

First Telephone Call for a Suspected Exacerbation  
 

f Yes, has the physician requested any changes to  

 

First Telephone Call for a Suspected Exacerbation  
 

Did the patient require an unscheduled visit?  

First Telephone Call for a Suspected Exacerbation  

 

DATE  
 

First Telephone Call for a Suspected Exacerbation  NOTES/COMMENTS  

 

First Telephone Call for a Suspected Exacerbation  
 

Fully qualifying exacerbation  

 

First Telephone Call for a Suspected Exacerbation  
 

Partially qualifying exacerbation  

First Telephone Call for a Suspected Exacerbation  

 

No Exacerbation  
 

Second Telephone Call for a Suspected Exacerbation  Subject ID 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Was a second telephone call related to the start o  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Date of Assessment  
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Second Telephone Call for a Suspected Exacerbation  

Has the patient completed the questionnaire? If 

ye  

Second Telephone Call for a Suspected Exacerbation  RSSQ Date  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Has the patient experienced any of the following s  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

much harder or a little harder - COUGH  
 

Second Telephone Call for a Suspected Exacerbation  

Responses that qualify as deterioration present 

51  

Second Telephone Call for a Suspected Exacerbation  Deterioration in domain? - COUGH  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Much more often or a little more often - COUGH  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Responses that qualify as deterioration present 52  
 

Second Telephone Call for a Suspected Exacerbation  much more or a little more- SPUTUM  

Second Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 1 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Deterioration in domain? - SPUTUM  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Much thicker or a little thickeR - SPUTUM  
 

Second Telephone Call for a Suspected Exacerbation  

Responses that qualify as deterioration present 

21  

Second Telephone Call for a Suspected Exacerbation  worse - Sputum Purulence  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Deterioration in domain? - SPUTUM PURULENCE  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Responses that qualify as deterioration present 22  
 

Second Telephone Call for a Suspected Exacerbation  much harder or a little harder - Exercise toleranc  

Second Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 6  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Deterioration in domain? - EXERCISE TOLERANCE  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

much more difficult or a little more di- Exercise  
 

Second Telephone Call for a Suspected Exacerbation  Responses that qualify as deterioration present 7  

Second Telephone Call for a Suspected Exacerbation  much more tired or a little more tired - FATIGUE  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Deterioration in domain? - Fatigue  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

esponses that qualify as deterioration present 8  
 

Second Telephone Call for a Suspected Exacerbation  Deterioration in domain? - Haemoptysis  

Second Telephone Call for a Suspected Exacerbation  large increase or a little increase- Haemoptysis  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Responses that qualify as deterioration present 4  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Total deteriorations:  
 

Second Telephone Call for a Suspected Exacerbation  

Did the patient complete their spirometry at the 

s  



 

 

 

 

 

 

264 

Second Telephone Call for a Suspected Exacerbation  

Has the patient 3 or more signs or symptoms 

presen  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Have the symptoms been present for more than 48 ho  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Has a physician decided that a change in bronchiec  
 

Second Telephone Call for a Suspected Exacerbation  If yes, has the physician arranged an antibiotic p  

Second Telephone Call for a Suspected Exacerbation  If antibiotics were not prescribed, please provide 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

f Yes, has the physician requested any changes to  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Did the patient require an unscheduled visit?  
 

Second Telephone Call for a Suspected Exacerbation  DATE  

Second Telephone Call for a Suspected Exacerbation  NOTES/COMMENTS  

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Fully qualifying exacerbation  
 

 

Second Telephone Call for a Suspected Exacerbation  
 

 

Partially qualifying exacerbation  
 

Second Telephone Call for a Suspected Exacerbation  No Exacerbation  

RSSQ Symptoms of Exacerbation  Subject ID 

RSSQ Symptoms of Exacerbation  1. Increased Sputum Production 

RSSQ Symptoms of Exacerbation  1.Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  2.1 Sputum thickness 

RSSQ Symptoms of Exacerbation  2.1. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  2.2 Sputum colour 

RSSQ Symptoms of Exacerbation  2.2. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  3. Increased chest congestion 

RSSQ Symptoms of Exacerbation  3.Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  4. New or increased coughing up blood 

RSSQ Symptoms of Exacerbation  4.Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  5.1 Intensity of cough 

RSSQ Symptoms of Exacerbation  5.1. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  5.2 Frequency of cough 

RSSQ Symptoms of Exacerbation  5.2. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  6. Decreased exercise tolerance 

RSSQ Symptoms of Exacerbation  6. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  7. Increased dyspnoea with exertion 

RSSQ Symptoms of Exacerbation  7. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  8. Malaise, fatigue or lethargy 

RSSQ Symptoms of Exacerbation  8. Has this change lasted for 48 hours or more 

RSSQ Symptoms of Exacerbation  9. Fever 

RSSQ Symptoms of Exacerbation  10. Weight loss 

RSSQ Symptoms of Exacerbation  10. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  11. Sinus pain and tenderness 

RSSQ Symptoms of Exacerbation  12. Change in sinus discharge 
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RSSQ Symptoms of Exacerbation  12. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  13. School or work absenteeism (due to illness) 

RSSQ Symptoms of Exacerbation  14.Decreased appetite 

RSSQ Symptoms of Exacerbation  14. Has this change lasted for 48 hours or more  

RSSQ Symptoms of Exacerbation  15. Wheezing 

RSSQ Symptoms of Exacerbation  15. Has this change lasted for 48 hours or more  

Telephone Call for Resolution of Exacerbation  Subject ID 

Telephone Call for Resolution of Exacerbation  Date of Assessment  

Telephone Call for Resolution of Exacerbation  Date completed antibiotic:  

Telephone Call for Resolution of Exacerbation  Ongoing - Antibiotic  

Telephone Call for Resolution of Exacerbation  

Has the patient completed the questionnaire? If 

ye  

Telephone Call for Resolution of Exacerbation  RSSQ Date  

Telephone Call for Resolution of Exacerbation  Has the patient completed spirometry?  

Telephone Call for Resolution of Exacerbation  

 

DATE  
 

Telephone Call for Resolution of Exacerbation  NOTES/COMMENTS  

RSSQ End of Exacerbation  Subject ID 

RSSQ End of Exacerbation  1. Increased Sputum Production 

RSSQ End of Exacerbation  2.1 Sputum thickness 

RSSQ End of Exacerbation  2.2 Sputum colour 

RSSQ End of Exacerbation  3. Increased chest congestion 

RSSQ End of Exacerbation  4. New or increased coughing up blood 

RSSQ End of Exacerbation  5.1 Intensity of cough 

RSSQ End of Exacerbation  5.2 Frequency of cough 

RSSQ End of Exacerbation  6. Decreased exercise tolerance 

RSSQ End of Exacerbation  7. Increased dyspnoea with exertion 

RSSQ End of Exacerbation  8. Malaise, fatigue or lethargy 

RSSQ End of Exacerbation  9. Fever 

RSSQ End of Exacerbation  10. Weight loss 

RSSQ End of Exacerbation  11. Sinus pain and tenderness 

RSSQ End of Exacerbation  12. Change in sinus discharge 

RSSQ End of Exacerbation  13. School or work absenteeism (due to illness) 

RSSQ End of Exacerbation  14.Decreased appetite 

RSSQ End of Exacerbation  15. Wheezing 

Concomitant Medication Form  Subject ID 

Concomitant Medication Form  Drug Name  

Concomitant Medication Form  Amount  

Concomitant Medication Form  Unit 

Concomitant Medication Form  Unit Other  

Concomitant Medication Form  Form  

Concomitant Medication Form  Form Other 

Concomitant Medication Form  Dose 

Concomitant Medication Form  Administered how often  
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Concomitant Medication Form  Start Date 

Concomitant Medication Form  Stop Date 

Concomitant Medication Form  If Ongoing 

Concomitant Medication Form  Due to an exacerbation?  

Concomitant Medication Form  Is drug an antibiotic?  

Concomitant Medication Form  calculate the no. of days for antibiotics for exa 

Treatment Discontinuation  Subject ID 

Treatment Discontinuation  

Has the patient completed the 52 weeks of 

interven  

Treatment Discontinuation  

Has the study drug treatment been discontinued 

for  

Treatment Discontinuation  If yes, please provide the date of treatment disco  

Treatment Discontinuation  f yes, please select reason for treatment discont  

Treatment Discontinuation  Please specify other reason: (Treatment Discon)  

Unscheduled Visit Form  Subject ID 

Unscheduled Visit Form  Did the patient attend any unscheduled visits  

Unscheduled Visit Form  Date of visit:  

Unscheduled Visit Form  Details of unschedulded Visit  

Withdrawal of Consent  Subject ID 

Withdrawal of Consent  

Did the patient withdraw consent at any point 

duri  

Withdrawal of Consent  Date consent withdrawn  

Withdrawal of Consent  

Has permission been given to use the anonymous 

dat  

Off Study  Subject ID 

Off Study  Has the patient come off-study?  

Off Study  If yes, please provide date patient came off study  

Off Study  If yes, please indicate the reason for off-study b  

Off Study  Date Last Visit:  

Off Study  Please specify other reason:  

 

2.4 CLEAR EMBARC exacerbation adjudication panel: Terms of reference 
and process 

 
Responsibilities of the adjudication panel: 
• Familiarise themselves with the CLEAR research protocol, which includes the 

exacerbation sub-study protocol as an appendix, as well as this agreed process for the 

adjudication of an exacerbation. 

• Review the exacerbation data provided to decide whether an exacerbation has occurred. 

• Attend adjudication panel meetings by telephone conference to reach consensus about 

the presence/absence of exacerbation. 

• For all exacerbations in the CLEAR Trial the adjudication panel will report exacerbations 

based on EMBARC criteria, and their classification as a fully qualifying EMBARC 

exacerbation or partially qualifying EMBARC exacerbation, other exacerbation or no 

exacerbation.  

• Following each meeting, the Chair will indicate the outcome of the consensus by adding 

the categorisation of exacerbation(s) to the spreadsheet provided by Northern Ireland 
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Clinical Trials Unit (NICTU) and return this to the Trial Statistician via 

clear@nictu.hscni.net   

 

Questions for each exacerbation noted in CLEAR: 
1. Based on the EMBARC criteria is this an exacerbation?  

 

2. If yes: 

Based on the EMBARC criteria is this exacerbation a fully qualifying EMBARC 

exacerbation, or partially qualifying EMBARC exacerbation.  

 

3. If no: 

Is this an other exacerbation or no exacerbation.  

 

Frequency/timing of meetings: 

The first adjudication meeting will take place prior to the end of pilot study. The frequency 

will be at an appropriate timeframe there after until the study ends (usually every 3 months 

and where possible aligning to DMEC meetings). 

 
Confidentiality Procedures: 
The Chief Investigator of the above referenced study requires that all members of the 

Exacerbation Adjudication Panel must recognise, confirm their commitment to, and comply 

with the principles of confidentiality in relation to all study data made available to them to 

discharge their responsibilities as members of the Exacerbation Adjudication Panel.  This 

includes: 

 

• Non disclosure of the protocol, protocol amendments, data, minutes of meetings or 

any other documentation circulated in relation to the operation of the Exacerbation 

Adjudication Panel  to unauthorised individuals 

• Ensuring that all documents relating to the operation of the Exacerbation adjudication 

panel are held securely and are not accessible to others 

• Ensuring that all documents containing information related to the trial in their 

possession are destroyed at the end of the study except for those documents which 

are required to be returned to the NICTU for filing in the Trial Master File. 

 

Panel Membership:  

Chair: 
- Dr Brenda O’Neill, Senior Lecturer in Physiotherapy, Centre for Health and 

Rehabilitation Technologies, INHR Ulster University, Newtownabbey 

 
Decision Making Adjudication Panel Members: [Medical x 2; Specialist physiotherapist x 1] 
 

- Professor Jeremy Brown. Professor of Respiratory Infection, UCL Respiratory, 

University College London. 

 

- Mrs Frances Butler. Advanced Clinical Specialist Physiotherapist in Pulmonary 

Rehabilitation and Chronic Respiratory, York Teaching Hospital NHS Foundation 

Trust. 

 

- Professor Lorcan McGarvey. Professor in Respiratory Medicine, Queen’s 

University Belfast. 

 

Administration Support:  
- Mr Rohan Anand. Queen’s University Belfast 
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Administer process:  

- Northern Ireland Clinical Trials Unit 

 

Panel members are required to sign this document (see below) as an indication of their 

agreement to retain confidentiality about the adjudication information, process and outcome.  

 

Panel Member Signature Date 

Prof Jeremy Brown 

 

 

 

 

Mrs Frances Butler 

 

  

Prof Lorcan 

McGarvey 

 

  

Dr Brenda O’Neill 

 

  

Mr Rohan Anand 

 

  

 

 

  

 
 
Adjudication process: 
• All exacerbation data will be referred.  

• Data from patients will be identified by the NICTU and provided to the Chair 4 weeks in 

advance of the meeting. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adjudication procedure: 
 



 

 

 

 

 

 

269 

 
 
Prior to meeting:  

Chair and administrator to:  
• Request data retrieval on an excel spread sheet from NICTU 4 weeks prior to 

scheduled adjudication meeting (see Table 1 below). 

• Provide relevant data to adjudication panel via exacerbation classification sheets by 

email 2 weeks in advance. 

• Highlight exacerbations coded at the previous panel meeting, but which based on the 

date of any antibiotic prescription and symptom resolution, have potential to be a 

continuation versus new exacerbation.  

• Provide date and time for the adjudication meeting (meeting held via TC). 

 

Adjudication panel members to: 
• Familiarise themselves with the CLEAR research protocol. 

• Review the exacerbation data provided on the classification sheet (Attachment 1) 

• Decide whether an exacerbation has occurred by applying a score against (per score 

sheet): 

a. presence/absence of an exacerbation based EMBARC criteria and  

b. classify the exacerbation.  

• Return individual classification scores to b.oneill@ulster.ac.uk. 

• Discuss and reach consensus about the presence/absence of each exacerbation 

based on individual and group discussion.  

 

During and following meeting: 

Chair to: 
• Summarise the process at the start of the meeting. 

• Facilitate the discussion to support members to reach consensus (i.e. if unanimous 

consensus is not reached then consensus from the majority (2 out of 3) will be 

taken). 

• Remind the panel to review exacerbations coded at the previous panel meeting, but 

which based on the date of any antibiotic prescription and symptom resolution, have 

potential to be a continuation versus new exacerbation (see Table 2).  
• Record the agreed decision(s). 

After meeting

Chair/Admin to circulate written report of meeting

During Meeting
Chair/Admin to summarise process, facilitate 

discussion and record decisions 
Panel members to discuss and agree on consensus 

Prior to meeting

Chair/Admin to obtain data and circulate to panel
Panel members to review data and score 
exacerbations using classification sheet. 
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• Provide the outcome of the consensus by adding the categorisation of 

exacerbation(s) to the spreadsheet provided by NICTU, and return this to the Trial 

Statistician via clear@nictu.hscni.net   

 

Data needed: 
For each patient recorded as having an exacerbation during the trial, the following data will 

be retrieved by NICTU for the chair and administrator, and for the adjudication panel prior to 

the meeting: 

 

Table 1: Data for Decision Making Adjudication Panel Members 

  

Data provided for the panel 
 

• Patient ID 

• Site number 

• RSSQ (symptoms of exacerbation version) answers at beginning of exacerbation  

• Were the symptoms present for 48hrs 

• Prescription of new antibiotics including dates 

• Change in medication(s) for exacerbation i.e. prescription of new antibiotics, [increase in 

airways clearance, concomitant medication log and airway clearance log- chair only] 

• Was there provision of unscheduled visit  

• Any additional notes/comments from the case report form  

 
Additional: 

• Exacerbation classification sheet for decision making panel members 
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Procedure for exacerbations based on EMBARC: 
Classification is required for a fully qualifying EMBARC exacerbation, partially qualifying 

exacerbation, other exacerbation or no exacerbation. The panel will review the EMBARC 

exacerbation definition: 

 

Table 2: Summary of the three parts of the EMBARC definition for bronchiectasis exacerbations 

 

Criteria for the EMBARC definition 
The EMBARC definition consists of three parts which must all be satisfied for a fully 

qualifying exacerbation. If part 3 is met with either part 1, or part 2 it is defined as a 

partially qualifying exacerbation (PQE). 

 

If, however, there is a severe attack within 48 h necessitating treatment, such patients 
would still qualify with the proposed definition as they will have symptoms lasting ⩾48 h, 

as the treatment takes time to improve symptoms. 
 

Part 1- 
Symptoms 

Patient must present with deterioration in 3 or more of the 6 following 

symptoms: 

1. Cough 

2. Sputum volume and/or Consistency 

3. Sputum purulence 

4. Breathlessness and/or Exercise tolerance 

5. Fatigue and/or Malaise 

6. Haemoptysis 

 

Part 2- 
Time 

Symptoms must be present for at least 48 hours. 

Part 3- 
Treatment 

A change in bronchiectasis may include a new treatment with antibiotics 

and/or systemic steroids, or an increase in airways clearance, inhaled 

therapy or another intervention (i.e. other possible causes of clinical 

deterioration have been ruled out).  

Note:For CLEAR this change will be antibiotics only 

For separate exacerbations there must be an unequivocal resolution of symptoms from 

the first event and >14 days to the commencement of a subsequent event. If this criterion 

is not met then the exacerbation is counted as a single continuous event. 
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For each exacerbation, the decision-making panel members will each independently classify 

exacerbations on the classification sheet (Attachment 1) as one of the following: 

 
1. Fully qualifying EMBARC exacerbation  

- Meets the requirements of all three parts of the definition.   

 

o Part 1: Deterioration in at least three symptoms. 

o Part 2: Duration of Symptoms are present for 48 hours or more. 

o Part 3: Physician decision determines a change in bronchiectasis treatment 

(i.e. prescription of antibiotics) 

 

 

2. Partially qualifying EMBARC exacerbation  
- Reported by the physician/patient as an exacerbation and antibiotics were 

prescribed, but only Part 1 or Part 2 was met. The criteria which was/were not met 

should be indicated 

 

o Part 1: Deterioration in at least three symptoms. 

o Part 2: Duration of all the reported symptoms were present for 48 hours or 

more. (i.e. If antibiotics prescribed and there are either 1 or 2 symptoms, AND 

these reported symptoms have been present for >48hrs this is a Partial 

exacerbation) 

o Part 3: Physician decision determines a change in bronchiectasis treatment 

(i.e. prescription of antibiotics) 

 

 

3. Other exacerbation 
- Reported by the physician/patient as an exacerbation and antibiotics were 

prescribed, but Part 1 was not met and Part 2 was not met. The criteria which 

was/were not met should be indicated 

 

 
 

4. No exacerbation 
- Reported by as an exacerbation but no antibiotics were prescribed. 
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Table 3: Summary of the RSSQ 

RSSQ questionnaire summary 
Questions 

(answered by 
patient) 

Possible Answer Choices 

1. Increased sputum 
production 

Much 
more 

A little 
more 

No 
change 

A little 
less Much less Never experienced 

symptom 
2.1. Sputum 

thickness 
Much 
thicker 

A little 
thicker 

No 
change 

A little 
thinner 

Much 
thinner 

 

2.2. Sputum Colour Worse No change Better  

3. Increased chest 
congestion 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

Never experienced 
symptom 

4. New or increased 
coughing up of blood 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

Never experienced 
symptom 

5.1. Intensity of 
cough 

Much 
harder 

A little 
harder 

No 
change 

A little 
lighter 

Much 
lighter 

Never experienced 
symptom 

5.2. Frequency of 
cough 

Much 
more 
often 

A little 
more 
often 

No 
change 

A little 
less often 

Much less 
often 

 

6. Decreased 
exercise tolerance 

Much 
harder 

A little 
harder 

No 
change 

A little 
easier 

Much 
easier 

 

7.Increased dyspnea 
with exertion 

Much 
more 

difficult 

A little 
more 

difficult 

No 
change 

A little 
easier 

Much 
easier 

 

8. Malaise, fatigue or 
lethargy 

Much 
more 
tired 

A little 
more 
tired 

No 
change 

A little 
more 

energy 

Much 
more 

energy 

 

9.Fever Yes No  

10.Weight loss Large 
weight 
gain 

A little 
weight 
gain 

No 
change 

A little 
weight 
loss 

Large 
weight loss 

 

11.Sinus pain and 
tenderness Yes No  

12.Change in sinus 
discharge Worse No change Better Never experienced 

symptom 
13.School or work 

absenteeism (due to 
illness) 

Yes No 
 

14.Decreased 
appetite 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

 

16. Wheezing 
(Additional 
Question) 

 

Large 
increase 

A little 
increase 

No 
change 

A little 
decrease 

Large 
decrease 

Never experienced 
symptom 
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2.5 CLEAR EMBARC exacerbation classification sheet 
Decision making members of the adjudication panel should each use this document 

and the information and data provided within it to classify exacerbations in the 
CLEAR trial according to parts 1, 2 and 3 of the EMBARC criteria. 

Exacerbation panel meeting date 
(DD/MMM/YYYY) 

 

Patient ID:  

Assessment Number:   

Site ID:  

Overall symptom start date and time: 
(DD/MMM/YYYY) (HH:MM) 

 

Unscheduled visit required?  

End date of last antibiotics:  

 

Part 1: The information below relates to the deterioration of symptoms. Review and answer 

Q1: 

All the following domains and corresponding answers recorded below are from the RSSQ 
and are defined as EMBARC deteriorations in that domain 

Domain 
Answers that were selected that correspond to deterioration 

 
Assessment 1 Assessment 2 (if required) 

Cough 
“much harder” or “a little harder” or  

“much more often” or “a little more 

often”  
 

Sputum Volume and/or 
consistency 

“much more” or “a little more”  

“much thicker” or “a little thicker”  

Sputum Purulence “worse”  

Breathlessness and/or exercise 
tolerance 

“much more difficult” or “a little more 

difficult” or 
 

“much harder” or “a little harder”  

Fatigue and/or malaise “much more tired” or “a little more tired”  

Haemoptysis “large increase” or “a little increase”  

Total domain deteriorations:                /6 /6 

 
Part 2: The information below relates to the duration of reported symptoms. Review and 

answer Q2: 

Domain/Symptoms 
Duration ≥ 48 hours 

Assessment 1 
Assessment 2 (if 

required) 
Cough   

Sputum Volume and/or consistency   
Sputum Purulence   

Breathlessness and/or exercise tolerance   
Fatigue and/or malaise   

Haemoptysis   
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Part 3: The information below relates to the prescription of antibiotics. Review and answer 

Q3: 

Where antibiotics prescribed? 
 

 

 

Start date:  

End date:  
 

Any additional notes/comments from case report form regarding the exacerbation: 

 
Part 4: The information below relates to classification of exacerbation. Review and answer 

questions 1-4: 

• If all three answers to questions 1, 2 & 3 below are ‘yes’ this is a fully qualifying 

EMBARC exacerbation.  

• If the answer to part 3 of the definition is ‘yes’ and and the answer to either part 1 or part 

2 is ‘yes’, then it is a partially qualifying EMBARC exacerbation. 

• If the answer to part 3 is ‘yes and answer to parts 1 and 2 are both ‘no’ then it is an other 

form of exacerbation. 

• If the answer to all parts (1,2 & 3) is “no” or the answer to part 3 is “no” then no 

exacerbation occurred.  

[Note: If antibiotics prescribed and there are either 1 or 2 symptoms, AND these reported 

symptoms have been present for >48hrs this is a Partial exacerbation) 

Panel members please now answer questions 1 to 4 below and sign 
1. Was there a deterioration on at least 3 out of 6 domains? (please refer to the answers 

given above and then circle your response):   

 
Yes / No 

 

2. Was the duration of all the reported symptoms at least 48 hours? (please circle your 

response):  

If, however, there is a severe attack within 48 h necessitating treatment, such 
patients would still qualify with the proposed definition as they will have symptoms 
lasting ⩾48 h, as the treatment takes time to improve symptoms. 
 

Yes / No 

 

3. Where antibiotics prescribed? (please circle your response):  

 
Yes / No 
 

4. Now select the type of exacerbation that occurred (please circle your response): 

Fully qualifying EMBARC  /  partially qualifying EMBARC  / other exacerbation /  No 
exacerbation  
Name of adjudicator:  Date (DD/MMM/YYYY): Signature:  

2.6 CLEAR EMABRC adjudication panel checklist for completion of 
procedures (1st meeting) 
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Panel meeting held on 9
th
 April 2019 at 11:30 via TC 

 

Attendees: Brenda O’Neill, Rohan Anand, Frances Butler and Jeremy Brown, 

Apologies: Lorcan McGarvey 

Data period for classification: 27
th
 June 2018- 4

th
 February 2019 

Prior to meeting:  

Item Procedure 
completed and date 

• Request data on an excel spread sheet from NICTU 4 weeks 

before each adjudication panel meeting i.e. ___ [insert date]  
Completed (date) 

• Receive spreadsheet from NICTU. Completed (date) 

• RA and BON to input data from the CTU spreadsheet into the 

classification sheets. 
Completed 

• BO’N and RA will meet to check each classification sheet 

ensure that the correct information has been prepopulated into 

it before they are sent to the panel members for review  

Completed 
(31/01/19 and 
26/02/19) 

• BO’N and RA to circulate classification sheets to panel 

members including date and time of meeting at least 2 weeks 

before panel meeting i.e. ___ [insert date] 

Completed 
(31/01/19 and 
26/02/19) 

• Panel members will review classification sheets, complete and 

electronically sign and return. 

Completed and 
returned  
(5/4/19) 

• BO’N and RA to collate the results from the panel members 

Identify any conflicts/disagreements in the classification sheets 

of the three panel members 

Completed  
(05/4/19) 

• For each exacerbation, RA will retain a copy of the individual 

panel members decision in order to be able to compare 

individual results with any adjudicated decision. 
 

Completed 

  
During the meeting (held on 09/04/19): 

• Facilitate the discussion to support members to reach 

consensus on any disagreement. These conflicts shall then be 

discussed and resolved at the panel meeting.  

Completed 

• Record the agreed decision(s). Completed 

 
Following the meeting: 

• Provide the outcome of the consensus by adding the 

categorisation of exacerbation(s) and return this to Cristina 

Campbell and Evie Gardner, NICTU. 

Completed 
(11/4/19) 

• Uploaded classification sheets and excel sheet of decisions 

onto shared Dropbox folder 

Completed 
(12/4/19) 

• Arrange TC date for next panel meeting. In process 

 

 
2.7 Questions relating to FEV1: 

 

1. "Has the patient experienced a decline in FEV1 > 10% within the last 48 hours?" 

Answer: Yes or No. 

2. “What is the percentage change from the last recorded value?” 
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2.8 Sinus illustration: 
This is the illustration that will be used to inform patients of the location of the sinuses in 

relation to pain for question 11 in the RSSQ: 

 
 
 

2.9 CLEAR Fuch’s exacerbation adjudication panel: Terms of reference and 
process 

 

Responsibilities of the Fuch’s adjudication panel: 
• Familiarise themselves with the CLEAR research protocol, which includes the 

exacerbation sub-study protocol as an appendix. 

• Review the exacerbation data provided to decide whether a Fuch’s exacerbation has 

occurred. 

• Reach consensus about the presence/absence of exacerbation. 

• For all exacerbations in the CLEAR Trial the adjudication panel will report exacerbations 

based on Fuch’s criteria, and their classification as a qualifying Fuch’s exacerbation, 

non-protocol defined Fuch’s exacerbation (NPDE) or no exacerbation.  

• Following each meeting, the Chair will indicate the outcome of the consensus by adding 

the categorisation of exacerbation(s) to the spreadsheet provided by Northern Ireland 

Clinical Trials Unit (NICTU) and return this to the Trial Statistician via 

clear@nictu.hscni.net   

 

 

Frequency/timing of meetings: 

The frequency will usually be every 3 months and where possible aligning to EMBARC 

adjudication meetings. 

 
 

Panel Membership:  

 
Decision Making Adjudication Panel Members:  

 

- Dr Brenda O’Neill, Senior Lecturer in Physiotherapy, Centre for Health and 

Rehabilitation Technologies, INHR Ulster University, Newtownabbey 

 

- Mr Rohan Anand. PhD Student, Queen’s University Belfast 

 
Administer process:  

- Northern Ireland Clinical Trials Unit 
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Adjudication panel members to: 
• Input relevant data to exacerbation classification sheets. 

• Decide whether an exacerbation has occurred by applying a score against (per score 

sheet): 

• Decide the presence/absence of an exacerbation based on Fuchs criteria and classify 

the exacerbation.  

• Discuss and reach consensus about the presence/absence of each exacerbation  

 

 

 

Procedure for exacerbations based on Fuch’s: 
Classification is required for qualifying Fuch’s exacerbation, non-protocol defined Fuch’s 

exacerbation (NPDE) or no exacerbation. 

 

 

 

 

 

Table 1: Summary of the modified Fuch’s criteria for bronchiectasis exacerbations 

 

Domain  
Question 

Number(s) 
(From RSSQ) 

Answers that qualify as 
deterioration 

(From RSSQ) 

Is time >48 
hours  

(Yes or No) 

Deterioration 
in domain? 
(Yes or No) 

Change in sputum 
production 

(consistency, colour, 
volume, or 

haemoptysis) 

2.1 

and/or 
2.2 

and/or 
1  

and/or 
4 

“much thicker” or  “a little 

thicker”  
 

 

“worse”   

“much more” or  “ a little more”  

“large increase” or “a little 

increase”  
 

Increased dyspnoea 
(chest congestion or 
shortness of breath) 

3 

and/or 
7 

“large increase” or  “little 

increase” 
 

 
“much more difficult” or “a little 

more difficult” 
 

Increased cough 

 

5.1 

and/or 
5.2 

 

“much harder” or  “a little harder”   

 
“much more often” or  “a little 

more often” 
 

Fever (>38°c) 9 “yes”   

Increased wheezing 
15  

(Additional 

Question) 

“large increase” or  “little 

increase”  
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Decreased exercise 
tolerance, malaise, 
fatigue, or lethargy 

6 

and/or 
8 

“much harder” or “a little harder”  

 
“much more tired” or “a little 

more tired” 
 

FEV1 decreased 
10% from a 

previously recorded 
value* 

MySpiroSense 

Spirometer 
“yes” N/A  

   
Total 

deteriorations: 7#  

 

* Defined as a previously recorded value from a last stable study visit where possible, as 
these are the main lung functions we will know are done satisfactorily. If a study visit is not 
considered stable then nearest stable lung function to visit will be considered. 

 

 

For each exacerbation, the panel members will each independently classify exacerbations 

on the classification sheet as one of the following: 

 
1. Fully qualifying Fuch’s exacerbation  

- A deterioration in at least four of the seven domains irrespective of time. 

 

2. Non-protocol defined Fuch’s exacerbation (NPDE): 
- A deterioration in less than 4 domains.  

 
3. No exacerbation 

- No deteriorations in domains. 

 
 

 

 

 

 

 

 

2.10 CLEAR Fuchs exacerbation classification sheet 
Fuch’s exacerbation classification sheet 
Exacerbation panel meeting date 
(DD/MMM/YYYY) 

 

Patient ID:  

Assessment Number:   

Site ID:  

 

Part 1: The information below relates to the deterioration of symptoms. Review and 

complete: 

All the following domains and corresponding answers recorded below are from the RSSQ 
and are defined as Fuchs deteriorations in that domain. 
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Domain  
Question 

Number(s) 
(From RSSQ) 

Answers that qualify as 
deterioration 

(From RSSQ) 

Deteriorati
on in 

domain? 
(Yes or No) 

 
Duration ≥ 48 

hours 

Increased cough 

 

5.1 

and/or 
5.2 

 

“much harder” or  “a little 

harder”  

 

 

“much more often” or  “a little 

more often” 

Change in sputum 
production 

(consistency, 
colour, volume, or 

haemoptysis) 

2.1 

and/or 
2.2 

and/or 
1  

and/or 
4 

“much thicker” or  “a little 

thicker”  

 

 

“worse”  

“much more” or  “ a little more” 

“large increase” or “a little 

increase”  

Increased 
dyspnoea (chest 

congestion or 
shortness of breath) 

3 

and/or 
7 

“large increase” or  “little 

increase” 
 

 

“much more difficult” or “a little 

more difficult” 

Fever (>38°c) 9 “yes”  

This is not 
applicable for all 

cases 

Increased wheezing 
15  

(Additional 

Question) 

“large increase” or  “little 

increase”  
 

 

Decreased exercise 
tolerance, malaise, 
fatigue, or lethargy 

6 

and/or 
8 

“much harder” or “a little 

harder” 
 

 

“much more tired” or “a little 

more tired” 

FEV1 decreased 
10% from a 

previously recorded 
value* 

MySpiroSens

e Spirometer 
“yes”  

This is not 
applicable for all 

cases 

   

Total 
deterioratio

ns: 
7#  

 
* Defined as a previously recorded value from a last stable study visit where possible, as 
these are the main lung functions we will know are done satisfactorily. If a study visit is not 
considered stable then nearest stable lung function to visit will be considered. The 
percentage decrease will be calculated as: 
 

	!"#1		%&'()*+,-.	&'/*&0'0 − 	!"#1		23	,32&3	*4	'52/'&623)*7	
!"#1		%&'()*+-,.	&'/*&0'0 	× 100 

 

Change in FEV1 calculation: 
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Part 2: Review and answer questions 1-5: 

• If there is a deterioration in at least 4 out 7 symptoms then a Fuch’s exacerbation 

occurred. If below 4 deteriorations then a non-protocol defined exacerbation (NPDE) 

occurred. If no deteriorations then no exacerbation occurred.  

• Exacerbations are scored with and without a 48 hour time requirement as per below. 

 

1. Was there a deterioration in at least 4 out of 7 domains?  

 
Yes / No 
 

2. Now select the type of exacerbation that occurred: 

Fuchs  /  NPDE Fuchs  / No exacerbation  
 

 

3. Was the duration of all the reported symptoms at least 48 hours alongside deterioration 

of the domains? (please circle your response):  

If, however, there is a severe attack within 48 h necessitating treatment, such 
patients would still qualify with the proposed definition as they will have symptoms 
lasting ⩾48 h, as the treatment takes time to improve symptoms. 
 

Yes / No 
 
 
 

4. Now select the type of exacerbation that occurred: 

Fuchs  /  NPDE Fuchs  / No exacerbation  
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2.11 EMABRC exacerbation panel decisions 
 

 
 

  

Patient ID Form Number Antibiotics prescribed?Symptoms start date/Antibiotic start dateAntibiotic stop date/resolution call Resolved? Concensus? Majority or unanimous? Discussion at panel meeting Final decision at panel meeting
R01006 2 Yes 14/04/2019 28/04/2019 Yes unanimous Other Exacerbation
R01008 2 Yes 28/01/2019 08/04/2019 Yes unanimous Full Exacerbation
R01008 3 Yes 15/05/2019 03/06/2019 Yes unanimous Full Exacerbation
R01009 1 Yes 27/03/2019 02/05/2019 Yes unanimous Full Exacerbation
R01010 1 Yes 18/06/2019 Ongoing Yes unanimous Full Exacerbation
R01012 1 Yes 17/05/2019 04/06/2019 Yes unanimous Full Exacerbation
R01013 1 No 27/05/2019 N/A Yes unanimous No Exacerbation
R01014 1 No 02/06/2019 N/A Yes unanimous No Exacerbation

R01014 2 No 01/07/2019 N/A Yes majority
Fran transcription error. Agrees 

no exacerbation.
No Exacerbation

R01014 3 Yes 22/07/2019 Ongoing Yes unanimous Full Exacerbation

R02002 1 Yes 06/06/2019 23/06/2019 Yes majority
Fran transcription error. Agrees 

full exacerbation.
Full Exacerbation

R02003 1 No 09/07/2019 N/A Yes majority
Fran transcription error. Agrees 

no exacerbation.
No Exacerbation

R03001 1 Yes 04/03/2019 25/03/2019 Yes unanimous Full Exacerbation

R03001 2 Yes 09/07/2019 Ongoing Yes majority
Lorcan wasn’t sure about using 
assessment 1 or 2. Happy to 
agree full exacerbation.

Full Exacerbation

R03002 1 No 13/02/2019 N/A Yes unanimous No Exacerbation
R04001 2 Yes 08/04/2019 19/04/2019 Yes unanimous Full Exacerbation
R04001 3 Yes 24/07/2019 Ongoing Yes unanimous Full Exacerbation
R04005 1 Yes 08/04/2019 21/04/2019 Yes unanimous Full Exacerbation
R04006 1 Yes 20/02/2019 04/03/2019 Yes unanimous Full Exacerbation

R05001 1 Yes 31/01/2019 15/02/2019
Yes majority

Lorcan thought all 5 symptoms 
had to be present. Happy to 

agree to full exacerbtion.
Full Exacerbation

R05001 2 Yes 20/05/2019 07/06/2019 Yes unanimous Full Exacerbation

R05003 1 Yes 01/06/2019 Ongoing
Yes majority

Lorcan thought all 5 symptoms 
had to be present. Happy to 

agree to full exacerbtion.
Full Exacerbation

R06005 1 Yes 24/12/2018 20/01/2019 Yes unanimous Other Exacerbation
R06005 2 Yes 30/04/2019 17/05/2019 Yes unanimous Full Exacerbation
R06006 1 Yes 30/05/2019 19/06/2019 Yes unanimous Full Exacerbation
R06007 1 Yes 03/05/2019 05/06/2019 Yes unanimous Full Exacerbation
R06008 1 Yes 13/05/2019 03/06/2019 Yes unanimous Full Exacerbation
R06008 2 No 28/07/2019 N/A Yes unanimous No Exacerbation

R07001 1 No 11/03/2019 N/A
Yes majority

Fran was hesitant on lack of 
detail. Happy to agree no 

exacerbation. No Exacerbation

R07003 2 Yes 16/06/2019 30/06/2019
Yes majority Lorcan now agrees these are 

partial exacerbation. Partial Exacerbation
R07004 1 Yes 19/03/2019 03/04/2019 Yes unanimous Full Exacerbation

R07004 2 Yes 16/06/2019 24/06/2019 No
Yes majority Lorcan now agrees these are 

partial exacerbation. Partial Exacerbation
R07009 1 Yes 18/03/2019 17/04/2019 Yes unanimous Full Exacerbation
R07009 2 No 21/06/2019 N/A N/A Yes unanimous No Exacerbation
R07010 1 Yes 26/03/2019 04/04/2019 Yes unanimous Full Exacerbation
R07010 2 No 02/05/2019 N/A Yes unanimous No Exacerbation
R07010 3 Yes 25/05/2019 10/06/2019 Yes unanimous Full Exacerbation
R07010 4 No 17/07/2019 19/07/2019 Yes unanimous No Exacerbation
R07019 1 Yes 17/06/2019 19/07/2019 Yes unanimous Full Exacerbation
R01002 1 Yes 20/08/2018 18/09/2018 Yes
R01002 2 Yes 26/09/2018 11/10/2018 Yes

R01002 3 Yes
08/12/2018 Ongoing

Yes majority
Panel agrees this is an other 

form of exacerbation
Other Exacerbation

R01003 1 Yes 11/09/2018 25/09/2018 Yes unanimous Agreed full Full Exacerbation
R01004 1 Yes 08/10/2018 22/11/2018 Yes unanimous Agreed full Full Exacerbation
R01006 1 No 23/11/2018 06/12/2018 Yes unanimous Agreed none No Exacerbation
R01007 1 No 18/11/2018 N/A Yes unanimous Agreed none No Exacerbation

R01008 1 Yes

11/11/2018 27/11/2018

Yes majority

JB is happy with other form of 
exacerbation. In this instance the 

site did not use the form 
properly.

Other Exacerbation

R04001 1 Yes 03/12/2018 16/12/2018 Yes unanimous Agreed full Full Exacerbation

R06001 1 Yes

30/09/2018 13/10/2018

Yes majority

Agreed other. LM not present at 
meeting so will need follow up 

regarding his decision not to 
classify

Other Exacerbation

R06001 2 Yes 05/11/2018 21/11/2018 Yes unanimous Agreed partial Partial Exacerbation
R07003 1 Yes 23/12/2018 09/01/2019 Yes unanimous Agreed full Full Exacerbation
R10002 1 Yes 05/01/2019 Ongoing Yes unanimous Agreed full Full Exacerbation
R11003 1 Yes 08/12/2018 25/12/2018 Yes
R11003 2 Yes 01/01/2019 15/1/209 Yes
R06007 2 Yes 02/08/2019 Ongoing Yes Unanimous Full Exacerbation
R08001 2 Yes 11/05/2019 23/05/2019 Yes Unanimous Other Exacerbation
R08002 1 Yes 31/12/2018 Not recorded Yes Majority JB and FB agree Partial Partial Exacerbation
R08003 1 Yes Not recorded Not recorded Yes Majority FB agrees other Other Exacerbation
R10005 1 Yes 19/03/2019 09/04/2019 Yes Unanimous Full Exacerbation

R10007 1 Not recorded
14/04/2019 Not recorded

Yes Majority
Cannot adjudicate. Need 

clasrification on AB dates
No Exacerbation

R10007 2 Yes 26/06/2019 08/07/2019 Yes Unanimous Full Exacerbation
R11001 1 Yes 09/07/2019 06/08/2019 Yes Unanimous Full Exacerbation
R11002 2 Yes 18/04/2019 03/06/2019 Forms 2 & 3 are the same Ex
R11002 3 Yes 08/07/2019 Ongoing Forms 2 & 3 are the same Ex
R11003 3 Yes 30/01/2019 14/02/2019 Yes Unanimous Full Exacerbation
R11003 4 Yes 13/03/2019 30/03/2019 Forms 4 & 5 are the same Ex
R11003 5 Yes 06/04/2019 24/04/2019 Forms 4 & 5 are the same Ex
R11003 6 Yes 18/05/2019 31/05/2019 Yes Unanimous Full Exacerbation
R11003 7 Yes 19/06/2019 Ongoing Forms 7 & 8 are the same Ex
R11003 8 Yes 24/07/2019 Ongoing Forms 7 & 8 are the same Ex
R11004 1 Yes 06/03/2019 18/03/2019 Yes Unanimous Other Exacerbation
R11006 1 Yes 28/02/2019 20/03/2019 Yes Unanimous Full Exacerbation

R11006 2 Yes
02/05/2019 19/05/2019

JB and FB agree 2,3 & 4 are 
same Ex

R11006 3 Yes
24/05/2019 06/06/2019

JB and FB agree 2,3 & 4 are 
same Ex

R11006 4 Yes
07/06/2019 04/07/2019

JB and FB agree 2,3 & 4 are 
same Ex.

R11007 1 Yes 15/04/2019 12/05/2019 Yes Unanimous Full Exacerbation
R11007 2 Yes 11/06/2019 26/06/2019 Yes Unanimous Full Exacerbation
R11009 1 Yes 18/04/2019 27/04/2019 Yes Unanimous Full Exacerbation
R11009 2 Yes 01/05/2019 27/05/2019 Yes Unanimous Full Exacerbation
R11009 3 Yes 14/06/2019 20/07/2019 Yes Unanimous Full Exacerbation
R11010 1 Yes 18/02/2019 22/02/2019 Yes Unanimous Full Exacerbation
R11011 1 Yes 20/05/2019 03/06/2019 Yes Unanimous Full Exacerbation
R11013 1 Yes 28/07/2019 ongoing Yes Unanimous Full Exacerbation

JB says he possibly made a 
mistake. Agrees with partial 

Yes Unanimous Full Exacerbation

Agreed partial for form 1 
however this is one continuous 

Yes Unanimous Full Exacerbation

Yes Unanimous Full Exacerbation

Full Exacerbation

Full Exacerbation

unanimous

unanimous

Yes Full ExacerbationUnanimous
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2.12  Aim 3 Comparing symptoms from start to end of exacerbations (all data) 
 

Domain 
(from RSSQ) 

Status at baseline 
(n=33) 

Status at beginning of exacerbation 
(n=47) 

 

Status at resolution of exacerbation 
(n=42) 

Better Worse No 
Change 

Never 
experienced 

Better Worse No 
Change 

Never 
experienced 

Better Worse No 
Change 

Never 
experienced 

1.Increased sputum 
production* 

5 6 22 0 2 36 9 0 17 12 13 0 

2.1.Sputum thickness* 5 9 19 N/A 2 36 9 N/A 25 7 10 N/A 
2.2Sputum Colour* 6 6 21 N/A 0 36 11 N/A 22 6 14 N/A 

3.Increased chest 
congestion 

3 8 19 3 0 38 9 0 22 11 9 0 

4.New or increased 
coughing up of blood* 

0 0 5 28 0 4 10 33 1 2 5 34 

5.1.Intensity of cough* 4 9 20 0 0 40 7 0 21 13 8 0 
5.2.Frequency of cough* 4 8 21 N/A 1 39 7 N/A 17 16 9 N/A 
6.Decreased exercise 
tolerance* 

3 7 23 N/A 0 40 7 N/A 14 14 14 N/A 

7.Increased dyspnoea 
with exertion* 

1 12 20 N/A 0 37 10 N/A 15 17 10 N/A 

8.Malaise, fatigue or 
lethargy* 

1 15 17 N/A 0 45 2 N/A 9 27 6 N/A 

9.Fever N/A 2 31 N/A N/A 17 30 N/A N/A 7 35 N/A 
10.Weight loss 1 3 29 N/A 4 5 38 N/A 0 12 30 N/A 
11.Sinus pain and 
tenderness 

N/A 10 23 N/A N/A 9 38 N/A N/A 11 31 N/A 

12.Change in sinus 
discharge 

1 4 26 2 0 26 18 3 6 7 25 4 

13.School or work 
absenteeism (due to 
illness) 

N/A 2 31 N/A N/A 16 30 N/A N/A 15 27 N/A 

14.Decreased appetite 3 4 26 N/A 4 22 20 N/A 7 15 20 N/A 
15.Wheezing 3 5 23 2 0 31 14 1 11 10 15 6 

Table 62: RSSQ status at baseline, beginning and end of exacerbation. Asterisks indicates symptoms covered in EMBARC 
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3.0 Chapter 3 
 

3.1 Methods 
 

3.1.1 Aim 1 R Script 
The statistical software R (www.r-project.org) was used for the analysis of the spirometry 
data. The following are the statistical methods and R code that was used for data 
manipulation for each raw dataset received from sites. These methods summarise the key 
steps involved for the site analysis using FEV1. These methods were repeated for the other 
parameters FVC, FEF and PEF for each site. The full R script is available electronically as a .R 
file. 

The following R packages were loaded and used for functions within this script: dplyr, 

ggplot2, tidyr, data.table and readxl. 

Importing data and basic manipulation 

Each site provided an Excel file that contain Home and Pro data on separate sheets. For each 
site the sheets were separately exported and saved as .txt files in order to be efficiently 
loaded in R. The .txt files for Home and Pro were imported into R using the read.csv function 
with a site location variable “HOME” added: 

HOME.Measurements <- read.table("HOME.txt", header=TRUE, stringsAsFactors=FALSE, sep="\t") 
HOME.Measurements["SITE_LOCATION"] = "HOME" 

The two dataframes, HOME and PRO, were binded together to create one dataframe using 
the function dplyr::bind_rows. This retains all the variables from both dataframes and 
replaces missing/empty data with NA’s. 

SPIRO.Combined <- dplyr::bind_rows(HOME.Measurements, PRO.Measurements) 

A number of variables were not needed and removed. These were deselected from the 
dataframe leaving 11 relevant variables. For each site, test patients and associated data were 
removed from the refined dataframe. Test patients were identified by their non-standard 
names such as “test patient”. 

 
Formatting Date and Time: 

The date and time were not in Coordinated Universal Time (UTC) format and so a number 
of steps were used to produce usable date and time variables within the dataframe: 

Removal of +01:00 from “CREATION_DATE”. This was done using the substr function: 
substr(SPIROrefined$CREATION_DATE, start = 1, stop = 19) 
SPIROrefined$CREATION_DATE <- substr(SPIROrefined$CREATION_DATE, start = 1, stop = 19) 
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Splitting of “CREATION_DATE” into separate characters “DATE” and “TIME”. This was 
done using the functions sapply and strsplit: 

SPIROrefined$Date <- sapply(strsplit(as.character(SPIROrefined$CREATION_DATE), " "), "[", 1
) 
SPIROrefined$Time <- sapply(strsplit(as.character(SPIROrefined$CREATION_DATE), " "), "[", 2
) 

PRO and HOME measurements were then extracted into separate dataframes using the 
function subset: 

PROrefined <- subset(SPIROrefined, SITE_LOCATION == "PRO")  
Homerefined <- subset(SPIROrefined, SITE_LOCATION == "HOME") 

Matching refined dataframes and selecting the best parameters 

The two individual dataframes were matched by the variables “PATIENT_ID” and “Date” 
using the function inner_join. This created a new dataframe and excludes any unmatched 
data, only keeps lung function data that has a Home and Pro value on the same day: 

dfMatched <-inner_join(Homerefined,PROrefined,by=c("PATIENT_ID","Date")) 

The best values for each lung function parameter were determined from the Home and Pro 
dataframes using the top_n function: 

HomerefinedFEV1 <- as.data.frame(Homerefined) 
HomerefinedFEV1 <- top_n(group_by(Homerefined, PATIENT_ID, Date), n = 1, wt = FEV1) 

Matching PRO and Home values: 

The best Pro values for each patient were then matched to corresponding home values using 
inner_join. According to protocol, if there is 100% patient adherence then there should be a 
matched value for every Pro measurement. 

SpiroCominedFEV1 <-inner_join(PROrefinedFEV1,HomerefinedFEV1, by=c("PATIENT_ID","Date")) 

Summary statistics for each paramater’s Home and Pro data were calculated, using the 
summary function: 

summary(SPIROCominedFEV1$FEV1.x) 

Boxplots of both the Home and Pro data were produced using the boxplot function. y axis 
limits were adjusted appropriately. 

boxplot(SpiroCominedFEV1$FEV1.x,  SpiroCominedFEV1$FEV1.y, main= "FEV1 PRO vs Home for site 
1: 36 matched values", 
         names=c("PRO","Home"),  
         ylab="FEV1 L", 
        ylim=c(0, 5)) 

Bland Altman: 
The Bland-Altman plots were manually created as there is no reliable package or function 
available. A litre and percentage difference plot was created for each parameter. 
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Work out differences in litres. PRO - Home: 
FEV1diff <- PROFEV1$FEV1 - HomeFEV1$FEV1 

Determine the overall mean difference in L and as a percentage: 

mean(FEV1diff) 

FEV1diff2 <- (FEV1diff/PROFEV1$FEV1) * 100 
Determine the overall percentage mean difference 
mean(FEV1diff2)  

Determine means of PRO + Home and standard deviations with 95% upper and lower CI: 

FEV1mean <-  (PROFEV1$FEV1 + HomeFEV1$FEV1)/2 

sd(FEV1diff)  
(sd(FEV1diff) * (1.96)) + mean(FEV1diff)  
(sd(FEV1diff) * -(1.96)) + mean(FEV1diff) 

Create a single dataframe for the parameter: 

FEV1 <- data.frame(FEV1mean, FEV1diff) 

The Bland-Altman plot was constructed within the function ggplot using the objects assigned 
previoulsy. y intercepts for the mean difference, regression line, upper and lower CIs were 
added to the appropriate function arguments: 

FEV1BA <-   ggplot(FEV1, mapping = aes(x = FEV1mean, y = FEV1diff)) + 
  geom_point() + 
  labs(title = "Bland-Altman Plot of FEV1[L]", x = "Mean", y = "Difference") + 
  geom_hline(yintercept = mean(FEV1diff), size = 1) + 
  geom_hline(yintercept = (sd(FEV1diff) * (1.96)) + mean(FEV1diff), size = 1, colour = "gre
en") +   
  geom_hline(yintercept = (sd(FEV1diff) * -(1.96)) + mean(FEV1diff), size = 1, colour = "re
d") + 
  geom_smooth(method = "lm", se = FALSE) 

Overall combined site analysis: 

Datasets for each site parameters were exported for a combined overall analysis. Full details 
of this are within the supplementary material. 

 

3.1.2 Aim 2 R Script 
The following packages were loaded for use in this analysis hms, tidyverse, lubridate, gridExtra 

and grid. The dataset loaded for analysis was the combined home spirometry from all sites. 

The dataset was set to encode vectors as factors and then imported using read.table: 

sites.adh <- factor(c(1L, 2L, 3L, 4L, 5L, 6L, 7L, 8L, 10L, 11L, 15L)) 

Categorising weekly spirometry 
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A dataframe was created where patient adherence was categorised as compliance to 
spirometry within a 7 day time frame in which 3 blows were done within one day in the 7 
day period: 

categ.import <- import.home %>% 
  select(site, patientid, date) %>% 
  mutate(site = as.factor(site), 
    patientid = as.factor(patientid), 
    date = as.Date(ymd(date)), 
    week = week(date), 
    year = year(date)) %>% 
  filter(date >= "2018-08-06") 
categ.count <- categ.import %>% 
  group_by(site, patientid, week, year) %>% 
  mutate(  count = case_when(n() > 3 ~ 4L, 
                      n() %in% c(1L, 2L, 3L) ~ n(), 
                      TRUE ~ 0L), 
    adherence = ifelse(duplicated(count), NA_real_, count)) %>% 
  select(  -c(count)) %>% 
  filter(!is.na(adherence)) %>% 
  ungroup() 

Another dataframe was created in which weeks were sequenced from start date to end date 
for each patient. This is the cumulative number of weeks each patient has been in the trial.  

categ.allweeks <- categ.count %>% 
  group_by(site, patientid) %>% 
  complete(date = seq.Date(min(date), max(date), "weeks")) %>% 
  mutate(week = week(date), 
    year = year(date)) %>% 
  arrange(site, patientid, date, week) %>% 
  ungroup() %>% 
  distinct(site, patientid, week, year) 

The two dataframes were merged, joining all cumulative weeks a patient was enrolled to the 
actual spirometry dates using the function full_join. Adherence categories were added as >3, 
3, 2, 1 and 0 blows. 

categ.weeksfixed <- full_join(categ.allweeks, categ.count, c("site", "patientid", "week", "

year")) %>% mutate(adherence = ifelse(is.na(adherence), 0, adherence), 
    ">3" = case_when(adherence > 3 ~ 1, 
                          TRUE ~ 0), 
    "3" = case_when(adherence == 3 ~ 1, 
                         TRUE ~ 0), 
    "2" = case_when(adherence == 2 ~ 1, 
                         TRUE ~ 0), 
    "1" = case_when(adherence == 1 ~ 1, 
                         TRUE ~ 0), 
    "0" = case_when(adherence < 1 ~ 1, 
                         TRUE ~ 0)) 

Comparing expected and actual patient spirometry 

The total number of weeks of full spirometry adherence between the start and end date for 
each patient was determined: 

ExpAct.all <- AdhExac.merge %>% 
  group_by(site, patientid) %>% 
  select(-c(`>3`:`0`)) %>% 
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  summarise(expected = length(site)) %>% 
  ungroup() %>% 
  arrange(site, patientid) 

Then the total number of weeks adherence was >3 and 3 was calculated: 

ExpAct.adh <- AdhExac.merge %>% 
  group_by(site, patientid) %>% 
  filter(`>3` == 1 | `3` == 1) %>% 
  summarise(actual = length(site)) %>% 
  ungroup() 

A new dataframe combined total and actual weeks and calculated the percentage difference 
between actual and expected adherence for each patient: 

ExpAct.merge <- inner_join(ExpAct.all, ExpAct.adh, c("site", "patientid")) %>% 
  mutate(percentage = round((actual / expected) * 100, 2), 
         expected = as.numeric(expected), 
         actual = as.numeric(actual)) %>% 
  arrange(site, patientid) 
  summarise(percentage = round(mean(percentage), 2)) 
ExpAct.gather.weeks <- ExpAct.merge %>% 
  select(-c(patientid, percentage)) %>% 
  group_by(site) %>% 
  pivot_longer(-site, names_to = "type", values_to = "weeks") 

Overall patient spirometry was summarised: 

adh.all <- AdhExac.merge %>% 
  select(`>3`:`0`) %>% 
  colSums() %>% 
  as.data.frame() %>% 
  rename(count = ".") %>% 
  rownames_to_column("criteria") %>% 
  mutate(criteria = factor(criteria, levels = c(">3", "3", "2", "1", "0"))) 

Visualising patient (weekly block) adherence 

A bar chart of total percentage adherence for all sites was created using ggplot: 

adh.all <- mutate(adh.all, Percentage=count/sum(count)*100) 
adh.all %>% 
  ggplot(aes(criteria, Percentage, fill = criteria)) + 
  geom_bar(stat = "identity", colour = "black") + 
  ggtitle("Bar chart showing patient adherence") + 
  xlab("Number of blows") + 
  ylab( "Adherence percentage") + 
  scale_fill_manual(legend.title, values = c("#F1E8B8", "#F9E784", "#E58F65", "#D05353", "#

191919")) 

Bar chart of total percentage of each individual site was also created. 

Visualising expected and actual patient adherence 

A bar chart was created comparing mean percentage difference in actual and predicted 
spirometry across all sites: 

ExpAct.means %>% 
  ggplot(aes(site, percentage)) + 
  geom_bar(stat = "identity", position = "dodge", fill = "#D05353") + 
  ggtitle("Mean percentage adherence across all sites") + 
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  xlab("Site") + 
  ylab("Adherence (%)") 
summary(ExpAct.means) 
summary(ExpAct.merge) 

The summary data of expected and actual values were calculated together with a histogram 
and frequency table: 

x <- ExpAct.gather.weeks %>% 
  filter(type == "actual")  
y <- ExpAct.gather.weeks %>% 
    filter(type == "expected")  
z <- cbind(x,y)  
z <-  (mutate(z, Percent =weeks/weeks1*100)) 
hist(z$Percent, xlab = "100% Adherence",ylab = "Frequency",  col = "grey", border = "black"

, 
      breaks = 5) 
as.data.frame(table(cut(z$Percent, breaks=seq(0,100, by=20)))) 

 

3.1.3 Aim 3 R Script 

The following packages were loaded and used for this script: dplyr, ggplot2, tidyr, data.table, 

hms, lubridate, gridExtra and grid. The dataset that was used for this analysis was the 
combined home spirometry from all sites. The parameters selected for this analysis were 
FEV1 and FVC. Date and time was transformed into UTC format to allow for subsequent 
analysis in this script. This was using the functions substr and strsplit, as described 
previously for Aim 1.  

Refining relevant variables: 

Other variables were coerced into the correct format and any test/dummy records were 
excluded.  

HOME1.select <- HOME1.import %>% 
  select("PATIENT_ID":"Time") %>% 
  rename(site = SITE_LOCATION) %>% 
  select(site, PATIENT_ID, Date, Time, everything()) %>% 
  select(-c(CREATION_DATE)) %>% 
  mutate( 
    site = as.factor(site), 
    PATIENT_ID = as.factor(PATIENT_ID), 
    Date = as.Date(dmy(Date)), 
    Time = as_hms(Time)) %>% 
  filter( 
    Date >= "2018-06-27") 

FEV1 analysis 

The number of spirometry records that met QC of being within 0.150L of each other was 
determined. The highest two FEV1 values for each patient on were selected using the 
functions arrange, group_by and topn and FVC variables were removed from the dataframe. 

FEV.top <- FEV %>% 
  select(-c(FVC, FVC_UNIT)) %>% 
  #Arranges dataframeFEV.top <- FEV %>% 
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  #Removes FVC 
  select(-c(FVC, FVC_UNIT)) %>% 
  #Arranges in order of interest 
  arrange(site, PATIENT_ID, Date) %>% 
  #Groups variables 
  group_by(PATIENT_ID, Date) %>% 
  #Takes top 2 values for each site/patient for FEV1 
  top_n(n = 2, wt = FEV1) %>% 
  #Adds a counter 
  mutate(count = case_when(n() %in% c(1L, 2L) ~ n())) %>% 
  #Ungroups variables 
  ungroup() %>% 
  #Keeps rows with count of 2 
  filter(count == 2) in order of interest 
  arrange(site, PATIENT_ID, Date) %>% 
  #Groups variables 
  group_by(PATIENT_ID, Date) %>% 
  #Takes top 2 values for each site/patient for FEV1 
  top_n(n = 2, wt = FEV1) %>% 
  #Adds a counter 
  mutate(count = case_when(n() %in% c(1L, 2L) ~ n())) %>% 
  #Ungroups variables 
  ungroup() %>% 
  #Keeps rows with count of 2 
  filter(count == 2) 

Calculating difference between top two FEV1 values 

The differences in FEV1 values were calculated and added as new variables using the 
functions lag, lead and coalesce: 

FEV.diff <- FEV.top %>% 
  group_by(PATIENT_ID, Date) %>% 
  mutate( 
    FEV.diff1 = FEV1 - lag(FEV1), 
    FEV.diff2 = FEV1 - lead(FEV1), 
    FEV.diff = coalesce(FEV.diff1, FEV.diff2)) %>% 
  ungroup() %>% 
  select(-c(FEV.diff1, FEV.diff2)) 

Excluding values with difference greater than 0.150L 

Records where the top two FEV1 values had a difference greater than 0.150L were excluded 
from the dataset as per international quality criteria guidelines for spirometry. The higher 
value was then selected from the top two that were within the 0.150L range. This was 
achieved using the functions group_by, filter and top_n.  

FEV.filter <- FEV.diff %>% 
  group_by(PATIENT_ID, Date) %>% 
  filter(FEV.diff >= - 0.15 & FEV.diff <= 0.15) %>% 
  top_n(n = 1, wt = FEV1) %>% 
  ungroup() 

Number of individual patients with FEV1 records: 

The number of lung functions tests per individual patient per day was determined by 
coalescing the variables patient ID and date using the function group_by and then summarize.  

FEV.any <- FEV %>% group_by (PATIENT_ID, Date) %>%  
  summarize(count=n()) 
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FEV.2 <- FEV %>% group_by (PATIENT_ID, Date) %>%  
  summarize(count=n()) %>%  
  filter(count >= 2) 

Summary data was calculated for the top FEV1 values and FEV1 values that met QC. 

3.1.4 Aim 4 R Script 

Two CLEAR datasets were used: one containing the adjudicated EMBARC exacerbations 
and the other containing home spirometry data. These were used to create a listwise 
regression analysis and linear mixed effects model. Before these datasets were imported into 
R, dates were converted to numeric in Excel to form a new variable “DateNum” with 
missing data removed. Data was then imported using read.csv. The following packages were 
used: nlme, CorrMixed, dplyr, ggplot2 and data.table.  

Creating and plotting a listwise regression 
‘No Exacerbation’ were excluded from the exacerbation dataset and the largest FEV1 value 
was selected based on each patient ID and date: 
june.sort <- june.data[order(june.data$PATIENT_ID, june.data$DateNum, 
                             -june.data$FEV1),] 

dt <- data.table(june.data) 
dt[,.SD[which.max(FEV1)],by=list(PATIENT_ID,DateNum)][] -> dt.max 
june.fevm <-  data.frame(dt.max) 

Exacerbations were sorted for each patient using the function order: 

 
june.exac.sort <- june.exac[order(june.exac$Patient.ID, 
                          june.exac$Symptoms.start.date.Antibiotic.start.date),] 

The first exacerbation was determined by grouping by patient ID and filtering by 
exacerbation start date: 
dd <- june.exac.sort %>% group_by(Patient.ID)%>%  
  filter(row_number(Symptoms.start.date.Antibiotic.start.date) ==1) 
june.exac0 <- as.data.frame(dd) 

FEV1 records that occurred 28 days or fewer before the exacerbation were determined using 
the function merge and then linking exacerbation start date to FEV1 dates within a 28 day 
period: 

ff <- merge(june.exac0,june.fevm, by.x ='Patient.ID', by.y = "PATIENT_ID", all.x=TRUE) 
exac.time <- ff[ff$Symptoms.start.date.Antibiotic.start.date >= ff$DateNum & 
               (ff$Symptoms.start.date.Antibiotic.start.date -ff$DateNum) < 28 
               &!is.na((ff$Symptoms.start.date.Antibiotic.start.date -ff$DateNum)),]   
exac.time$tt <- (exac.time$Symptoms.start.date.Antibiotic.start.date -exac.time$DateNum) 
exac.time$regt <- 28 - exac.time$tt 

Observations were sorted by time from exacerbation using the function order (28 days is time 
of exacerbation). The plot was created using the ggplot package: 

p <- ggplot((exac.st),aes(x=regt, y=FEV1, color=Patient.ID)) 
p+geom_line() 
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For regression modelling generate individual patient regressions using lmList. Only patients 
with at least three days of FEV1 readings were included. 

keeps <- names(table(exac.time$Patient.ID))[table(exac.time$Patient.ID)>=3] 
exac.list <- lmList(FEV1 ~ regt | Patient.ID, 
  data = exac.time[exac.time$Patient.ID%in% keeps,], na.action=na.exclude) 
summary(exac.list) 

 

Call:		Model:	FEV1	~	regt	|	Patient.ID.	Data:	exac.time[exac.time$Patient.ID	%in%	keeps,	]		

 

The analysis was modified and repeated for patients who had a 2nd exacerbation. 
	
Call:	Model:	FEV1	~	regt	|	Patient.ID		Data:	exac.time1[exac.time1$Patient.ID	%in%	keeps,	]		

 

Linear mixed effects model: 

A linear mixed model (LME) was run based on data from 39 days (35 for FVC) before an 
exacerbation. This was done using the function lme. 

lm.ran <- lme (FEV1 ~ regt, random = ~regt| Patient.ID, data = exac.time[exac.time$Patient.

ID%in% keeps,]) 

Should the model not converge, additional controls with the lme package would be modified 
with an unconstrained optimisation and increased iterations, for example: 

control = lmeControl(opt = 'nlminb', msVerbose = TRUE, maxIter = 1e8, msMaxIter = 1e8) 

	
Data:	exac.time[exac.time$Patient.ID	%in%	keeps,	]		
	
Random	effects:	
	Formula:	~regt	|	Patient.ID	
	Structure:	General	positive-definite,	Log-Cholesky	parametrization	
	
Fixed	effects:	FEV1	~	regt	

 
3.2 Results 

 
3.2.1 Aim 1 

 
Aim 1 Histograms 
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Figure 55 Histograms of Pro and Home FEV1. 

 

 
Figure 56: Histograms of Pro and Home FVC values 

 
 

  
Figure 57 Histograms of Pro and Home FEF values 
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Figure 58: Histograms of Pro and Home PEF values 

 
Aim 1 QC Histograms 
 

 
Figure 59: Histograms of Home and Pro FEV1 values. 
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Figure 60: Histograms of Home and Pro FVC QC values 

 
 
Aim 1 Timepoint graphs 
 

 
Figure 61: Timepoint graph showing pairing of FEV1 home and pro values  
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Figure 62: Timepoint graph showing pairing of FVC home and pro values. 
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Aim 1: Bland-Altman Percentage Plots 
 
Figure 63 shows the percentage Bland-Altman plot for FEV1. The mean difference, 
represented by the black line, is -1.646% with a SD of 13.05%. Upper and lower confidence 
limits represented by the green and red lines are 23.92% and -27.22% respectively. The 
correlation, represented by the blue line, is -0.2437 negligible and significant (p-value 
<0.001).  

 
Figure 63: Bland-Altman percentage FEV1 QC 

 
Figure 64 shows the percentage Bland-Altman plot for FVC QC. The mean difference, 
represented by the black line, is 1.148% with a SD of 13.09%. Upper and lower confidence 
limits represented by the green and red lines are 26.80% and -24.51% respectively. The 
correlation, represented by the blue line, is -0.2106 negligible and significant (p-value = 
0.004). 
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Figure 64: Bland-Altman percentage FVC QC 

Figure 65 shows the percentage Bland-Altman plot for FEV1. The mean difference, 
represented by the black line, is -1.484 % with a SD of 13.54%. Upper and lower confidence 
limits represented by the green and red lines are 25.06% and -28.03% respectively. The 
correlation, represented by the blue line, is -0.1436 which is low and significantly negative 
(p-value = 0.0234). 
 

 
Figure 65 Bland-Altman plot percentage differences between Pro and HomeFEV1 (n=249) 
 
 

Figure 66 shows the percentage Bland-Altman plot for FVC. The mean difference, 
represented by the black line, is -1.68% with a SD of 13.9%. Upper and lower confidence 
limits represented by the green and red lines are 28.93% and -25.56% respectively. The 
correlation, represented by the blue line, is -0.0724 negligible and not significant (p-value = 
0.26). 
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Figure 66: FVC Bland-Altman plot percentage differences between Pro and Home (n=246). 

 
 
Figure 67 shows the percentage Bland-Altman plot for FEF25-75. The mean difference, 
represented by the black line, is -1.484%with a SD of 13.54%. Upper and lower confidence 
limits, represented by the green and red lines are 25.06% and -28.03% respectively. The 
correlation, represented by the blue line, is weakly positive. 

 

 
Figure 67: FEF25-75 Bland-Altman plot percentage differences between Pro and Home (n=210). 

 
Figure 68 shows the percentage Bland-Altman plot for PEF. The mean difference, 
represented by the black line, is -8.50% with a SD of 20.38%. Upper and lower confidence 
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limits represented by the green and red lines are 31.44% and -48.44% respectively. The 
correlation, represented by the blue line, is -0.0031 and negligible and not significant (p-
value = 0.96). 

 
 

 
Figure 68: PEF Bland-Altman plot percentage differences between Pro and Home (n=249).  
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3.2.2 Aim 4 
 
Aim 4: Listwise Regressions for FEV1 
	
			Call:	
	
Model:	FEV1	~	regt	|	Patient.ID	
	
Data:	exac.time[exac.time$Patient.ID	%in%	keeps,	]	
	
Coefficients:	(Intercept) Time	
Patient Estimate Std Error t value Pr(>|t|) Estimate Std Error t value Pr(>|t|) 

R01004 2.1205353 0.2170532 9.769658 4.00E-11 -0.00136297 0.012515936 -0.10889875 9.14E-01 

R01006 1.8558583 0.1677722 11.061772 1.81E-12 -0.020708661 0.011600424 -1.78516425 8.37E-02 

R01009 2.181332 0.2406997 9.062462 2.38E-10 -0.018796 0.013073013 -1.43777103 1.60E-01 
R03001 1.4815 0.2531578 5.852081 1.67E-06 -0.0047 0.013205738 -0.3559059 7.24E-01 
R04005 1.313293 0.2271401 5.781862 2.04E-06 -0.001026226 0.011036107 -0.09298802 9.26E-01 
R04006 1.073492 0.3762124 2.85342 7.52E-03 0.014397701 0.019821252 0.72637699 4.73E-01 
R05001 2.4792113 0.161533 15.348017 2.60E-16 -0.012194876 0.009885659 -1.23359264 2.26E-01 
R06001 1.7377714 0.1836975 9.459964 8.66E-11 -0.002871429 0.013205738 -0.21743795 8.29E-01 
R06005 2.2172381 0.3351674 6.615315 1.85E-07 0.014428571 0.020880105 0.69102007 4.95E-01 
R06007 2.5479451 0.2348281 10.850258 2.97E-12 -0.010012195 0.01317887 -0.75971578 4.53E-01 
R06008 4.2043412 0.1894192 22.195962 5.29E-21 -0.029250742 0.013790385 -2.12109683 4.18E-02 
R07003 2.8939351 0.3497242 8.274906 1.87E-09 -0.022469466 0.018059681 -1.24417847 2.22E-01 
R07004 0.7160838 0.181578 3.94367 4.10E-04 0.004254335 0.015715299 0.27071296 7.88E-01 
R11004 3.4622781 0.1883015 18.386885 1.43E-18 -0.007662722 0.011243133 -0.68154683 5.00E-01 
R11010 2.557033 0.6566963 3.893783 4.72E-04 -0.015494505 0.02653815 -0.58385778 5.63E-01 

Table 63: Listwise regression for FEV1 for 1st exacerbation (n= 15). Residual standard error: 0.207 on 32 
degrees of freedom. 

 
	
Coefficients:	(Intercept)	 			Time		

 
Patient Estimate Std Error t value Pr(>|t|) Estimate Std Error t value Pr(>|t|) 

R01008 2.5567577 0.09759898 26.196561 2.70E-13 0.010097387 0.007261165 1.3906016 1.86E-01 
R05001 2.217 0.1146168 19.342714 1.69E-11 -0.006 0.007771747 -0.7720272 4.53E-01 
R06001 1.4427067 0.16881333 8.546166 6.30E-07 -0.000886926 0.008856336 -0.1001459 9.22E-01 
R06005 2.5220623 0.11038883 22.847078 1.76E-12 -0.022218069 0.007840045 -2.8339211 1.33E-02 

R07004 0.7414017 0.16707892 4.437434 5.63E-04 -0.004520776 0.007841402 -0.5765264 5.73E-01 
R07010 1.6283571 0.1146168 14.206967 1.04E-09 -0.007428571 0.007771747 -0.9558432 3.55E-01 

R11003 1.6673794 0.08630598 19.319396 1.72E-11 0.007418972 0.004524551 1.6397147 1.23E-01 
Table 64: Listwise regression for FEV1 for 2nd exacerbation (n=7). Residual standard error: 0.1216471 on 14 
degrees of freedom.	
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Aim 4: Listwise Regressions for FVC 
 
 

Coefficients:		(Intercept)	 			Time			
 

Patient Estimate Std Error t value Pr(>|t|) Estimate Std Error t value Pr(>|t|) 

R01004 3.11263 0.3996927 7.787558 6.99E-09 -0.0007626 0.02304748 -0.0330884 0.97380966 
R01006 3.050262 0.3089443 9.873181 3.10E-11 0.00364567 0.02136161 0.17066458 0.86556205 
R01009 3.486612 0.4432366 7.866255 5.64E-09 -0.041236 0.02407331 -1.7129346 0.09639932 
R03001 1.7645 0.4661776 3.785038 6.38E-04 0.01758571 0.02431771 0.72316485 0.47483168 
R04005 1.926624 0.4182673 4.606202 6.22E-05 -0.0098204 0.02032244 -0.4832298 0.63222258 
R04006 1.549566 0.6927764 2.236747 3.24E-02 0.01747586 0.03649985 0.47879267 0.63534162 
R05001 3.386278 0.297455 11.384167 8.67E-13 -0.0006327 0.01820395 -0.0347541 0.97249169 
R06001 2.722771 0.3382698 8.049112 3.44E-09 -0.0053714 0.02431771 -0.2208855 0.82658498 
R06005 3.298071 0.6171942 5.343653 7.31E-06 0.00792857 0.03844968 0.20620644 0.83793603 
R06007 3.019579 0.4324243 6.982909 6.53E-08 -0.0079268 0.02426824 -0.3266339 0.74607164 
R06008 5.106635 0.3488061 14.640328 9.82E-16 -0.033497 0.02539431 -1.3190763 0.19650531 
R07003 3.542122 0.6439998 5.500191 4.63E-06 -0.0127634 0.03325601 -0.3837911 0.70367159 
R07004 1.261434 0.3343669 3.772602 6.60E-04 0.01090173 0.02893895 0.37671498 0.70887196 
R11004 3.884852 0.3467479 11.203679 1.31E-12 -0.0067751 0.02070367 -0.3272438 0.7456147 
R11010 3.736099 1.2092738 3.089539 4.13E-03 -0.0214835 0.04886869 -0.4396172 0.66316912 
R01004 3.11263 0.3996927 7.787558 6.99E-09 -0.0007626 0.02304748 -0.0330884 0.97380966 
R01006 3.050262 0.3089443 9.873181 3.10E-11 0.00364567 0.02136161 0.17066458 0.86556205 
R01009 3.486612 0.4432366 7.866255 5.64E-09 -0.041236 0.02407331 -1.7129346 0.09639932 

Table 65: Listwise regression for FVC for 1st exacerbation (n=18). Residual standard error: 0.3806324 on 32 
degrees of freedom. 

 
Coefficients:		(Intercept)	
	

Time	

Patient Estimate Std Error t value Pr(>|t|) Estimate Std Error t value Pr(>|t|) 

R01008 3.566527 0.1271948 28.039877 1.06E-13 0.015729216 0.009463035 1.66217465 1.19E-01 
R05001 3.366786 0.1493731 22.539436 2.12E-12 -0.001342857 0.010128446 -0.13258275 8.96E-01 
R06001 2.248643 0.2200042 10.220912 7.12E-08 0.000962898 0.011541925 0.08342608 9.35E-01 
R06005 3.737829 0.1438631 25.981851 3.02E-13 -0.043900312 0.010217454 -4.29659981 7.38E-04 
R07004 1.483186 0.2177438 6.811609 8.44E-06 -0.011319945 0.010219223 -1.10771089 2.87E-01 
R07010 2.613786 0.1493731 17.498368 6.53E-11 0.008357143 0.010128446 0.82511603 4.23E-01 
R11003 2.366891 0.1124773 21.043271 5.39E-12 0.000369565 0.005896572 0.06267459 9.51E-01 

Table 66: Listwise regression for FVC for 2nd exacerbation. Residual standard error: 0.1585353 on 14 degrees of 
freedom.	

 
Aim 4: FEV1 Linear Mixed Model Performance 
 
	
Table 67: FEV1 Standardized Within-Group Residuals 

Min 1st Quartile Median 3rd Quartile Max 
-3.473 -0.384 0.0056 0.3109 3.029 

 
 

AIC BIC           logLik 

74.78 90.10 -31.39 

Table 68: FEV1 mixed model evaluation with AIC, BIC and logLik.	
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Aim 4: FVC Linear Mixed Model Performance 
	
	
Table 69: FVC Standardized Within-Group Residuals 

Min 1st Quartile Median 3rd Quartile Max 
-4.406 -0.340 0.062 0.473 1.898 

 

AIC BIC           logLik 

		128.159 142.2219 -58.07952	
 

Table 70: FVC mixed model evaluation.	
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4.0 Chapter 4  
 

4.1 CLEAR Patient Invitation Letter A: generic signature +   no photo                  
    

<<LOCAL TRUST HEADER TO BE INSERTED HERE>> 
 

 
LETTER OF INVITATION 

 
Study Title: A study to compare the effect of two medications to help bronchiectasis 

The CLEAR Trial 
 

Dear Sir/Madam, 
 
I am writing to let you know about a research study that we are participating in called 
CLEAR. The purpose of this study is to determine how effective two medications; 
hypertonic saline (using a nebuliser) and carbocisteine (as capsules) are compared 
with routine care in helping patients with bronchiectasis to bring up their sputum more 
easily.  
 
You may be suitable to participate in this study because you have been diagnosed 
with bronchiectasis. Patients with bronchiectasis typically suffer from a persistent 
cough, chronic daily sputum production and recurrent exacerbations. In this study we 
want to explore if patients with bronchiectasis taking hypertonic saline alone, 
carbocisteine alone or hypertonic saline together with carbocisteine have fewer 
exacerbations compared to patients receiving their usual care for bronchiectasis.  
 
We would like the opportunity to discuss the trial further with you. We have enclosed 
an information sheet to tell you more about the study. Please take your time and read 
through it carefully. 
 
Thank you very much for taking the time to read this information. We will telephone you in the 
near future to discuss the study in more detail. 
 
Kind Regards, 
 
The CLEAR Trial Team 
 
 
Contact Details: 
<< Insert Local Principal Investigator Name followed by their Role/Title>> 
 
<<Insert Local Site Address>> 
 

<<Insert Site Contact Number>>   
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4.2 CLEAR Patient Invitation Letter B: generic signature +  photo 
 

<<LOCAL TRUST HEADER TO BE INSERTED HERE>> 
 

 
LETTER OF INVITATION 

 
Study Title: A study to compare the effect of two medications to help bronchiectasis 

The CLEAR Trial 
 
Dear Sir/Madam, 
 
I am writing to let you know about a research study that we are participating in called 
CLEAR. The purpose of this study is to determine how effective two medications; 
hypertonic saline (using a nebuliser) and carbocisteine (as capsules) are compared 
with routine care in helping patients with bronchiectasis to bring up their sputum more 
easily.  
 
You may be suitable to participate in this study because you have been diagnosed 
with bronchiectasis. Patients with bronchiectasis typically suffer from a persistent 
cough, chronic daily sputum production and recurrent exacerbations. In this study we 
want to explore if patients with bronchiectasis taking hypertonic saline alone, 
carbocisteine alone or hypertonic saline together with carbocisteine have fewer 
exacerbations compared to patients receiving their usual care for bronchiectasis.  
 
We would like the opportunity to discuss the trial further with you. We have enclosed 
an information sheet to tell you more about the study. Please take your time and read 
through it carefully. 
 
Thank you very much for taking the time to read this information. We will telephone you in the 
near future to discuss the study in more detail. 
 
Kind Regards, 
 
The CLEAR Trial Team 
 
 
Contact Details: 
<< Insert Local Principal Investigator 
Name followed by their Role/Title>> 
 
<<Insert Local Site Address>> 
 
<<Insert Site Contact Number>>   
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4.3 CLEAR Patient Invitation Letter C: personal signature + no photo 
 

<<LOCAL TRUST HEADER TO BE INSERTED HERE>> 
 

 
LETTER OF INVITATION 

 
Study Title: A study to compare the effect of two medications to help bronchiectasis 

The CLEAR Trial 
 

Dear Sir/Madam, 
 
I am writing to let you know about a research study that we are participating in called 
CLEAR. The purpose of this study is to determine how effective two medications; 
hypertonic saline (using a nebuliser) and carbocisteine (as capsules) are compared 
with routine care in helping patients with bronchiectasis to bring up their sputum more 
easily.  
 
You may be suitable to participate in this study because you have been diagnosed 
with bronchiectasis. Patients with bronchiectasis typically suffer from a persistent 
cough, chronic daily sputum production and recurrent exacerbations. In this study we 
want to explore if patients with bronchiectasis taking hypertonic saline alone, 
carbocisteine alone or hypertonic saline together with carbocisteine have fewer 
exacerbations compared to patients receiving their usual care for bronchiectasis.  
 
We would like the opportunity to discuss the trial further with you. We have enclosed 
an information sheet to tell you more about the study. Please take your time and read 
through it carefully. 
 
Thank you very much for taking the time to read this information. We will telephone you in the 
near future to discuss the study in more detail. 
 
Kind Regards, 
 
<<Local PI Signature using wet ink>> 
 
 
Contact Details: 
<<Insert Local Principal Investigator Name followed by their Role/Title>> 
 
<<Insert Local Site Address>> 
 
<<Insert Site Contact Number>>   
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4.4 CLEAR Patient Invitation Letter C: personal signature + photo 
 
 
 

LETTER OF INVITATION 
 
Study Title: A study to compare the effect of two medications to help bronchiectasis 

The CLEAR Trial 
 

Dear Sir/Madam, 
 
I am writing to let you know about a research study that we are participating in called 
CLEAR. The purpose of this study is to determine how effective two medications; 
hypertonic saline (using a nebuliser) and carbocisteine (as capsules) are compared 
with routine care in helping patients with bronchiectasis to bring up their sputum more 
easily.  
 
You may be suitable to participate in this study because you have been diagnosed 
with bronchiectasis. Patients with bronchiectasis typically suffer from a persistent 
cough, chronic daily sputum production and recurrent exacerbations. In this study we 
want to explore if patients with bronchiectasis taking hypertonic saline alone, 
carbocisteine alone or hypertonic saline together with carbocisteine have fewer 
exacerbations compared to patients receiving their usual care for bronchiectasis.  
 
We have enclosed an information sheet to tell you more about the study. Please take 
your time and read through it carefully. 
 
Thank you very much for taking the time to read this information. We will telephone you in the 
near future to discuss the study in more detail. 
 
Kind Regards, 
 
<<Local PI Signature using wet ink>> 
 
Contact Details: 
<< Insert Local Principal Investigator 
Name followed by their Role/Title >> 

 
<<Insert Local Site Address>> 

 
<<Insert Site Contact Number>> 
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4.5 SWAT A/B recruitment pack instructions 

SWAT A/B: CLEAR Recruitment Pack 
Instructions: 

 
• Your site has been provided with a bundle of sealed SWAT 

recruitment packs. Each recruitment pack contains a patient 
invitation letter, a patient information sheet and an informed 
consent form. These packs should not be opened until they are 
given to a patient that you are inviting to participate in 
CLEAR. 
 

• Each recruitment pack has a unique recruitment pack identifying 
number on the back of the envelope.  
 

• In the bundle you have received, the recruitment packs are 
collated in sequential order based on the unique identifying 
numbers. Packs must be handed out in sequential order to 
patients. 

 
• Please use the unique identifying number list provided to ensure 

the correct sequential distribution and mark off those packs, on the 
list, once they are handed out. 
 

• If screening/recruitment is done at more than one site or with more 
than one coordinator- it is possible to split bundle. Please discuss 
this with the NICTU. Split bundles of packs will need to be also 
kept and distributed in sequential order according to the list. 

 
• Before giving a recruitment pack to a patient, enter the full 

SWAT Recruitment Pack Identifying Number located on the 
back of the pack onto the screening log. 

 
• If posting a pack to a patient, the address of the patient can be 

added to the front of the invitation pack/envelope.  
 
When you need more invitation packs to give to patients, please contact 
the NICTU at least one month in advance so packs can be prepared: 

  clear@nictu.hscni.net 
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4.6 CLEAR and SWAT participating sites 

Investigative Sites 
Pilot Study  Main Study  

Dr Martin Kelly 
Altnagelvin Area Hospital 
Glenshane Rd 
Londonderry BT47 6SB 

Dr Timothy Gatheral 
Royal Lancaster Infirmary 
Ashton Rd 
Lancaster LA1 4RP 

Dr John Hurst 
Royal Free Hospital 
Pond St 
Hampstead 
London NW3 2QG 

Dr Anita Sullivan 
Queen Elizabeth Hospital 
Birmingham 
Mindelsohn Way  
Birmingham B15 2TH 

Prof Adam Hill 
Royal Infirmary Edinburgh 
51 Little France Cres 
Edinburgh EH16 4SA 

Dr William Flight 
John Radcliffe Hospital 
Headley Way 
Headington 
Oxford OX3 9DU 

Dr Anthony de-Soyza  
Freeman Hospital 
Freeman Rd 
High Heaton 
Newcastle upon Tyne NE7 7DN 

Dr Alina Ionescu 
Royal Gwent Hospital 
Cardiff Rd 
Newport NP20 2UB 

Dr Michael Loebinger  
Royal Brompton Hospital 
Sydney St  
Chelsea 
London SW3 6NP 

Dr Georgina Russell 
St Mary's Hospital 
Praed St 
Paddington 
London W2 1NY 

Dr Damien Downey 
Belfast City Hospital 
51 Lisburn Rd  
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4.7 CLEAR Patient and Public Involvement Meeting 
 
Date: 30th June 2017, 11am 
Location: Northern Ireland Clinical Research Facility, City Hospital Belfast 
Attendees: Judy Bradley, Rohan Anand & Aiden Kearney (PPI representative) 
 
This meeting took place to allow for Aiden Kearney to provide his feedback on patient 
related documentation that will be used in the CLEAR trial. Aiden met with Judy on Tuesday 
27th June 2017 and was given the documents to review. It was explained the traffic light 
system should be used to review the documents which classifies feedback into three 
categories: 
 
GREEN: 

• Clear and concise information on the research study with almost all potential 
questions answered 

• Language used is clear and understandable 
• Overall very well written and designed document 

 
AMBER: 

• Overall a well written document with most of the potential questions answered 
• Language used could be made simpler 
• Overall a fairly well written and designed document 

 
RED: 

• Poorly written document with some major questions left answered 
• Written in technical and difficult language 
• Overall a poorly written and designed document 

 
The following 7 documents were reviewed by Aiden with his feedback listed and 
the subsequent actions to follow: 

 
1. Health Service Use Questionnaire: 

GREEN: 
• Very good questionnaire 
• Simple to use 
• Great font size 
• Well written and very easy to read 

Actions: None 
 
 

2. Patient Study Card: 
GREEN: 

• Is great with all the right information 

AMBER: 
• Certain text/areas needs to be highlighted to stand out 
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Actions:  
• Make the title bolder and bigger 
• Make the reminder statements bolder, bigger with a different colour 
• Ensure that the card will be laminated 

 
 

3. Poster: 
RED: 

• Well written but needs less words- removal of study medication names 
• Needs more colour to be more eye-catching such as half the page a green colour 
• Could add a picture of a friendly nurse 

Actions: 
• Needs redrafting  

 
 
 

4. Letter of Invitation (including the four SWAT versions): 
GREEN: 

• Well written with good information  
• Wet signatures are good and better than generic signatures in the SWAT letters 
• Picture and position is good in the SWAT letters 

AMBER: 
• Make the font bigger as some elderly people may struggle to read 
• Insert the CLEAR logo at the top 
• Title could rephrased to increase interest and be more accessible 
• Include information relating the nebuliser and capsules 
• Do not need the section about inclusion criteria in the third paragraph as some 

people may think that they won’t be able to participate 

Actions: 
• Increase font size 
• Insert CLEAR logo 
• Change title to “A Study to compare the effect of two mediations to help 

bronchiectasis” 
• Explain the nebuliser and capsules in 2nd paragraph 
• Remove inclusion criteria reference 

 
 

5. Consent Form: 
AMBER: 

• Make the font bigger as some elderly people may struggle to read 
• Include site header with the NHS logo 

Actions: 
• Increase font size 
• Insert NHS logo 
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6. Patient Information Sheet: 

Green: 
• Very good, covers all the relevant information 
• Well written  
• Can be read in a reasonable amount of time, not too long 

Amber: 
• Subheadings within the document could be bolder or put into capitals 
• Make the font bigger as some elderly people may struggle to read 

 
Actions:  

• Make subheadings stand out more 
• Increase font size 

 
 

7. Thank You Cards: 
Green: 

• Great idea as people would prefer something to keep rather than being just verbally 
thanked 

• Personalised message inside card  is a nice touch 
• Card design for visit 3 is favourite 

Amber: 
• The words “Thanks/Thank You” should be as big as possible 
• A flowery design may not appeal to men 

Actions: 
• Increase font of “Thanks/Thank You” 
• Keep card designs as gender neutral as possible 

 
8. AOB: 
• Aiden suggests all documents should contain the CLEAR study logo. 
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4.8 R script 
SWAT Invitation Letters Analysis: 
Load packages: 
library(dplyr)  
library(ggplot2) 
library(tidyr) 
library(data.table) 
library(stringr) 
library(tidyverse) 

exporting dataframes to csv files: 
write.csv(Matched3,"/Users/Rohan/Dropbox/PhD/SWATs/Thesis/File Name.csv", row.names = 
FALSE) 

Pre-importing formatting: In the screening log columns H, I and J were renamed to 
Screening ID, SWAT Recruitment Pack Identifying Number and Subject ID 
respectively. In the demographics file, irrevelent columns were deleted and age was 
derived from DOB using the =INT function in Excel. 
import data: 
ScreeningLog <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/CLEAR_ScreeningLog.csv') 
RandomisationList <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis//Chapter 4/CLEAR_SWAT_

AB Randomisation List.csv') 
DemographicList <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 4/Demographics.c

sv') 

Match by subject ID between ScreeningLog and Randomisation List: 

Matched <-inner_join(ScreeningLog, RandomisationList, by=c("SWAT.Recruitment.Pack.Identifyi

ng.Number")) 

Now match above dataset with DemographicList: 

Matched2 <-inner_join(Matched, DemographicList, by=c("Subject.ID")) 

Overall Analysis 

Summary data for $Subject.ID/-8 and $Assignment: 
summary(Matched) 

Tally overall invitation letters: 

Matched %>%  
  group_by(Subject.ID) %>%  
  count(Assignment, na.rm = TRUE) 

Counting all invitation letters handed out: 

All.Letters <- distinct(Matched) %>%  
  count(Assignment) 

Filtering those patients that enrolled and counting those invitation letters: 

Enrolled.Letters <- Matched %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(Assignment) 

Bar chart of invitation letters (primary outcome): 

Enrolled.Letters$Total <- 'Enrolled' 
All.Letters$Total <- 'Distributed' 
Combined <- rbind(All.Letters, Enrolled.Letters) 
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ggplot(Enrolled.Letters, aes(factor(Total), n, fill = Assignment)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 
 
ggplot(Combined, aes(factor(Total), n, fill = Assignment)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

bar chart of photo vs no photo: 

Photo <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 4/PhotovNoPhoto.csv') 
ggplot(Photo, aes(factor(Total), n, fill = Assignment)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set3") 

bar chart of wet signature vs generic signature: 

Signature <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 4/Signature.csv') 
ggplot(Signature, aes(factor(Total), n, fill = Assignment)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set2") 

Subgroup Analysis Age 

hist(Matched2$AGE) 

First assign categories to age groups by conditional subsets: 

data2 <- Matched2 
data2$AGE[data2$AGE >= 0 & data2$AGE <= 60] <- "0-60" 
data2$AGE[data2$AGE >= 60] <- "60+" 

Frequency table of age groups: 

freq_tbl <-  
  data2 %>% 
  mutate(AGE = as.factor(AGE)) %>% 
  count(AGE) 

Filtering patients by age group 0-60 and creating plot: 

 data2 %>% 
  filter(AGE == "0-60") -> Age060  
  
 Enrolled.Letters2 <- Age060 %>% filter(str_detect(Subject.ID,"^R" )) %>%  
   count(Assignment) 
  
 ggplot( Enrolled.Letters2, aes(factor(Assignment), n, fill = Assignment)) +  
   geom_bar(stat="identity", position = "dodge") +  
   scale_fill_brewer(palette = "Set1") 

Filtering patients by age group 60+ and creating plot: 

 data2 %>% 
  filter(AGE == "60+") -> Age60plus  
  
 Enrolled.Letters3 <- Age60plus %>% filter(str_detect(Subject.ID,"^R" )) %>%  
   count(Assignment) 
  
 ggplot( Enrolled.Letters3, aes(factor(Assignment), n, fill = Assignment)) +  
   geom_bar(stat="identity", position = "dodge") +  
   scale_fill_brewer(palette = "Set1") 

Subgroup Analysis Gender 
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Filtering patients by female gender and creating plot: 

data2 %>% 
  filter(GENDER == "Female") -> Female  
 
Enrolled.Letters4 <- Female %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(Assignment) 
 
ggplot( Enrolled.Letters4, aes(factor(Assignment), n, fill = Assignment)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

Filtering patients by male gender and creating plot: 

data2 %>% 
  filter(GENDER == "Male") -> Male  
 
Enrolled.Letters5 <- Male %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(Assignment) 
 
ggplot( Enrolled.Letters5, aes(factor(Assignment), n, fill = Assignment)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

Secondary outcome:  

Import CLEAR Withdrawals file, n=16: withdrawn patients due to reasons other than 
withdrawal of consent were removed leaving n=11 

Withdrawals <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis//Chapter 4/Withdrawals.csv') 

Match by subject ID between Withdrawals and ‘Matched’ dataset: 

Matched3 <-inner_join(Matched, Withdrawals, by=c("Subject.ID")) 

Filter to confirm withdrawn patients: 

Matched3 <- filter(Matched3, Withdrawn == "Y") 

Tally invitation letters: 

summary(Matched3$Assignment) 

Graph of 4 comparisons: 

BarChart <- ggplot(Matched3, aes(Assignment)) 
BarChart + geom_bar() 

 
  

  



 
 

316 
 

5.0 Chapter 5 
 

5.1 Design and order of cards 
Visit 1:      Visit 2: 

  
 

 
Visit 3:     Visit 4:  

 
 
Visit 5: 
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5.2 CLEAR SWAT C Instructions (thank you cards) 
• There will be a SWAT C pack for each randomised patient. Each SWAT C 

pack will have subject ID numbers on the front in the format RSSNNN, where 
SS is the site number and NNN is a sequential number. Please hand out 
packs in sequential order at your site.  

• At visit 1, open the SWAT C pack with the appropriate subject ID number for 
that patient. When you open the envelope, there will be an instruction sheet 
which will indicate their assigned SWAT C group for the trial: 

1. Code 01 = generic thank you card 
2. Code 02 = personalised thank you card 
3. Code 03 = no thank you card 

• Record the assigned SWAT C code in the Case Report Form.  
• Please follow the instructions below for each SWAT C pack (instructions are 

also within the pack envelope): 
 

 
SWAT C/Code 01: 
SWAT C packs which have an allocated Code 01 will contain a set of five generic cards for 
the patient (one clearly identified for each scheduled visit: V1, V2, V3, V4, V5). 
 
Instructions when generic thank you cards in SWAT C 
Pack (code 01): 

• Insert “Code 01” into CRF. 
• Do not write on this card, nothing needs to be 

added on the generic thank you card.  
• Give the card to the patient at the end of visits 1, 2, 

3, 4 and 5 in the order illustrated below. 
 

 
 
 
SWAT C/Code 02: 
SWAT C packs which have an allocated Code 02 will contain a set of five personalised cards 
for the patient (one clearly identified for each scheduled visit: V1, V2, V3, V4, V5). 
 
Instructions when personalised thank you cards in SWAT C 
Pack (code 02): 

• Insert “Code 02” into CRF. 
• Inside the card you will need to handwrite the patient’s 

name and also your name in the areas circled as in the 
picture opposite. 

• Do this and give the card to the patient at the end of 
visits 1, 2, 3, 4 and 5 in the order illustrated below. 
 
 

 
 
 
 
  
 

Patient 
name 

Your 
name 
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SWAT C/Code 03: 
SWAT C packs which have an allocated  Code 3 will contain no cards.  
 
 Instructions when no thank you cards in SWAT C Pack (code 03): 

• Insert “Code 03” into CRF. 
• This pack in the bundle will be empty and patients randomised to this code 

will not receive a thank you card at the end of each visit.  
 
 
 
Please ensure that the thank you cards are clearly identified and given in 

the following order for each visit: 
 Visit 1      Visit 2     Visit 3     Visit 4             

Visit 5 

 
 

If your site needs more SWAT C packs please contact 
NICTU at least 4 weeks in advance: clear@nictu.hscni.net 
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5.3. Thank you card wording 
 
Visits 1-4 
Personalised thank you card:   Generic thank you card: 
 

 
 
Visit 5 (last visit) 
Personalised thank you card:   Generic thank you card: 
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5.4. R script 

SWAT Thank you card Analysis. 

Load packages required for this analysis: 
library(dplyr)  
library(ggplot2) 
library(tidyr) 
library(tidyverse) 
library(data.table) 
library(stringr) 
library(survival) 
library(ranger) 
library(ggfortify) 
library(lubridate) 
library(survminer) 

exporting dataframes to csv files: 

write.csv(Matched3,"/Users/Rohan/Dropbox/PhD/SWATs/Thesis/File Name.csv", row.names = FALSE

) 

Pre-importing formatting within Excel: In the BaselineRandomisation file, columns A and D - 
J were deleted. In the Demographics file, irrevelent columns were deleted and age was 
derived from DOB using the =INT function in Excel. In the OffStudy file, columns A and D - J 
were deleted. R02002, R04006, R06001, R07004 were delated as they were On Study. In the 
BLVisitChecklist, columns A and D - G were deleted. Also all empty rows with repeat 
numbers 2-7 for all patients using Find & Select. In BLVisitChecklist, patient number 80060 
was corrected to R08006. 

import data: 
BaselineRandomisation <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 5/BLRandom

Intervention.csv') 
DemographicList <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 4/Demographics.c

sv') 
OffStudy <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 5/OffStudy.csv') 
BLVisitChecklist <- read.csv('/Users/Rohan/Dropbox/PhD/SWATs/Thesis/Chapter 5/BLVisitCheckl

ist.csv') 

Primary objective Match by subject ID between BLVisitChecklist and OffStudy : 

Matched <-inner_join(BLVisitChecklist, OffStudy, by=c("Subject.ID")) 

Now match above dataset with BaselineRandomisation to find start and end date in trial: 

Matched2 <-inner_join(Matched, BaselineRandomisation, by=c("Subject.ID")) 
summary(BLVisitChecklist) 
summary(Matched) 

filter for only withdrawal of patient consent: 

Matched2 %>% 
  filter(REASON == "Withdrawal of Patient Consent" | REASON ==  "Other"  | REASON ==  "Comp

lexity of Study"| REASON ==  "Lost to Follow-Up") -> Matched2 

remove patient not participating in SWAT: 

Matched2 = Matched2[!Matched2$THANKYOUCARD == "Not participating in SWAT"   ,] 

Tally overall Thak you cards and number off study 
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Matched2 %>%  
  group_by(Subject.ID) %>%  
  count(THANKYOUCARD, na.rm = TRUE) 
summary(Matched2$THANKYOUCARD) 

Counting all Thank you cards handed out: 

BLVisitChecklist  %>%  
  count(THANKYOUCARD) 

and those from patients that withdrew: 

summary(Matched2$THANKYOUCARD) 

bar chart 

Count <- Matched2 %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(THANKYOUCARD) 
 
ggplot(Count, aes(factor(THANKYOUCARD), n, fill = THANKYOUCARD)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

Subgroup Analysis Gender merge Demographic list to Matched2 

Matched3 <-inner_join(Matched2, DemographicList, by=c("Subject.ID")) 
summary(Matched3$GENDER) 

Filtering patients by FEMALE gender and creating plot: 

Matched3 %>% 
  filter(GENDER == "Female") -> Female  

Find total number of Females that withdrew: 

CountFemale <- Female %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(THANKYOUCARD) 

Find total number of Females randomised into SWAT C: 

CountFemale2 <- inner_join(BLVisitChecklist, DemographicList, by=c("Subject.ID")) %>% 
  filter(GENDER == "Female")  
summary(CountFemale2$THANKYOUCARD) 
 
ggplot(CountFemale, aes(factor(THANKYOUCARD), n, fill = THANKYOUCARD)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

Filtering patients by MALE gender and creating plot: 

Matched3 %>% 
  filter(GENDER == "Male") -> Male  

Find total number of Males that withdrew: 

CountMale <- Male %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(THANKYOUCARD) 

Find total number of Males randomised into SWAT C: 

CountMale2 <- inner_join(BLVisitChecklist, DemographicList, by=c("Subject.ID")) %>% 
  filter(GENDER == "Male")  
summary(CountMale2$THANKYOUCARD) 
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ggplot(CountMale, aes(factor(THANKYOUCARD), n, fill = THANKYOUCARD)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

Subgroup Analysis Age 

hist(Matched3$AGE) 

First assign categories to age groups by conditional subsets 

data2 <- Matched3 
data2$AGE[data2$AGE >= 0 & data2$AGE <= 60] <- "0-60" 
data2$AGE[data2$AGE >= 60] <- "60+" 

Frequency table of age groups 

freq_tbl <-  
  data2 %>% 
  mutate(AGE = as.factor(AGE)) %>% 
  count(AGE) 

Filtering patients by age group 0-60 and creating plot: 

data2 %>% 
  filter(AGE == "0-60") -> Age060  

Number that withdrew and type of card: 

Age1 <- Age060 %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(THANKYOUCARD) 
 
ggplot(Age1, aes(factor(THANKYOUCARD), n, fill = THANKYOUCARD)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

total people aged 0-60 that and thier assignment 

Age2 <- inner_join(BLVisitChecklist, DemographicList, by=c("Subject.ID")) 
Age2$AGE[data2$AGE >= 0 & data2$AGE <= 60] <- "0-60" 
Age2 %>% 
    filter(AGE == "0-60") -> Age060_2 
summary(Age060_2$THANKYOUCARD) 

Filtering patients by age group 60+ and creating plot: 

data2 %>% 
  filter(AGE == "60+") -> Age60plus  
 
Age3 <- Age60plus %>% filter(str_detect(Subject.ID,"^R" )) %>%  
  count(THANKYOUCARD) 
 
ggplot(Age3, aes(factor(THANKYOUCARD), n, fill = THANKYOUCARD)) +  
  geom_bar(stat="identity", position = "dodge") +  
  scale_fill_brewer(palette = "Set1") 

total people aged 0-60 that and thier assignment 

Age4 <- inner_join(BLVisitChecklist, DemographicList, by=c("Subject.ID")) 
Age4$AGE[data2$AGE >= 60] <- "0-60" 
Age4 %>% 
  filter(AGE == "0-60") -> Age060plus2 
summary(Age060plus2$THANKYOUCARD) 
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Secondary outcome: Duration of participants in trial before withdrawing. Matched3 
contains all nesscessary information: convert to date format and calculate duration between 
randomisation date and off study date: 

date1 <- strptime(Matched3$RANDOMDAT, format="%d/%m/%Y") 
date2 <- strptime(Matched3$OFFSTUDY_DAT, format="%d/%m/%Y") 

adding days and weeks to dataframe whilst working out the differences using difftime. What 
is returned by difftime is an object of class “difftime”. Converted to numberic using 
as.numeric: 

Matched3$Weeks <-as.numeric(difftime(date2,date1),units="weeks") 
Matched3$Days <- as.numeric(difftime(date2,date1),units="days") 

#summary data for all 11 patients: 

summary(Matched3$Weeks) 
sd(Matched3$Weeks) 

Duration in trial according to type of card: Filter for Generic cards: 

Matched3 %>% 
  filter(THANKYOUCARD == "Generic thank you card") -> SecondGeneric 
summary(SecondGeneric$Weeks) 
sd(SecondGeneric$Weeks) 

Filter for Personal cards: 

Matched3 %>% 
  filter(THANKYOUCARD == "Personalised thank you card") -> SecondPersonal 
summary(SecondPersonal$Weeks) 
sd(SecondPersonal$Weeks) 

Filter for No cards: 

Matched3 %>% 
  filter(THANKYOUCARD == "No thank you card") -> SecondNo 
summary(SecondNo$Weeks) 
sd(SecondNo$Weeks) 

Filter for both generic and personal cards: 

Matched3 %>% 
  filter(!THANKYOUCARD == "No thank you card") -> SecondGenPers 
summary(SecondGenPers$Weeks) 
sd(SecondGenPers$Weeks) 

boxplots 3 interventions: 

boxplot(SecondGeneric$Weeks, SecondPersonal$Weeks, SecondNo$Weeks, 
        at = c(1,2,3), 
        names = c("Generic", "Personalised", "No card"), 
        ylab = "Time (weeks)") 

card vs no card: 

boxplot(SecondGenPers$Weeks, SecondNo$Weeks, 
    at = c(1,2), 
    names = c("Card", "No card"), 
    ylab = "Time (weeks)") 
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unpaired t-test for significance: tests were completed on 
https://www.medcalc.org/calc/comparison_of_means.php card vs no card 

t1 <- t.test(Weeks ~ THANKYOUCARD , data = SecondGenPers, var.equal = TRUE) 
t1 

econdary outcome (Kaplan Meier curve with only 11 patients)___________: #Use Surv() to 
build the standard survival object 

km <- with(Matched3, Surv(Weeks, OFFSTUDY_YN == "Yes")) 

Use the formula Surv(TIME, EVENT) ~ 1 and the survfit() fo Kaplan-Meier estimates of 
probability of survival over time. 

km_fit <- survfit(Surv(Matched3$Weeks,Matched3$OFFSTUDY_YN == "Yes") ~ 1) 

summary of estimates for each time: 

summary(km_fit) 
plot(km_fit) 

overall plot for 11 patients: 
autoplot(km_fit) 

survival curves by treatment (i.e. thank you card assignment): 

km_trt_fit <- survfit(Surv(Matched3$Weeks,Matched3$OFFSTUDY_YN == "Yes") ~ Matched3$THANKYO

UCARD) 

plotting curves by treatment: 

plot(km_trt_fit, xlab = "Time (weeks)", ylab = "Survival probability", conf.int = F, 
     col = c("red", "blue", "black"), las = 1, lwd = 2) 

add legend to plot: 

legend(25,1.05, legend = c("Generic thank you card", "No thank you card", "Personalised tha

nk you card"), 
       lty = 1, lwd = 2, col = c("red", "blue", "black"), bty = "", cex = 0.6) 

To find any sig difference do the LOG-RANK-TEST. Null hypothesis is retention is the same 

survdiff(Surv(Matched3$Weeks,Matched3$OFFSTUDY_YN == "Yes") ~ Matched3$THANKYOUCARD == "No 

thank you card") 

Secondary outcome (Kaplan Meier curve with all patients)___________: 
“OutcomeObserved” and “OffStudy” column codes Yes = 1, N = 0. ___Group 1: patients that 
dropped out due to withdrawal of consent. removing excess variables: 

km_offstudy <-dplyr::select(Matched3, -c("Site.x", "VIS1.CHECKLIST.PRGRS_NOTES_DAT",  "VIS1

.CHECKLIST.PRGRS_NOTES_TXT", 
                                         "Site.y", "EVENT.OFFSTUDY.DEATH_DAT", "EVENT.OFFST

UDY.OTHR_TXT", "Site", 
                                         "REASON", "LAST_VISDATE", "DOB", "TODAY", "AGE", "

GENDER", "ETHNICITY", 
                                         "Days", "RANDOMTIM")) 

renaming, adding column “OutcomeObserved” and OffStudy and rearranging columns: 

km_offstudy %>%  
  rename(EndDate = OFFSTUDY_DAT, WeeksSinceRandomisaton = Weeks) -> km_offstudy 
km_offstudy$OutcomeObserved <- c(as.numeric("1")) 
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km_offstudy <- km_offstudy[, c(1,5,4,6,2,7)] 
km_offstudy$OffStudy <- c(as.numeric("1")) 

___Group 2: patients fully completed and not dropped out (ie we know thank you card 
assignment): 

km_complete <- BaselineRandomisation 

remove patients that are off study (ie those in km_off_study dataframe) 

km_complete <- km_complete[-c(2, 16, 19, 22, 36, 73, 74, 84, 104, 110, 146), ]   

time in trial is less than 52 weeks. So randomisation date to 13thMay2020 < 52: add new 
column with date variable: 

km_complete$Date <- 13052020 

format date variables to correct format: 

km_complete <- transform(km_complete, EndDate = as.Date(as.character(Date), "%d%m%y"))   
strptime(km_complete$RANDOMDAT, format="%d/%m/%Y") -> date3  
parse_date_time(km_complete$EndDate,c('ymd')) -> date4  

calculate number of weeks between randomisation date and 13MAY2020: 

km_complete$WeeksSinceRandomisaton <-as.numeric(difftime(date4,date3),units="weeks") 

merge with BLVisitChecklist to match type of card: 

km_complete <-inner_join(km_complete, BLVisitChecklist, by=c("Subject.ID")) 

remove unwanted variables: 

km_complete <-dplyr::select(km_complete 
, -c("Site.x", "Site.y", "Date", "RANDOMTIM", "VIS1.CHECKLIST.PRGRS_NOTES_DAT", "VIS1.CHECK

LIST.PRGRS_NOTES_TXT")) 

filter for patients that have completed 52 weeks in CLEAR (≥56 weeks to encompass visit 
window): 

km_complete %>% 
  filter(WeeksSinceRandomisaton >= "56") -> km_complete_final  

add “censored” column and fill N, add “OffStudy” and fill N 

km_complete_final$OutcomeObserved <- c(as.numeric("0")) 
km_complete_final$OffStudy <- c(as.numeric("1")) 

Group 3: filter for patients that have not completed 52 weeks in CLEAR (< 56 Weeks). This 
groups needs censored: 

km_complete %>% 
  filter(WeeksSinceRandomisaton < "56") -> km_censored 

add “censored” column and fill Y, “OffStudy” and fill N 

km_censored$OutcomeObserved <- c(as.numeric("0")) 
km_censored$OffStudy <- c(as.numeric("0")) 

Creating one single dataset with the 3 groups: 

km_total <- rbind(km_censored, km_complete_final, km_offstudy) 
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remove patients not participating in SWAT C; 

km_total = km_total[!km_total$THANKYOUCARD == "Not participating in SWAT"   ,] 
km_total = km_total[!km_total$THANKYOUCARD == "-1"  ,] 

Creating the KM plot____: Use Surv() to build the standard survival object: 

km_fit1 <- survfit(Surv(WeeksSinceRandomisaton, OutcomeObserved) ~ 1, 
                   data = km_total, type = "kaplan-meier") 
summary(km_fit1) 

survival curves by thank you card assignment: 

km_fit2 <- survfit(Surv(WeeksSinceRandomisaton, OutcomeObserved) ~ THANKYOUCARD, 
                   data = km_total, type = "kaplan-meier") 
summary(km_fit2) 

export results table: 

km_fit_table <- summary(km_fit2) 
save.df <- as.data.frame(km_fit_table[c("time", "n.risk", "n.event", "surv", "std.err", "lo

wer", "upper")]) 
write.csv(save.df, file = "./km_table.csv") 

fancy plot. Applies log rank test for significance: 

ggsurvplot(km_fit2, data = km_total, risk.table = TRUE, pval = TRUE, pval.method = TRUE, 
           ggtheme = theme_minimal()) 

log rank table 

logrank <- survdiff(Surv(WeeksSinceRandomisaton, OutcomeObserved) ~ THANKYOUCARD, data = km

_total) 
logrank 

 

6 Chapter 6 
6.1 MEDLINE search strategy: 
Search was adapted appropriately for other databases. 
Condition: 

1. Acute hypoxic respiratory failure 
2. Acute hypoxemic respiratory failure 
3. Acute hypoxaemic respiratory failure 
4. Acute hypercapnic respiratory failure 
5. AHRF 
6. Respiratory Distress Syndrome, Adult/ 
7. Acute respiratory failure 
8. ARF 
9. Severe hypoxic respiratory failure 
10. Severe hypoxemic respiratory failure 
11. Severe hypoxaemic respiratory failure 
12. Severe hypercapnic respiratory failure 
13. Severe respiratory failure 
14. Type 1 respiratory failure 
15. Type I respiratory failure 
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16. Type 2 respiratory failure 
17. Type II respiratory failure 
18. Acute pulmonary failure 
19. Pulmonary shock 
20. Respiratory shock 
21. Acute respiratory distress syndrome 
22. ARDS 
23. Acute lung failure 
24. Acute lung injury  
25. ALI 
26. Atelectasis 
27. Respiratory secretions 
28. Mucus plugging 
29. #1 -#28 or #1-#28 

 
and 

 
Intervention (Ventilation & Oxygen): 

30. Invasive ventilation 
31. Invasively ventilated  
32. exp Respiration, Artificial/ 
33. Mechanical ventilation 
34. Mechanically ventilated 
35. Invasive mechanical ventilation 
36. IMV 
37. exp Intubation, Intratracheal/ 
38. Intubated ventilation 
39. Ventilator dependent  
40. Non-invasive ventilation 
41. Non invasive ventilation 
42. NIV 
43. exp Positive-Pressure Respiration/ 
44. exp noninvasive ventilation/ 
45. NIPPV 
46. High flow nasal oxygen 
47. HFNO 
48. High flow nasal therapy 
49. High flow nasal cannula 
50. High flow oxygen therapy 
51. Nasal high flow oxygen therapy 
52. Intensive care unit/ 
53. Intensive care 
54. ICU 
55. Critical care/  
56. Critically ill 
57. #30-#56 or #30-56 
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and 
 
Intervention (Mucoactive): 

58. expectorants/ or acetylcysteine/ or ambroxol/ or bromhexine/ or 
carbocysteine/ or guaifenesin/ or potassium citrate/ 

59. mucolytic* 
60. Mucoactive 
61. Mucokinetic 
62. Mucociliary clearance  
63. S-carboxymethylcysteine 
64. sobrerol 
65. iodinated glycerol 
66. human DNase 
67. RhDNase 
68. exp Deoxyribonucleases/ 
69. Dornase alfa 
70. Pulmozyme 
71. Sodium Chloride/ 
72. NaCl 
73. Saline Solution, Hypertonic/ 
74. HTS 
75. Saline 
76. Sodium bicarbonate/ 
77. Carbocisteine/ 
78. methocarbamol/ 
79. Ammonium chloride 
80. Sodium citrate 
81. Guaiphenesin 
82. Guaifenesin 
83. glyceryl guaiacolate* 
84. Erdosteine 
85. Mecysteine 
86. mannitol/ or mannitol phosphates/ or mitobronitol/ 
87. Mesna/ 
88. 2-Mercapto ethane sodium sulfonate 
89. Potassium dichromate 
90. Guaiacolsulfonate 
91. Guaiacolsulphonate 
92. Sulfoguaiacolum 
93. Tyloxapol 
94. Stepronin 
95. Heparin 
96. #58-#95 or #58-#95 

 
Type of Study: 
97. randomized controlled trial 
98. randomised controlled trial 
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99. RCT 
100. controlled clinical trial 
101. random allocation 
102. double blind* 
103. single blind* 
104. triple blind* 
105. open label* 
106. examiner blind* 
107. outcome blind* 
108. masked 
109. masking 
110. clinical trial* 
111. exp clinical trial/  
112. clinical study* 
113. placebo* 
114. comparative study* 
115. exp evaluation studies/  
116. follow up study* 
117. prospective study* 
118. #97-#117 or #97-#117 

 
Search: 29 and 57 and 96 and 118 
Limit to: Humans and English Language 
 
 
 
6.2 Number of search results according to data source: 
 
ClinicalTrials.gov Register: 27 
Cochrane Central Register of Controlled Trials:  97 
EMBASE:  278 
EU Clinical Trials Register: 36 
Medline: 116 
Opengrey: 0 
WHO Register: 3  
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6.3 Inclusion/Exclusion criteria of eligible trials: 
 

Author and year Age (mean ± SD) Inclusion criteria Exclusion criteria Group differences 

Bandeshe 2016 

Placebo: 59 

Usual care: 62 

Intervention: 57 

(reported as medians) 

Patients aged ≥18 years who had received 

less than 24 hours of invasive 

MVat the time of enrolment and 

commencement of study drug but 

were likely to require invasive MV formore than 

48 hours were eligible 

Exclusions included pregnancy, patients with 

treatment limitations or who were moribund, 

contraindications 

to subcutaneously administered heparin, 

systemic anticoagulation at enrolment and 

previous enrolment in the study. 

There were no significant 

differences in the 

characteristics of the 

study groups. 

Bernard 1997 
Control: 47 ± 4 

Intervention: 43 ± 6 

1) requirement for mechanical ventilation. 2) 

arterial blood gases revealing a partial 

pressure of arterial oxygen to fraction of 

inspired oxygen (PaO2/FlO2) of ≤200mm Hg 

or ≤ 250 is positive end-expiratory pressure 

(PEE) was  ≥ 10 cm H2O. 3) a chest 

radiograph (CXR) revealing bilateral diffuse 

infiltrates consistent with pulmonary edema. 

1) refused to provide informed consent. 2) if an 

etiology mimicking ARDS was suspected (e.g. 

congestive heart failure). 3) younger than 15 or 

18 years (depending on site approval). 4) 

AIDS/HIV positive. 5) received 

immunosuppresive drug or chemotherapy  

within 3 months. 6) history of leukaemia. 7) 

bone marrow or organ transplant. 8) brain 

death. 9) moribund at entry. 10) physician not 

committed to aggressive support. 11) severe 

or acute hepatic dysfunction. 12) pregnant. 13) 

known hypersensitivity to NAC or OTZ. 14) 

participation in another study within past 30 

days. 

Similar at entry in all three 

groups. 
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Dixon 2010 
Control: 55.5 ± 17.0 

Intervention: 56.0 ± 16.5 

Patients were included if, owing to primary 

respiratory failure or other indications, they 

were expected to require invasive mechanical 

ventilation for more than 48 hours. 

They were excluded if they received 

mechanical ventilation for more than 24 hours 

prior to enrollment, required 

mechanical ventilation for more than 48 hours 

in a previous admission to the ICU during the 

current hospital admission, or received any of 

the following at the time of 

screening: high-frequency ventilation, 

extracorporeal membrane oxygenation, nitric 

oxide (NO), renal replacement 

therapy, therapeutic doses of heparin or low 

molecular-weight heparin, warfarin, drotrecogin 

alpha activated, or protamine. Also, they were 

excluded if the physician was not committed to 

full supports or they had a body mass index of 

40 kg/m2 or greater, allergy to heparin 

(including any history of heparin-induced 

thrombocytopenia), a pulmonary hemorrhage 

in the previous 3 months, uncontrolled 

bleeding or a significant bleeding disorder, an 

intracranial hemorrhage in the past 12 months 

(a clipped subarachnoid aneurysm was 

acceptable), or an epidural catheter in place or 

likely to be placed in the next 48 hours or were 

younger than 18 years old. 

The baseline 

characteristics of the two 

groups, including the 

APACHE II (Acute 

Physiology and Chronic 

Health Evaluation II) 

score and the 

proportion of patients with 

respiratory failure or ALI 

and APTT levels, were 

similar. 

Domenighetti 1997 

Control: 52.4 ± 17 

Intervention: 52.1 ± 17.8 

 

All patients met the criteria defined in 1994 by 

the American-European Consensus 

Conference on ARDS:’ acute onset, Paoz/Ftoz 

less than 200 mm Hg regardless of PEEP 

level, bilateral infiltrates on chest radiograph 

and pulmonary wedge pressure (PWP) less 

than 18 mm Hg when measured, or with no 

clinical evidence of left atria1 hypertension if 

not measured. 

Patients younger than 16 years old, pregnant 

women, and immunocompromised patients 

were excluded from the trial. 

Differences between 

patient groups are 

statistically not significant. 
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Jepsen 1992 

Control: 51.5 

Intervention: 50.5 

 

 

The identification of ARDS was essentially 

based on the criteria of Ashbaugh et al. in their 

original description of the syndrome: a) Each 

patient had an underlying disease process 

known to be associated with diffuse alveolar-

capillary lung injury. b) PaO2 was <55 torr 

(<7.3kPa) on room air or the ration of PaO2 to 

FIO2 (PaO2/FIO2) was <250 c) Tracheal 

intubation lasted for 3 to 24 hours. 

Patients who previously had been treated for 

chronic pulmonary, cardiovascular, renal or 

hepatic disease were not included. 

The groups were similar 

with regard to age and 

sex distribution and 

underlying disorder. 

Masoompour 2015 

Control: 50.6 ± 21 

Intervention: 59.7 ± 22 

 

Sedated patients between 15-90 years old, 

intubated on arrival and mechanically 

ventilated for more than 72 hours. 

Exclusion criteria were hemodynamically 

unstable patients, those with tracheostomy 

tubes, organophosphate poisonings, and 

pulmonary edema. 

Apart from the mean 

arterial blood pressure, no 

statistical difference was 

detected between the 

baseline demographics in 

either group (table 1). The 

receiving FIO2 through 

the study in both groups 

did not differ statistically 

(P=0.758). Different 

underlying diseases, 

including chronic 

obstructive pulmonary 

disease, diabetes 

mellitus, ischemic heart 

diseases, and congestive 

heart failure have been 

distributed in both groups 

without any significant 

difference. 
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Moradi 2009 
Control: 49.2 ± 4.5 

Intervention: 48.4 ± 5.5 

Mechanically ventilated patients meeting 

criteria for ALI/ARDS, ALI/ARDS was defined 

according to the criteria established by the 

American–European Consensus Conference 

on ARDS29 (acute onset, PaO2/FiO2 < 300 

mmHg, bilateral infiltrates seen on frontal chest 

radiograph, and pulmonary artery occlusion 

pressure below 18 mmHg). Must also have 

SIRS concomitantly (Systemic Inflammatory 

Response Syndrome: 2 or more of the 

following conditions, temperature > 38 °C or 

<36 °C, heart rate > 90 beats/min, respiratory 

rate > 20/minor PaCO2 < 32 mmHg, WBC > 

12,000 or <4000 cells/mm3 or 10% bands). 

Patients with PaO2/FiO2 > 300, age < 18 

years, hepatic or renal failure not due to septic 

shock and pregnancy were excluded. 

No baseline difference 

between groups 

Ortolani 2000 

Control: 55 ± 13 

Intervention: 57 ± 14 

 

1. required artificial ventilation 2. the ration of 

partial pressure of arterial oxygen (PaO2) to 

the fraction of inspired oxygen (FiO2) was 200 

mmHg, or lower, the value could be as high as 

250 mmHg if the PEEP was 10cmH2O or 

higher 3. pulmonary bilateral infiltrates were 

consistent with pulmonary oedema. 

1. unable to maintain hemodynamic conditions 

allowing optimal conventional resuscitation, 

and with mean arterial pressure persistently 

under 70 mmHg, despite inotropic support 2. 

with severe heart or hepatic disease 3. using 

calcium channel antagonists or angiotensin 

converting enzyme inhibitors 4. using NAC or 

other drugs with antioxidant activity 5. 

underwent septic complications during the trial 

6. developed ARDS more than 24 hours before 

evaluation for enrolment in the study. 

The groups were similar 

with respect to patient 

demographics, diagnostic 

categories and 

comorbidities, age, sex, 

weight, APACHE II, and 

organ failure score. 

Saleh 2017 
Control: 34.8 ± 14.8 

Intervention: 34.3 ± 14.6 

A polytrauma patient is defined as a patient 

who has two or more severe injuries in at least 

two areas of the 

body. ARDS was defined according to Berlin 

criteria by timing (within 1 week of clinical 

insult or onset of respiratory symptoms), 

radiographic changes 

(bilateral opacities not fully explained by 

effusions, consolidation, or atelectasis), origin 

of edema (not fully explained by cardiac failure 

or fluid overload), 

and severity based on the PaO2/FiO2 ratio on 

5 cm of continuous positive airway pressure. 

Any patients with any of the following were 

excluded: died within 24 h of admission, age 

less than 18 years, pregnant females, 

thrombocytopenia defined as less than 50 000 

platelets/mm3, and coagulopathy defined as 

international normalized ratio greater than 1.5. 

No significant differences 

between groups. 
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Suter 1994 
Control: 48.1 ± 21.9 

Intervention: 46.6 ± 19.7 

In order to collect patients with comparable 

lung dysfunction for a pharmacologic treatment 

regimen, we used the expanded defini- tion 

suggested by Murray et al, and only 

considered patients presenting with an initial 

lung injury score (US) between 0.1 and 2.5. 

Patients with cardiogemc pulmonary edema 

and/or chronic heart failure were excluded on 

the basis of medical history, results of clinical 

examination, and the use of a pulmonary 

artery catheter in all unclear situations. The 

following predisposing factors for the 

development of ARDS were considered. 

Sepsis, defined as proposed by Bone, was 

clinical evidence of infection, i.e., respiratory 

rate above 20 cycles/mm or minute ventilation 

over 10 L/min if mechanically ventilated, heart 

rate more than 90 beats/mm, core or rectal 

temperature outside the range of 35.5 degrees 

to 38.0 degrees Celsius, a white blood cell 

count above 12,000 or below 4,000/pi or 20 

percent or more immature cells plus evidence 

of altered organ perfusion (le, acute change in 

mental status, PaO,/FIo,less than 280, plasma 

lactate concentration greater than upper limit 

of normal, and urine output below 0.5 mI/kg of 

body weight for at least 1 h). Multiple trauma 

included patients with multiple major fractures 

(two or more major long bones or unstable 

pelvic fracture) associated with trauma to 

another region of the body such as 

craniocerebral or abdominal, requiring surgical 

intervention. Aspiration was defined as recent 

(during the previous 6 h) inhalation of gastric 

contents, documented by suctioning of gastric 

material from the bronchial tree or by fiberoptic 

bronchoscopy showing typical mucosal 

lesions. Necrotizing pancreatitis was seen as 

severe abdominal pain, vomiting, increased 

1. Younger than 16 years 2. Pregnant women 

3. Immunocompromised 4. Severe lung injury 

(LIS > 2.5) 5. Cardiogenic pulmonary oedema 

and/or chronic heart failure. 

Differences between the 

two patient groups are 

statistically not significant. 
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serum amylase levels, circulatory shock, and a 

Ranson score of 3 or above. Hemorrhagic 

shock was defined as requiring administration 

of more than 20 U of blood within 24 h. Near 

drowning was defined as an immersion 

accident requiring endotracheal intubation. 

Van Meenen 2018 

 

Control: 66 

Intervention: 65 

(Median values reported) 

 

The trial enrolled patients receiving invasive 

ventilation that started shortly before 

admission to or in the ICU of a participating 

hospital and who were expected to not be 

extubated within 24 hours after randomization. 

Exclusion criteria were age younger than 18 

years; pregnancy; ventilation lasting more than 

24 hours before randomization; previous 

invasive ventilation in another ICU; a known 

allergy to acetylcysteine or salbutamol; a 

medical history mandating use of mucolytics or 

bronchodilators; expected need for long-term 

ventilation because of a known neuromuscular 

disease or suspected complete spinal cord 

lesions; patients receiving palliative care only; 

or previously included in this trial. 

Baseline characteristics 

were well balanced 

between the 

randomization groups. 

YongJun 2014 
Control: 57 ± 8 

Intervention: 58 ± 12 

According to the 2011 ARDS Berlin Diagnostic 

Criteria: 1 time: after a known cause, or within 

a week after the emergence of new or existing 

respiratory symptoms; 2 imaging changes: 

reduced lung transmittance, and can not be 

complete Interpretation with pleural effusion, 

atelectasis or nodules; 3 Causes of pulmonary 

edema: respiratory failure that cannot be 

explained by heart failure or excessive fluid 

load; 4 oxygenation status: mild: positive end-

expiratory Pressure,PEEP)/ Continuous 

positive airway pressure (CPAP)≥5cmH2O (1 

cmH2O = 0.098 kPa) 200 mmHg (1 mmHg = 

0.133 kPa) < Oxygenation index ≤ 300 mmHg, 

moderate: PEEP /CPAP ≥ 5 cmH2O 100 

mmHg < oxygenation index ≤ 200 mmHg, 

severity: PEEP / CPAP ≥ 5 cmH2O 

oxygenation index ≤ 100 mmHg. 

1 patients with advanced tumor; 2 

immunosuppressed patients, patients with 

blood diseases; 3 original respiratory diseases 

or severe pulmonary infection; 4 ambroxol 

allergic. 

Baseline characteristics 

are similar for both 

groups. 

Zaytoun 2017 
Control: 41.87 ± 16.44 

Intervention: 41.30 ± 14.13 

Both genders meeting the criteria of ARDS 

according to Berlin's definition. 
Not reported. 

There was no statistically 

significant difference 

between the two studied 

groups regarding age, sex 
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and APACHE II score on 

admission. 
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6.4 List of excluded studies after full text review: 
 
Wrong patient population: 

1. Asfar, Pierre, Frédérique Schortgen, Julie Boisramé-Helms, Julien Charpentier, Emmanuel 
Guérot, Bruno Megarbane, David Grimaldi et al. "Hyperoxia and hypertonic saline in patients 
with septic shock (HYPERS2S): a two-by-two factorial, multicentre, randomised, clinical 
trial." The Lancet Respiratory Medicine 5, no. 3 (2017): 180-190. 

 
2. Baranwal, Arun K., Aparna S. Murthy, and Sunit C. Singhi. "High-dose oral ambroxol for early 

treatment of pulmonary acute respiratory distress syndrome: an exploratory, randomized, 
controlled pilot trial." Journal of tropical pediatrics 61, no. 5 (2015): 339-350. 

 
3. Bastin, Anthony J., Anna L. Lagan, Sharon Mumby, Gregory J. Quinlan, and Mark JD 

Griffiths. "Effect Of N-acetylcysteine In Preventing Inflammation After Lung Resection And 
One-Lung Ventilation. A Randomised Controlled Trial." In D42. INTERVENTIONAL 
PULMONOLOGY AND THORACIC SURGERY, pp. A5860-A5860. American Thoracic 
Society, 2010. 

 
4. Jepsen, S., Klaerke, A., Nielsen, P. H., Nielsen, S. T., & Simonsen, O. (1989). Systemic 

administration of N–acetylcysteine has no effect on postoperative lung function following 
elective upper laparotomy in lung healthy patients. Acta anaesthesiologica 
scandinavica, 33(3), 219-222. 

 
5. KIM, J. C., HONG, S. W., SHIM, J. K., YOO, K. J., CHUN, D. H., & KWAK, Y. L. (2011). 

Effect of N-acetylcystein on pulmonary function in patients undergoing off-pump coronary 
artery bypass surgery. Acta anaesthesiologica scandinavica, 55(4), 452-459. 

 
6. Li, Q., Yao, G., & Zhu, X. (2012). High-dose ambroxol reduces pulmonary complications in 

patients with acute cervical spinal cord injury after surgery. Neurocritical care, 16(2), 267-272. 

 
7. Miller, A. C., Rivero, A., Ziad, S., Smith, D. J., & Elamin, E. M. (2009). Influence of nebulized 

unfractionated heparin and N-acetylcysteine in acute lung injury after smoke inhalation 
injury. Journal of burn care & research, 30(2), 249-256. 

 
8. Refai, M., Brunelli, A., Xiumé, F., Salati, M., Sciarra, V., Socci, L., ... & Sabbatini, A. (2009). 

Short-term perioperative treatment with ambroxol reduces pulmonary complications and 
hospital costs after pulmonary lobectomy: a randomized trial. European journal of cardio-
thoracic surgery, 35(3), 469-473. 

 
9. Sayiner, A., Aytemur, Z. A., Baysak, A., & Ozdemir, O. (2011). N-acetylcysteine in 

exacerbations of chronic obstrutive pulmonary disease associated with increased sputum. 
In B47. COPD EXACERBATIONS: MISCELLANEOUS (pp. A3123-A3123). American 
Thoracic Society. 

 
10. Spapen, H., Zhang, H., Demanet, C., Vleminckx, W., Vincent, J. L., & Huyghens, L. (1998). 

Does N-acetyl-L-cysteine influence cytokine response during early human septic 
shock?. Chest, 113(6), 1616-1624. 
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11. Youness, H. A., Mathews, K., Elya, M. K., Kinasewitz, G. T., & Keddissi, J. I. (2012). Dornase 
alpha compared to hypertonic saline for lung atelectasis in critically ill patients. Journal of 
aerosol medicine and pulmonary drug delivery, 25(6), 342-348. 

 
12. Zandstra, D. F., Stoutenbeek, C. P., & Miranda, D. R. (1985). Effect of mucolytic and 

bronchodilator aerosol therapy on airway resistance in mechanically ventilated 
patients. Intensive care medicine, 11(6), 316-318. 

 
13. Zitter, J. N., Maldjian, P., Brimacombe, M., & Fennelly, K. P. (2013). Inhaled Dornase alfa 

(Pulmozyme) as a noninvasive treatment of atelectasis in mechanically ventilated 
patients. Journal of critical care, 28(2), 218-e1. 

 
 
No relevant outcomes: 

1. Chan, Hak-Kim, Dorrilyn Rajbhandari, Patricia Tang, John D. Brannan, and Paul Phipps. 
"Safety of administering dry powder mannitol to stimulate sputum clearance in intubated 
intensive care patients with sputum retention: a pilot study." In B105. Devices and Monitoring 
in the Intensive Care Unit, pp. A6809-A6809. American Thoracic Society, 2012. 

 
2. Konrad, F., Schreiber, T., Haehnel, J., Kilian, J., & Georgieff, M. (1994). The effect of 

theophylline on the mucociliary clearance function in ventilated intensive care patients. Der 
Anaesthesist, 43(2), 101-106. 

 
3. Konrad, F., Schoenberg, M. H., WIEDMANN, W., Kilian, J., & Georgieff, M. (1995). THE USE 

OF N-ACETYLCYSTEINE AS AN ANTIOXIDANT AND MUCOLYTIC AGENT IN 
VENTILATED PATIENTS-A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED 
STUDY. ANAESTHESIST, 44(9), 651-658. 

 
4. Sadegh Soltan-Sharifi, M., Mojtahedzadeh, M., Najafi, A., Reza Khajavi, M., Reza Rouini, M., 

Moradi, M., ... & Abdollahi, M. (2007). Improvement by N-acetylcysteine of acute respiratory 
distress syndrome through increasing intracellular glutathione, and extracellular thiol 
molecules and anti-oxidant power: evidence for underlying toxicological mechanisms. Human 
& experimental toxicology, 26(9), 697-703. 

 
5. Zhang, C., Luo, H., Zhang, S., & Zhang, W. X. (2010). Effect of high dose ambroxol on the 

time of weaning from mechanical ventilation of patients with ARDS in ICU. Proc Clin 
Med, 19(5B), 578-581. 

 
 
Wrong intervention: 

1. Frass, Michael, Christoph Dielacher, Manfred Linkesch, Christian Endler, Ilse Muchitsch, 
Ernst Schuster, and Alan Kaye. "Influence of potassium dichromate on tracheal secretions in 
critically ill patients." Chest 127, no. 3 (2005): 936-941. 

 
Wrong comparator: 

1. Comparison of Different Mucoactive Agents for the Care of the Intubated Patient in a Surgical 
Trauma Intensive Care Unit. ClinicalTrials.gov Identifier: NCT00131521 

 
2. N-Acetyl-cysteine in Early Acute Respiratory Distress Syndrome (NARDS). ClinicalTrials.gov 

Identifier: NCT03346681. 
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Duplicate: 

1. Konrad, F., Schreiber, T., Haehnel, J., Kilian, J., & Georgieff, M. (1994). The effect of 
theophylline on the mucociliary clearance function in ventilated intensive care patients. Der 
Anaesthesist, 43(2), 101-106. 

 
2. Konrad, F., Schoenberg, M. H., WIEDMANN, W., Kilian, J., & Georgieff, M. (1995). THE USE 

OF N-ACETYLCYSTEINE AS AN ANTIOXIDANT AND MUCOLYTIC AGENT IN 
VENTILATED PATIENTS-A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED 
STUDY. ANAESTHESIST, 44(9), 651-658. 

 
3. Zitter, J. N., Maldjian, P., Brimacombe, M., & Fennelly, K. P. (2013). Inhaled Dornase alfa 

(Pulmozyme) as a noninvasive treatment of atelectasis in mechanically ventilated 
patients. Journal of critical care, 28(2), 218-e1. 

 
4. Impact of Nebulized Dornase Alpha on Mechanically Ventilated Patients. ClinicalTrials.gov 

Identifier: NCT01095276. 

 
 
 
Wrong indication: 

1. Krenn, K., Croize, A., Klein, K. U., Böhme, S., Markstaller, K., Ullrich, R., ... & Fischer, B. 
(2014). Oral inhalation of AP301 peptide activates pulmonary oedema clearance: initial 
results from a phase IIa clinical trial in mechanically ventilated ICU patients. European 
Respiratory Journal, 44(Suppl 58), 1386. 

 
2. Krenn, K., Lucas, R., Croizé, A., Boehme, S., Klein, K. U., Hermann, R., ... & Ullrich, R. 

(2017). Inhaled AP301 for treatment of pulmonary edema in mechanically ventilated patients 
with acute respiratory distress syndrome: a phase IIa randomized placebo-controlled 
trial. Critical Care, 21(1), 194. 

 
6.5 Deviations between this review and protocol: 
We acknowledge the following differences between the PROSPERO review protocol and this 
report: 

1. This analysis included two studies where not all patients were fully ventilated at the 
beginning of the trial (Domenighetti et al.; 1997 Suter et al., 1994). After discussion, 
these trials were considered eligible for this review as current clinical practice such 
patients would be highly likely to be receiving HFNO before ventilation. 

2. As a limited number of trials were found we expanded to include trials of any language 
eligible during the full text screening stage of the review.  To facilitate this, we had 
access to translation of texts.  

3. The authors of the NEBULAE trial (Meenen et al., 2018) regarded their standard care 
for the trial as routine nebulisation of mucoactive and their intervention as on demand 
nebulisation. For this review we decided that their intervention (on demand 
nebulisation) would be more suitable when assigned as standard care. We therefor 
switched these groups as described in our review. However, we appreciate that our 
approach to assign routine nebulisation as intervention group is in fact standard care 
in many centres in the Netherlands. 
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4. One trial (Masoompour et al., 2015) stated an age range of 15-90 years in their 
eligibility criteria We decided to include this trial as the mean ages of participants were 
59.7±22 and 50.6±21 in the two groups. 

5. Covidence was used for all screening and extraction of records rather than the use of 
standardised screening/data extraction forms. 

6. Risk of bias was assessed separately for the blinding of participants and the blinding 
of personnel, rather than together.  

 
 
6.6 Explanation for observed Risk of Bias differences for included trials between this 

review and Tarrant 2019 review: 
 

• For Bandeshe, we assessed incomplete outcome data (attrition bias) as low, as all 
patients were accounted for in Tables 1, 3, 4 and 5 of their paper. Tarrant assessed 
this as high. 

• For Dixon, our risk of bias assessment is the same as per the Tarrant review. 
• For Masoompour, we assessed risk of bias for random sequence generation and 

allocation concealment as high as their methodology was: “For this purpose, 40 
cards were placed in a closed box, each having “case” or “control” written on it. Prior 
to the study, a card was pulled out of the box and a patient was labelled as the case 
or control.” This is high as it is not securely concealed nor is the sequence randomly 
generated. Tarrant assessed this as low. We also assessed selective reporting 
(reporting bias) as low as they reported their said outcomes of respiratory secretion, 
plateau and peak airway pressures, and O2 saturation at baseline, 12 and 24 hours 
later in Table 2 and Figure 2. Tarrant assessed this as unclear. 

• For Saleh, we assessed random sequence generation (selection bias) as unclear as 
the paper only states, “Following enrolment, patients were randomly divided into two 
groups” and makes no further elaboration. Tarrant assessed this as low. 

 
 


