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 Trial Summary 
 

Title:  To determine the optimum series of investigations to diagnose asthma in  

Short title:   RADicA (Rapid Access Diagnostics for Asthma) 

Primary objectives:  

1. Determine the optimum diagnostic pathway for asthma based on 
conventional tests of large airway function and novel tests of small 
airway function 

2. Determine the optimum diagnostic pathway for “steroid-responsive 
airways disease” based on conventional tests of large airway function 
and novel tests of small airway function  

Secondary objectives:  
 

1. Evaluate the accuracy of the National Institute for Health and Care 
Excellence (NICE) asthma diagnostic algorithms. 

2. Identify the best predictor(s) response to inhaled corticosteroids (ICS, 
at 6-14-weeks) from measurements taken at baseline and/or early 
treatment (1-3 weeks) 

3. In healthy volunteers, establish reference intervals and calculate 
repeatability coefficients for MBW, and AOS where there is a lack of 
evidence on what threshold constitutes a ‘normal’ set of values 

4. In healthy volunteers, establish reference values and calculate 
repeatability coefficients for PExA and VOC, where there is a lack of 
evidence on what threshold constitutes a ‘normal’ set of values. 

5. Identify the profile of biomarkers in volatile organic compounds 
(VOCs), and particles in exhaled air (PExA) which best predict asthma 
diagnosis. 

6. Evaluate whether markers of immune cell activation predict asthma 
and predict response to treatment.  

7. To collect samples to evaluate the predictive capacity of upper 
respiratory viral biomarkers 

8. Identify what proportion of subjects in different age brackets (3-5 
years, 5-8 years, 9-11 years, 12-15 years and age 16 years +) are able 
to complete each of the tests to a satisfactory standard 

9. Explore the acceptability of the lung physiology tests completed in the 
study visits  

10. Determine the optimum diagnostic pathway based on conventional 
tests of large airway function and novel tests of small airway function 
in a) adults and older children (≥12 yrs) and b) younger children (<12 
yrs) 

11. To evaluate the feasibility of using the Ventica System to measure 
tidal breathing at home in healthy and symptomatic children aged 3 – 
12 years, and if possible to establish some normal values in healthy 
children. 
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12. To evaluate the feasibility of using the Inflammacheck device in 
healthy and symptomatic children aged ≤ 18 years, and if possible to 
establish some normal values in healthy children 

13. To evaluate the diurnal pattern of symptom variations in asthma 
diagnosis. 

14. To review mid to long term effect of asthma symptoms on 
participants and assess management of this primary and/or 
secondary care. 

15. To evaluate the feasibility of using home-based spirometry and 
fractional exhaled nitric oxide (FeNO) for asthma diagnosis in adults.  

16. To identify patients’ views on perceived benefits, burdens and 
potential barriers of using home-based spirometry and FeNO for 
asthma diagnosis.  

 
 
Type of trial:   Clinical study to determine appropriate diagnostic tests, open label 

Trial participants: Patients with symptoms consistent with asthma, not currently receiving 
regular treatment with inhaled corticosteroids will be recruited from primary 
care or secondary care. Healthy volunteers for healthy control arm. 

Planned sample size: up to 400 who have completed all core visits plus additional healthy controls   

Trial design and methods: The study will use a prospective cohort design. Participants with one or more 
symptoms in keeping with asthma (i.e. cough, wheeze, chest tightness and 
breathlessness), not currently receiving inhaled corticosteroid treatment, will 
be recruited. Participants will undergo 4 core visits and up to 3 optional visits; 
If participants opt in for the participation of optional two-week home 
monitoring, participant will undergo less core visits. At these visits a series of 
standard and novel lung function tests will be performed, and tissue sample 
collected, before and following 1 to 3 weeks (optional early follow up) and 4 
to 14 weeks (late follow up) of standard asthma treatment. In addition, we 
will recruit healthy controls of a similar age/gender range as our symptomatic 
participants to attend two visits to collect data on normal ranges and 
reproducibility of the novel tests 

Planned trial sites: The Manchester University NHS Foundation Trust (Wythenshawe site) will 
house the asthma diagnostic centre. General practitioners, walk-in centres 
from the local area, secondary care centres (Greater Manchester and 
Cheshire) will refer patients for inclusion in the study.  
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 Background, Rationale, Risks and Benefits 

  Background/Rationale 
There is currently no single ‘gold standard’ test to confirm (or refute) a diagnosis of asthma. Asthma has 
largely been a clinical diagnosis based on a characteristic pattern of symptoms and signs in the absence of 
an alternative explanation. The British asthma management guidelines (British Thoracic Society/Scottish 
Intercollegiate Guideline Network) have been widely accepted and used throughout the United Kingdom1. 
These guidelines advocate a trial of treatment for patients suspected of having asthma at clinical 
assessment; patients who respond to treatment are then formally diagnosed with asthma. In a Canadian 
study of a large cohort of adults with a recent diagnosis of asthma, careful re-evaluation ruled-out the 
diagnosis of asthma in one third.2 This likely reflects a combination of asthma remission and over diagnosis, 
but in 2% of the population an alternative serious cardiorespiratory condition was diagnosed.  The 
European Asthma Research and Innovation Partnership (EARIP) recently identified improving the diagnosis 
of asthma in their 15 key research priorities.3 Due to concerns about the over- 2 and under-diagnosis4 of 
asthma, UK experts have recently developed comprehensive guidance on the diagnosis of asthma 
incorporating objective tests, on behalf of the National Institute of Health and Care Excellence (NICE).5 The 
algorithm incorporates the sequential use of five measures of lung function and inflammation, each applied 
as a dichotomous variable: (1) Spirometry, (FEV1/FVC); (2) bronchodilator reversibility (BDR); (3) fractional 
exhaled nitric oxide (FeNO); (4) peak flow variability (PEFv)  and (5) bronchial hyperresponsiveness testing 
(BHR) to methacholine or histamine.  A minimum of two tests must be positive to confirm the asthma 
diagnosis. In children, only the first four tests are included in the algorithm. Much of the existing evidence 
for the use of individual tests has been collected in adults, with a paucity of data from children. 
Furthermore, most of these tests require the patient to perform a forced expiratory manoeuvre (to take a 
deep breath in then breathe out as hard as they can). Many children (and some adults) are unable to follow 
the instructions and so cannot complete the test to a satisfactory standard. This needs to be considered 
when a new algorithm is developed, and we will report this as a secondary objective of the current study. 
Individually, these tests have sensitivity in the region of 50% with a specificity ranging from 72-87% (in 
children). Although it is widely recognised that false positive or false negative results of diagnostic tests will 
have important consequences in patient management, the accuracy of these tests, in this specific sequence, 
for diagnosing asthma remains unknown, and the impact on patient care has not been tested prospectively. 
A series of similar diagnostic workups using BDR, PEFv, mannitol and methacholine have previously been 
shown to have either poor sensitivity or specificity in diagnosing asthma, when compared to a diagnosis 
made by a panel of experts.6 We have recently demonstrated that in a population of adolescents the 
proposed algorithm performs poorly in diagnosing asthma when compared to current clinical practice.7 
Therefore there is an urgent clinical need to test the proposed diagnostic algorithm to understand the 
impact on patient care currently and to identify whether it can be improved by comparing alternative 
sequences of tests and/or alternative thresholds for positive tests to optimise asthma diagnosis now - a 
new ‘gold standard’.   
 
In addition, the published diagnostic algorithm only focuses on tests of large airways, whereas 
abnormalities in the small airways are known to contribute to the clinical expression of asthma. Tests to 
measure small airway function were first designed in the 1960s and include multiple breath washout (MBW, 
which is a technique that allows assessment of ventilation heterogeneity) and airwave oscillometry (AOS, 
which measures peripheral airway resistance).8,9 These tests may be more sensitive in detecting early 
changes in lung function than spirometry and devices for these measurements are commercially available. 
Despite multiple efforts, normative ranges in adults for airwave oscillometric parameters are yet to be 
established.10 Moreover, assessment in a symptomatic untreated population is required to measure their 
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accuracy in asthma diagnosis. It is likely that these tests of small airway function will show better sensitivity 
and specificity than lung function tests currently used in clinical practice and included in the NICE algorithm, 
and it is necessary to identify their role in the diagnostic workup for asthma both in adults and children. 
Furthermore, an early predictor of response to inhaled corticosteroids would be valuable as this would 
shorten the duration of trials of treatment.  
 
Advances in technology now allow for small airway biomarkers in exhaled breath to be measured non-
invasively. Particles in Exhaled Air (PExA©), combines breathing manoeuvres with sophisticated analysis 
instrumentation to collect biological samples from the small airways.11 Deep breathing opens the small 
airways and aerosolises the airway lining fluid, releasing microscopic particles, which are subsequently 
exhaled for collection and analysis. The PExA© device collects exhaled particles on a substrate and provides 
real time feedback on particle counts. The substrate can also be removed for further lipid and 
protein content analysis using mass spectrometry. Preliminary results have shown differences in exhaled 
particle numbers and protein profiles between people with small airway disease and those without.12,13 
Volatile organic compounds (VOCs- the product of metabolic processes occurring in the airways), and non-
volatile proteins and lipids can be measured in breath and providing potential novel biomarkers for 
inflammatory airways disease. We have developed a validated method for the collection of breath for the 
capture and analysis of exhaled VOCs and demonstrated that we can sample safely and reliably in patients 
with respiratory disease. We and others have shown that markers of oxidative stress are raised in people 
with asthma compared to healthy controls.14-16  PExA and VOCs could potentially provide a range of 
biomarkers that will revolutionise asthma diagnosis, but testing in heathy populations is required to 
establish normal ranges, followed by testing in asymptomatic untreated populations to further develop 
knowledge of specific patterns in disease. As such, these tests are experimental and some way off use in 
the clinic. 
 
In both these techniques for measuring biomarkers (PExA and VOCs) the breath is collected and then 
analysed separately in a lab using complex expensive machinery and the results can take a long time to get 
back. Some new devices now offer the possibility of bedside measurement of a small number of specific 
chemicals with virtually instantaneous results. These offer the potential to bring such tests into an asthma 
clinic very rapidly, should they prove useful in asthma diagnosis, as a point of care test. The 
Inflammacheck™ is just such a device. It is a hand-held device that collects exhaled breath, by tidal 
breathing into a mouthpiece for about 90 seconds; it has been used successfully in adult studies, but its use 
in children has not been explored. This device measures five different biomarkers; hydrogen peroxide, 
carbon dioxide, exhaled breath flow, exhaled breath temperature and exhaled breath relative humidity, 
with the results available within a minute or two. Studies in mostly adults have shown higher values of 
hydrogen peroxide in those with established asthma compared to healthy people, but how this could be 
used in asthma diagnosis and children remains unclear. 
 
One of the main problems in young children when making the diagnosis of asthma is that many of the 
establish tests used are difficult for children to perform; many require a forced manoeuvre. It is suggested 
that measures of tidal breathing may therefore be better in children. Clinical studies have, however, almost 
unanimously used the direct measurement of airflow from the mouth (pneumotachograph with face mask 
or mouthpiece). The use of a face mask or mouthpiece is known to change breathing style reducing the 
clinical accuracy of the derived indices and it also seriously limits the duration and location of measurement. 
These limitations have led to the development of an impedance pneumography (IP) technique for 
respiratory flow profile assessment17 using only skin electrodes and no direct mouth flow access. The 
Ventica® System is based on IP, where changes in lung volume are derived from changes in the electrical 
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conductivity of lung tissues, collected by wearing 4 small skin electrodes during sleep. The Ventica® 
System’s proprietary algorithms convert dynamic impedance signals into tidal breathing flow-volume 
curves18  and result in an expiratory variability index (EVI) measure. This measure has been shown in young 
children (1-5 years) to be both reduced in wheezy children compared with healthy controls and to improve 
in wheezy children treated with inhaled corticosteroids (ICS) 19,20. Data are not available for older children. 
 
Asthma is a highly variable disease with marked diurnal variability in symptoms and airflow obstruction, 
with up to 74% of asthma patients report worsening symptoms during night or early morning21. Sleep 
disturbance due to nocturnal symptoms is common and is rated as the most important subjective marker 
for poor asthma control22. However, self-reported diurnal variation in symptoms alone has poor 
discriminative ability in asthma diagnosis1. Chronotypes (diurnal preferences for activity and sleep) 
influences asthma risks, nocturnal symptoms23 and may impact on the diurnal patterns observed. Yet no 
studies to date evaluated the discriminative ability of diurnal pattern of symptoms in asthma diagnosis, 
with adjustment to chronotypes. Chronotypes can be determined by validated questionnaires including the 
validated 19-item Morningness-Eveningness Questionnaire (MEQ) (age 18-32 years) 24. MEQ has also been 
adapted for children and adolescents (MEQ-CA) who are between the age of 12-20 years and is the most 
validated questionnaire to determine circadian preferences in this age group.25 The 27-item, parentally-
reported Children’s Chronotype Questionnaires (CCTQ) has been previously validated in pre-pubertal 
children (aged 4-11 years)26-29. In addition to peak flow, almost all asthma diagnostic tests (including 
spirometry and FeNO) demonstrate same-day variations30. Importantly, these variations straddle the fixed 
diagnostic cut off values30-32. Hand-held spirometry and FeNO for domiciliary use are feasible 33,34 and will 
allow the measurement of variability throughout the day, but their role and feasibility in asthma diagnostic 
setting is unclear.   
In addition to the identified gap in knowledge regarding asthma diagnosis, there is also a lack of 
understanding of the underlying inflammatory processes in asthma patients. Further analysis of 
inflammatory cells present in the blood and lungs of early asthma patients could be vital to improve and 
refine asthma diagnosis, endotyping, and development of targeted treatments. Use of multi-parameter 
flow cytometry (BD Fortessa, 16+ parameters), mass cytometry (Helios CyTOF, 40 parameters), imaging 
flow cytometry (Imagestream) and FACS isolation of defined cell populations (BD Influx) will enable us to 
generate a state-of-the art understanding of the proportions and activation status of specific immune cell 
types in PBMCs, sputum and BAL from early asthma patients.  This information has the potential to generate 
a high-resolution picture of how early asthma modulates the activation and function of the key 
inflammatory cells.  Previously it has been shown that murine dendritic cell (DC) ability to promote allergic 
inflammation is controlled by methyl-CpG-binding protein Mbd2.35 This experimental research will aim to 
define expression of Mbd2, and genes under the control of Mbd2, in DC subsets sampled from blood, 
sputum and BAL of early asthma patients. It has previously been shown that one of the major genes 
regulated in murine DCs by Mbd2 is CCL1735. The precise function of CCL17 in human allergic disease as 
well as the identity of the key human cellular sources of/responders to this chemokine are currently 
unclear. By delineating human inflammatory cell expression of Mbd2, CCL17 and its receptor CCR4 in 
PBMCs, sputum and BAL during asthma we will aim to determine how this relates to DC subset activation 
and function in early disease. 
 
The human virome encompasses all of the viruses found on or in the human body.36 It is well documented 
that asthma attacks almost always follow upper respiratory virus infections. Viruses are also present at the 
initiation of asthma, as an episode of viral wheeze; furthermore, repeated episodes make asthma persist. 
It seems that patients with asthma have an immune defect in detecting and killing respiratory viruses.37 
Our preliminary data show that the respiratory virome (the viral microbiome) is considerably different 
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between healthy children and children with asthma.37 In fact, the virome appears to be most different in 
patients who have symptoms, rather than those who have controlled disease. We think that changes in the 
make-up of the virome composition may reflect symptoms of asthma. If this proves to be true, and the 
changes in the virome happen first, we may be able to predict when asthma symptoms will appear or get 
worse, based on virome 'snapshots', giving us the opportunity to intervene before patients get too sick. It 
is therefore important to study the virome in asthma, both in terms of pathophysiology and prognostic 
potential. 
 
 
Other markers that have been demonstrated in asthma patients and may have a role in asthma diagnosis 
include chitinases and chitinase-like proteins (CLPs). CLPs are a family of molecules associated with 
inflammation and structural lung changes in asthmatic patients. YKL-40 is the best studied example of a CLP 
that is increased in the serum, BAL and sputum of asthmatics, with YKL-40 levels higher in patients with 
severe disease and greater oral corticosteroid use.38. Whilst CLPs may be potential biomarkers of certain 
asthma endotypes, murine models have shown that both chitinases and CLPs are also important drivers of 
allergic airway inflammation.39 Therefore, we aim to examine the expression of chitinases and CLPs in 
asthmatic patients alongside in-depth analysis of PBMC, sputum and BAL inflammatory phenotypes to 
determine how chitinase and CLP expression relates to different immune cells and whether their expression 
during early asthma can predict patient responses to treatments. 
  
The University of Manchester and partner NHS Trusts recently received a Biomedical Research Centre (BRC) 
award from the National Institute for Health Research (NIHR). One aspect of the successful bid was to set 
up the Rapid Access Diagnostic for Asthma (RADicA) study to determine the optimum series of 
investigations to diagnose asthma in adults and children. Patients with asthma symptoms will be referred 
from primary and secondary care into the RADicA study to undergo a series of standard lung function tests, 
tests of small airway function and novel tests of biomarkers of small airway inflammation, before and after 
commencing treatment with inhaled corticosteroids. The overarching objective of the RADicA project is to 
provide data that can inform the development of diagnostic pathways for asthma in children and adults. 
This will include existing lung function tests (Spirometry, BDR, FeNO, PEFv, BHR), emerging tests of small 
airway function and airway variability (MBW, AOS and IP (Ventica®)) and more exploratory tests of 
biomarkers of small airway inflammation (PExA, Inflammacheck™ and VOC) to optimise diagnostic 
pathways for adults and children with asthma. In addition, we will report the proportions of subjects in 
each age bracket (3-8 years, 9-11 years, 12-15 years, and 16 years +) who are unable to complete each test 
to a satisfactory standard. We will also test the feasibility and investigate patient acceptability of home-
based spirometry and FeNO in asthma diagnosis. Secondary experimental objectives include the 
measurement of proteins and cells in blood and sputum (where available and dependent upon securing 
additional funding) and in BAL is a subgroup of patients who undergo bronchoscopy to gain novel insights 
into inflammatory processes in asthma development.   We have chosen to study this symptomatic 
population in whom there is diagnostic uncertainty in line with recommendations of the European 
Medicines Agency Guideline40 on clinical evaluation of diagnostic agent; our recruitment strategy aims to 
mirror the population in whom the algorithm is intended in clinical practice. 
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 Risk and benefits 
 

 Potential Risks and Benefits 
 

Summary of risks (core visits) 
• Methacholine challenge - severe bronchoconstriction  

• Fainting during blood tests 

• Local/systemic response to skin-prick testing 

• Following use of ICS – oral thrush, hoarse voice 

 

Summary of risks (optional visits) 

• Severe bronchoconstriction during mannitol challenge 

• Bronchoscopy – pyrexia, infection, pneumothorax, haemoptysis, sedation risk 

 

Summary of benefits (core +/- optional visits) 
• Patients will benefit from a prompt and comprehensive assessment of lung function and diagnosis 

from respiratory specialists 

• GPs will benefit from the option to refer patients for advanced respiratory and diagnostic 
assessment (including tests within the NICE algorithm which are not currently available in primary 
care), with rapid access to the research clinic 

• Data will inform policies and guideline on asthma diagnosis in the future 

• Healthy control data will contribute to future reference ranges for tests of small airway function 

 

 Trial Risk Category 
The core visits of this trial is categorised as Type A = No higher than the risk of standard medical care.  

For the subgroup of patients who undergo bronchoscopy this visit would also be categorised as type A 
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 Trial Objectives/Design and Outcome measures 

 Trial Short Description 
The study will use a prospective cohort design. Participants with one or more symptom suggestive of 
asthma (i.e., cough, wheeze, chest tightness and breathlessness), not currently receiving inhaled 
corticosteroid treatment, (or who has not been taking regular ICS for at least 2 weeks) and has not received 
systemic corticosteroids for at least 4 weeks will be recruited. Participants will either undergo 4 core visits 
and up to 3 optional visits (section 5.2) or 3-4 core visits with two week home-based testing, whiciever the 
patients prefer.  
 
At Visit 1, following written informed consent, the participant will be thoroughly evaluated (clinical history 
and examination) following a structured proforma.  
 
Participants in whom asthma is deemed low probability and in whom an alternative diagnosis is suspected 
(e.g. pneumonia) would be discussed with the supervising consultant or nominated deputy and would be 
withdrawn from the study and referred back to their GP to be evaluated further (GP letter 2). If appropriate 
due to clinical urgency and/or severity direct referral to a general respiratory clinic or on call team at 
Wythenshawe hospital or local clinic would be arranged.  
 
Provided no alternative diagnosis is suspected to be more likely than asthma as the cause of their 
respiratory symptoms, they will continue in the study. At the end of the core visit 1, participants will choose 
either to undergo a series of standard and novel lung function tests before starting standard asthma 
treatment with inhaled corticosteroids for 4-8 weeks (up to 14 weeks) or to participate in home-based 
testing (≥16yrs).  
 
For participants who continue with the clinic-based testing, they will attend for follow up visit at 4-8 weeks 
(up to 14 weeks) after starting treatment and repeat the standard and novel lung function tests, as well as 
questionnaires and blood tests, to assess subjective and objective response to inhaled corticosteroids 
(section 5.2). A follow up contact will be made 12-48 months after completing the first 3 core visits, this 
will involve the participants completing a questionnaire regarding any ongoing symptoms, any changes in 
treatment and any new diagnosis received. 
 
For participants who choose to undergo home-based testing, they will only attend CV1 and CV2 unless the 
diagnosis remains uncertain, in which case they will initiate a trial of treatment and attend CV3, i.e.. Follow 
the same protocol as the clinic-based subjects.  
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Trial flow chart 
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Study Time line: 

   Trial Objectives  

 
 Primary objectives  

1a. Determine the optimum diagnostic pathway for asthma based on conventional tests of large airway 
function and novel tests of small airway function 
 
1b. Determine the optimum diagnostic pathway for “steroid-responsive airways disease” (SRAD) based on 
conventional tests of large airway function and novel tests of small airway function  

 

 Secondary objectives 

2a. Evaluate the accuracy of the National Institute for Health and Care Excellence (NICE) asthma diagnostic 
algorithms  
 
2b. Identify the best predictor(s) response to inhaled corticosteroids (ICS, at 6-14 weeks) from 
measurements taken at baseline and/or early treatment (1-3 weeks) 
 
2c. In healthy volunteers, establish reference intervals and calculate repeatability coefficients for MBW, 
and AOS where there is a lack of evidence on what threshold constitutes a ‘normal’ set of values 
 
2d. In healthy volunteers, establish reference values and calculate repeatability coefficients for PExA and 
VOC, where there is a lack of evidence on what threshold constitutes a ‘normal’ set of values. 
 
2e. Identify the profile of biomarkers in volatile organic compounds (VOCs), and particles in exhaled air 
(PExA) which best predict asthma diagnosis. 
 
2f. Evaluate whether markers of immune cell activation predict asthma and predict response to treatment.  
 
2g. To collect samples to evaluate the predictive capacity of upper respiratory viral biomarkers 
 
2h. Identify what proportion of subjects in different age brackets (3-5 years, 5-8 years, 9-11 years, 12-15 
years and age 16 years +) are able to complete each of the tests to a satisfactory standard 
 
2i. Explore the acceptability of the lung physiology tests completed in the study visits  
 

Visits CV1 (CV2/OV1/OV2) 
 

Commence  
treatment period 

OV3 CV3 CV4  

Shortest study pathway D 0 (Range D1- D14) D 14   D 21 D 56 +12M 
             
Longest study pathway D 0 (Range D1 – D42)  D 42   D 63 D 140 +48M  
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2j. Determine the optimum diagnostic pathway based on conventional tests of large airway function and 
novel tests of small airway function in a) adults and older children (≥12 yrs) and b) younger children (<12 
yrs) 
2k. To evaluate the feasibility of using the Ventica System to measure tidal breathing at home in healthy 
and symptomatic children aged 3 – 12 years, and if possible, to establish some normal values in healthy 
children. 
2l. To evaluate the feasibility of using the Inflammacheck™ device in healthy and symptomatic children 
aged ≤ 18 years, and if possible, to establish some normal values in healthy children 
2m. To evaluate the diurnal pattern of symptom variations in asthma diagnosis. 
2n. To review mid to long term effect of asthma symptoms on participants and assess management of this 
in primary and/or secondary care. 
2o.To evaluate the feasibility of using home-based spirometry and fractional exhaled nitric oxide (FeNO) 
for asthma diagnosis in adults.  
2p.To identify patients’ views on perceived benefits, burdens and potential barriers of using home-based 
spirometry and FeNO for asthma diagnosis.  
 
  

 Outcome measures 
Table 1 

 Test Outcome measures Established threshold for 

positive results 

Symptoms Asthma Control 

Questionnaire 

(ACQ) 

ACQ-5  Change of 0.541 

Asthma Control Test 

(ACT) 

ACT 25- well controlled 

20-24- partially controlled 

<20- poorly controlled 

Chronotypes  Morningness-

Eveningness 

Questionnaires 

(MEQ) (≥18 years) 

Or  

MEQ for children 

and adolesents 

(MEQ-CA) (≥12 

years) 

Or 

Children’s 

Chronotype 

Questionnaire 

(CCTQ) (<12 years) 

Chronotypes Chronotype categories 



                                      

RADicA Protocol Version number V8.1_22/02/2023   

Page 16 of 68 
 

Tests included in NICE 

algorithm5 

spirometry FEV1/FVC 

FEV1, FVC,  MEF25-75 

FEV1/FVC <70% or below LLN 

BDR ∆ FEV1 or FVC following 400mcg 

inhaled Salbutamol 

≥ 12% and 200mls increase in 

FEV1 and/or FVC   

FeNO NO ppb ≥40 ppb in adults (≥35 ppb in 

children) 

PEFv PEF variability measured twice 

daily for  2 weeks  

≥20% variability in PEF over 

at least 3 days 

Measured as daily amplitude 

percentage mean: 

[(PEFhighest – PEFlowest) % 

PEFmean]x100 

BHRmann Mannitol PD15 Dose causing 15% fall in FEV1  

BHRmeth Methacholine PD20 Dose causing 20% fall in FEV1  

Home-based testing  
 

Spirometry   FEV1/FVC  
FEV1, FVC,  MEF25-75  

To be established   

FeNO  NO ppb  To be established  

Tests of small airway 

function 

AOS Rrs5Hz, Rrs20Hz, R5-20, Xrs5Hz, Xrs 

20Hz, X5-20  

To be established 

MBW LCI, Scond, Sacin To be established 

Experimental 

biomarkers of small 

airway inflammation 

PExA No of exhaled particles To be established 

VOC Mass spectrometry To be established 

Other Blood - 

eosinophils 

 Blood eosinophil count  > 0.4 × 109/L42 

Blood – other Cell culture, immune cell count, 

measures of immune cell 

activation (Mbd2, CCL17, CCR4)  

YKL-40 (CHI3L1), AMCase (CHIA), 

Chitotriosidase (CHIT1) 

Experimental (funding 

dependent) 

Sputum Sputum eosinophil %, Sputum 

neutrophil % 

≥2% eosinophils43 

Sputum - other Cell culture, immune cell count, 

measures of immune cell 

activation (Mbd2, CCL17, CCR4)  

Experimental (funding 

dependent) 



                                      

RADicA Protocol Version number V8.1_22/02/2023   

Page 17 of 68 
 

 

 Primary measures/endpoints 
 

Primary objective 1a. Determine the optimum diagnostic pathway for asthma based on conventional tests 

of large airway function and novel tests of small airway function. 

 

Asthma definition i: Overall clinical diagnosis at the end of the study. Asthma will be defined on the basis 
of symptom consistent with asthma and objective evidence (where available) determined by observation 
of PEF chart, spirometry pre- and post-salbutamol, bronchial challenge results, FeNO, eosinophils, SPT and 
response to treatment (where available). This is assessed by at least 2 senior and experienced respiratory 
physicians/paediatricians and forms the basis of the advice to GP about ongoing treatment for the 
participant. Subjects will be categorised as asthma, not asthma, possible asthma or insufficient evidence. 
 

YKL-40 (CHI3L1), AMCase (CHIA), 

Chitotriosidase (CHIT1) 

Skin prick tests To inhalant allergens Atopic if 1 or more positive 

Serum specific IgE allergen specific IgE to common 

inhalants  (mite, cat, dog, grass, 

tree) 

Atopic if 1 or more positive 

BAL Cell culture, immune cell count, 
measures of immune cell 
activation (Mbd2, CCL17, CCR4) 

experimental 

BAL - other YKL-40 (CHI3L1), AMCase (CHIA), 
Chitotriosidase (CHIT1) 

Experimental – funding 

dependent 

Nasopharyngeal 

swabs 

Virology profile experimental 

Stored blood Other biomarkers  

 Inflammacheck biomarker Feasibility in children age 3-

18years 

 Ventica System EVI Feasibility in children age 3-

12 years 

Health related quality of 
life and asthma impact  
  

ED-5D-5L 

quesitonnaire43  

ED-5D-5L  To be established  

Asthma impact 

questionnaire  

Exacerbation rate, missed 

school/work/care for others, 

productivity, unscheduled 

healthcare visits  

To be established  
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Asthma definition ii: Asthma will be diagnosed based on clinical symptoms and signs alone, recorded in a 
standardised format and three clinicians will be asked to score asthma as high probability, intermediate 
probability or low probability asthma, based on information collected in the structured clerking proforma. 
When two out of three scored an individual as high or intermediate probability asthma, the individual was 
classified as “asthma”. In the event of 2 or more scoring low probability the subject was classified as “not 
asthma”.  
 

Asthma definition iii: Asthma will be defined on the basis of symptom consistent with asthma and objective 
evidence of variable airflow obstruction, (determined by observation of PEF chart, spirometry pre- and 
post-salbutamol, bronchial challenge results) 
 

 
Primary objective 1b: Determine the optimum diagnostic pathway for “steroid-responsive airways disease” 

(SRAD) based on conventional tests of large airway function and novel tests of small airway function 

 
Steroid-responsive airways disease will be defined as improvement in symptoms, airway physiology, 
inflammatory profiles and clinical impression following 6-14 weeks of ICS treatment. Patients will be 
categorised as symptom responsive (Primary endpoint), physiology responsive (secondary endpoint), and 
clinically responsive (secondary endpoint), as follows:  
 
Steroid-responsive airways disease i: Symptom responsive (0.5 unit improvement in ACQ-5) 

Steroid-responsive airways disease ii: Physiological responsive (12% improvement in FEV1 or FVC and 

200ml, or 1 DD improvement in PD15Mann or PD20MCh 

Steroid-responsive airways disease iii: Clinically responsive (clinical impression of “ICS responsive” from the 

patient and 2 of 3 clinicians who have access to spirometry, bronchial challenge tests and FeNO pre- and 

post-ICS treatment)  

Univariate and multivariate logistic regression analysis (binary and linear) will be used to determine the 
prediction probability of asthma following investigation with outcome measures listed in Table 1 (section 
3.3). Please see section 8.3 for detailed data analysis plan.  
 

  Trial Design  
 

The study will be a prospective cohort study. A symptomatic population with suspected asthma will be 
recruited to ensure that it is representative of the population in whom the asthma diagnostic algorithm 
would be used in clinical practice. Participants with symptoms of asthma (i.e., cough, wheeze, chest 
tightness and/or breathlessness), not currently taking inhaled corticosteroid treatment will be recruited 
through primary and secondary care sources (section 5.2.1). Participants will undergo 3-4 core visits, and 
up to 3 optional clinic visits and 1 optional home testing (≥16yrs) (section 5.2). At these visits, a series of 
standard and novel lung function and bronchial challenges will be performed, and tissue samples collected; 

full details of these procedures are presented below (section 5.2.14). Following the final baseline visit, 
participants will commence treatment with an inhaled corticosteroid for daily use during the 4 - 8-week 
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treatment period (maximum 14 weeks). Although most subjects will be seen within the 8-week period, 
some fail to attend during this time and as we do not expect to see a significant difference in treatment 
effect between 8 and 14 weeks (as subjects will have reached a steady state) we would still like to include 
these subjects in the study). Participants will also be provided with a bronchodilator for use as required 
throughout the duration of the study, this will be provided at core visit 1. (Section 5.2.8).  

If participants wish to be reviewed sooner following trial of inhaled steroids (i.e, within 1-2 weeks) they can 
attend an additional optional visit 3. For participant who opt in for the optional home testing, to reduce 
patients burden, if diagnosis is certain following core visit 2 (all tests pre-treatment), participants will be 
discharged to the referring physician with the study results and the appropriate recommendation. However 
if diagnosis remains uncertain following core visit 2, a trial of inhaled corticosteroids will be given and the 
participant will be invited to return 4-8 weeks later (core visit 3) to assess treatment response and 
diagnosis.  
 

 Study Setting 
 

Manchester University NHS Trust (MFT): The physiological assessment and tissue collection will take place 
at Manchester University NHS Trust (MFT). The majority of the work will take place on the Wythenshawe 
Hospital site.  

Manchester Institute for Biotechnology (MIB): The analysis of breath sample composition i.e., VOCs, will 
take place in the Manchester Institute for Biotechnology.  
 

 End of trial 
 

The sponsor will notify the REC within 90 days of the completion of the study. This will be the date of the 
last visit/data item of the last patient undergoing the trial. 

 

 Selection and Withdrawal of Subjects  

 Informed consent 
The Principal Investigator (PI) retains overall responsibility for the informed consent of participants and will 
ensure that any person delegated responsibility to participate in the informed consent process is duly 
authorised, trained and competent to do so.  

A ‘participant information sheet’ (PIS) and an ‘informed consent’ (IC) form will be presented to the 
participants detailing: the exact nature of the study; the implications and constraints of the protocol; the 
known side effects and any risks involved in taking part. Where appropriate, participants under 16years old 
will be presented with an ‘assent sheet’ and the consent form will be completed by the parent or legal 
guardian. Participants will be allowed as much time as wished to consider the information, and the 
opportunity to question a member of the research team to decide whether they wish to participate in the 
study.  
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Written informed consent will be obtained from all participants (or via parent/ legal guardian) by the 
principal investigator or by a delegated member of the research team. The consent process will involve five 
stages, listed below: 

1. Giving the participants a written information sheet 
2. Giving time to consider the information 
3. Providing the opportunity to ask questions 
4. Receiving the written consent 
5. Reminding participants that they are free to withdraw at any time  

Written Informed Consent will then be obtained by means of participant dated signature and dated 
signature of the person who presented and obtained the informed consent (or their parent or legal 
guardian as appropriate) and assent to participate will also be obtained from the participant where 
appropriate.  A copy of the signed Informed Consent will be given to the participants.  The original signed 
form will be retained at the study site.  

 Additional consent provisions for collection and use of 
participant data and biological specimens in ancillary studies, 
if applicable 

The participant information sheet (PIS) will include details of the biological samples that will be used in the 
current study and those that may be stored for future use. Participants will be able to choose whether they 
allow for their samples to be used for future respiratory and allergy studies and indicate their decision on 
the consent form, by initialling next to the corresponding option.  

 Inclusion and exclusion criteria 

 Inclusion Criteria 
i. Males and females ≥3years and <70 years 

ii. Clinical suspicion of asthma from GP or referring health care professional 
iii. One or more symptom in keeping with asthma (i.e., cough, wheeze, chest tightness and/or 

breathlessness) 
iv. Capable of giving informed consent or where under 16 years attends with parent or legal guardian. 

 Exclusion Criteria 
i. Current ICS (used within previous 2 weeks) or oral steroid treatment (within the previous 4 weeks) 

ii. Former/Current smokers if >10 pack year smoking history 
iii. Other relevant comorbidities (e.g., other lung disease; CF, COPD, ILD or bronchiectasis)  
iv. Recent antibiotic treatment within previous 2 weeks (these participants may be able to enter the 

study at a later date)  
v. Pregnant 

 

 Screening and Eligibility Assessment 
Participants referred to this study will be assessed for eligibility by a member of the research team against 
the defined inclusion and exclusion criteria (Section 4.3).  
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 Identification and selection of Participants 
Potential participants will be identified from participating GP surgeries, community teams, and secondary 
care hospitals across Greater Manchester. Patients with symptoms consistent with asthma (i.e., cough, 
wheeze, chest tightness and/or breathlessness) that have not been taking inhaled corticosteroids in the 
previous 2 weeks or oral steroids within the previous 4 weeks will be eligible. Any patients identified as 
potential participants but who have received recent steroids may be eligible for re assessment at a later 
date. 

 Randomisation Procedure / Code Break  
Not applicable.  

 Withdrawal of Subjects 
Participants may be withdrawn from the research at any stage, at the request of the participant, in the 
event of a SAE and/or in the event of the development of significant new medical condition. The reason for 
withdrawal will be documented. If withdrawal is due to an AE/SAE follow up will be as stated (Section 6.2.3) 

 Expected Duration of Trial 
The duration of trial will be between 14-28 months for each participant and will be dependent upon which 
visits the participant opts to complete and the time between visits. Participants will also be contacted 12-
48 months after completing core visit 4 for a remote contact long term follow up (unless they have 
withdrawn prior consent). Between CV4 & CV5 the participants will be under the care of their GP. The 
purpose of CV5 is to describe long term outcomes. The proposed end date for the research is 2024.  

 

 Trial Procedures 

 Visit details 
 

Participants will undergo 4 core visits (Table 2), and up to 3 optional clinic visits and 1 optional home-based 
testing (in adults, ≥16yrs) (section 3.1.1). At these clinic visits a series of standard and novel lung function 
and bronchial provocation challenges will be performed, and tissue samples collected as shown in the visit 
schedule (section 5.2). During the optional home-based testing, adult participants will be provided with 
home spirometery, FeNO and a diary booklet for home testing over 2 weeks following core visit 1. Full 
details of the procedures are presented below (section 5.2.14). Departmental Standard Operating 
Procedures (SOPs) will be followed for each test. 

 

 Visit schedule 
Core visit 1 will include almost all of the lung function tests, however as it is not possible to do tests of 
bronchodilator reversibility on the same day as a methacholine challenge test, the methacholine 
challenge test will occur at least 1 day later as core visit 2. In addition, as peak flow monitoring takes 2 
weeks to complete, although this starts at Core visit 1 these measurements will be continued at home for 
2 weeks. For adult participants (≥16yrs) who opt in for optional home-based testing, instead of 2 weeks of 
peak flow monitoring, they will be provided with hand-held spirometer and FeNO devices for monitoring 
over 2 weeks. Training and support will be provided throughout the study.  
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All participants who choose to take part in Optional home testing will be purposively sampled to take part 
in a semi-structured interview. Diverse sampling will ensure a range of ages, gender, ethnicity, 
education/working patterns, symptom severity (based on ACQ) and digital literacy of participants are 
represented. These characteristics are potential moderators of using home-testing. This information will be 
collected as part of the clinical assessment in CV1; digital literacy on using mobile app and/or internet will 
be determined based on self-reported rating. Guidance on maximising the impact of qualitative research in 
feasibility studies suggests that ensuring diversity of sampling to identify the full range of issues 
experienced by those in receipt of the intervention is most important.  Considering the diverse age range, 
we estimate 20-25 will facilitate an understanding of the range of participants’ experiences. Selected 
participants will then be given a patient information sheet about the short (~1hr) qualitative interview and 
consent to participate sought. The interview may occur anytime following the monitoring period according 
to participants’ preference. 

 

Participants will also be given the option of completing 3 additional visits (optional visit 1 for a mannitol 
challenge, optional visit 2 for bronchoscopy and optional visit 3 for an early treatment response visit). Core 
visit 2 and optional visits 1 and 2 can occur at any time and in any order prior to starting treatment with ICS 
(section 3.1.1).  

 

 Recruitment 

Recruitment will occur both at GP centres in the Greater Manchester area and from secondary care referral. 
Secondary care referral will include patients identified in outpatient clinics, accident and emergency or 
acute assessment units, and inpatient wards. Other referral sources may include community teams ie 
community respiratory nurses and district nurses.  Potential participants meeting the study criteria will be 
provided with information (i.e., verbal, poster, participant information leaflet (PIL), or patient information 
sheet (PIS)) if they wish to proceed into the study, they will be referred by their health care professional.  

General Practice surgeries in Manchester: GP surgeries in Manchester will be invited to identify patients 
to this research. A list of the participating surgeries will be held in the TMF. Patients with symptoms 
consistent with asthma (i.e., cough, wheeze, chest tightness and/or breathlessness), not currently receiving 
ICS treatment, will be eligible for recruitment. Patients presenting acutely unwell that have received a 
course of steroids within the last four weeks may still be referred for eligibility review at a later date.  
Secondary care hospitals in Manchester: Secondary care hospitals in Manchester will be invited to identify 
patients into this research. A list of the participating hospitals will be held in the TMF. Patients with 
symptoms consistent with asthma (i.e., cough, wheeze, chest tightness and breathlessness), not currently 
receiving ICS treatment, will be eligible for recruitment. Patients presenting acutely unwell that have 
received a course of steroids within the last four weeks may still be referred for eligibility review at a later 
date. 
 

 Eligibility check and booking (phone call)  

Eligibility will be checked by a member of the research team against the inclusion and exclusion criteria 
(Section 4.3). Eligible participants will be booked for Core Visit 1. A copy of the patient information sheet 
(PIS) will be provided to the patient if they do not already have a copy. This will be done by email, by post 
or by offering access through the website (www.radica.org.uk). 



                                      

RADicA Protocol Version number V8.1_22/02/2023   

Page 23 of 68 
 

Participants invited to attend core visit 1 will be asked to refrain from the following prior to all clinical visits: 

• Short acting bronchodilators: 8 hrs 

• Smoking: 1hr 

• Caffeine: 8 hrs  

 

 

 COVID – 19 considerations 
 

In view of the Covid-19 pandemic a number of conditions regarding the study visits will be put in place: 

a) All study visits will follow MFT (the sponsor) protocol with regard to SARS-CoV-2 infection control 

policy and PPE advice. 

b) If a participant is already recruited to the study and further visits cannot be made face-to-face in 

view of the current SARS-CoV-2 community infection prevalence, then study visits will be performed 

remotely (by telephone and/or video conferencing depending on availability and sponsor 

recommendation) in order to maintain participant safety and collect any visit data which can be 

collected this way (e.g., questionnaire data). 

c) Any participant who has only completed Visit 1 and/or 2, at a time when subsequent face-to-face 

visits are suspended, will be offered to restart in the study should they still be eligible for the study 

when “business as usual” is resumed. This would require a new consent to be signed and a new 

RADicA ID number to be issued. 

d) If at any time it is deemed in the participants best interests to start ICS at visit 1, this should be done 

and Visit 2 omitted. The referring GP will be informed of this protocol deviation. 

 Core visit 1(screening/baseline assessment) 

This visit is a core visit and will be completed by all participants  

The procedures conducted at this visit are stated below. Participants in whom asthma is deemed low 
probability and in whom an alternative diagnosis is suspected (e.g., pneumonia) would be discussed with 
the supervising consultant or nominated deputy and would be withdrawn from the study and referred back 
to their GP to be evaluated further (GP withdrawal letter). If appropriate direct referral to a general 
respiratory clinic or on call team at Wythenshawe hospital or local clinic could be arranged.  

 

1. Informed consent 
2. Pregnancy test (if applicable) 
3. Demographics / Clinical history 
4. Symptoms (including ACQ-5 and ACT) 
5. Chronotype questionnaire (MEQ/CCTQ) (can be completed in any study visit) 
6. Clinical Examination 
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7. Skin prick test - if the patient is on antihistamines, this test will be deferred to a future baseline visit 
(see Section 3.1.1 for baseline visits) and medication withheld as indicated) 

8. Blood test (all participants - can be completed at any baseline visit) 
9. Nasopharyngeal swabs 
10. FeNO 
11. VOCs 
12. Inflammacheck (in ≤ 18 yrs) 
13. AOS (pre-salbutamol) 
14. PExA (pre-salbutamol) 
15. MBW (pre-salbutamol) 
16. Spirometry (pre-salbutamol) 
17. Administration of inhaled salbutamol for bronchodilator reversibility testing 
18. AOS (post-salbutamol) 
19. Spirometry (post- salbutamol) 
20. For children aged ≤ 12 years and <140cm in height Ventica 1-2 nights recording at home (if 

equipment available) 
 

Following the visit all patients continuing in the study will be issued with an inhaled short acting 
bronchodilator to use as required in case they become symptomatic between visits. For participant 
convenience they will also receive their inhaled corticosteroid treatment but not commence treatment 
until instructed following baseline visits and 2-week PEF monitoring (baseline visits include: core visit 1 and 
2 plus optional visits if applicable). However, if following any baseline visit, the clinician decides that it is in 
the patient’s interest to start treatment (likely to be oral corticosteroids and/or inhaled corticosteroids 
and/or antibiotics) for asthma immediately, after discussion with the supervising consultant this will be 
commenced. These patients will omit any pending baseline visits but will be invited to attend for core visits 
3 and 4 and will be offered additional support through NHS clinics as appropriate.   

 

 Home lung function monitoring  
 
 
 
Peak flow monitoring   

All participants will receive a peak flow meter and record twice-daily (morning and evening) PEF 
measurements for 2-weeks, unless they opt in for optional home-based testing (see below). In addition, 
they will be instructed to note down any use of their salbutamol inhaler and where possible record pre and 
post bronchodilator PEF measures. 

 
Optional home based testing  
For adult participants (≥16yrs) who opt in for the optional home-based testing, instead of 2 weeks of twice-
daily peak flow monitoring, they will be provided with hand-held spirometer and FeNO devices for 
monitoring four times a day over 2 weeks. An App linked to the spirometer will be installed on participants 
phone, by participants with the help of the research team, and training will be provided at the end of core 
visit 1.   
  
Participants will be asked to take FeNO and spirometery measurements ~4-5 hourly when awake (e.g 0600-
0800, 1100-1300, 1600-1800, 2100-2400) and whenever symptomatic for a week. Participants will be 
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instructed to measure FeNO levels prior to spirometery to avoid potential effect of forced expiratory 
manoeuvre on FeNO readings, and prior to meals if possible. If salbutamol is needed, participants will be 
encouraged to perform spirometry both prior and 15 minutes after use if possible. Reminders will be sent 
on day 3 and day 5 with participants’ permission, by text messages, emails or phone call, whichever they 
prefer. At the end of week 1 a short telephone contact will be made and ACQ-5 will be completed over the 
phone to assess participants’ symptoms over the monitoring period.  During the second week, as twice-
daily peak flow monitoring for 2 weeks is a standard asthma diagnostic test, we will ask participants to 
continue using the home spirometer twice-daily to capture peak flow measurements. In addition, 
participants will be instructed to use FeNO and spirometry whenever symptomatic.   
  
Training and support (written, phone call, virtual and home visit if necessary) will be provided throughout 
the monitoring period. Whilst spirometry and peak flow readings and test qualities will be automatically 
logged via the device system, FeNO readings will be recorded by participants. Participants will be provided 
with a diary booklet and this will be explained to patients at the end of core visit 1.  Symptom reporting and 
health-related quality of life (using EQ-5D-5L43) will also be recorded using the diary booklet.  
  
The FeNO device will be collected at core visit 2. Participants can keep the spirometry device for ongoing 
management.  
  
A patient acceptability questionnaire and asthma impact questionnaire will be completed at core visit 2.  
  
  
Optional qualitative interview of home-based testing  
All participants recruited to the optional home-based testing will be purposively sampled to take part in a 
semi-structured interview. Diverse sampling will ensure a range of ages, gender, ethnicity, 
education/working patterns, symptom severity (based on ACQ) and digital literacy of participants are 
represented. These characteristics are potential moderators of using home-testing. Digital literacy on 
using mobile app and/or internet will be determined based on self-reported rating.  
 

Details of the interview will be introduced to participants once they have opted to take part in the home 
monitoring option and the PIS given to selected patients at the end of core visit 1 to read at home. Family 
members/carers (of those sampled for the interviews), who are involved in supporting the home-based 
testing will also be invited to participate in either a separate or joint interview according to their 
preference. A separate PIS will be developed for this group. They will be approached using the same 
recruitment, consent and interview processes.  
For participants/family members/carers who are involved in the interview and have insufficient English to 
understand the English version of the PIS or contribute fully to the interviews, both written and verbal 
translation will be provided.  
  
If patients and family members/carers agree to participate a convenient date and time will be arranged 
(either a face-to-face/ telephone /video appointment, according to participants’ preference and COVID-
19 restrictions at the time). Verbal or written consent will be taken at the interview appointment. An oral 
consent script will be followed for telephone and video interviews and a copy of the consent form sent to 
the participant. The consent conversation will be recorded and kept in a separate digital file without any 
identifiable patient information.  
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A topic guide for the interviews will be developed with the PAG and study team. Topics are most likely to 
include: views on perceived benefits, burden and potential barriers of using home-testing in asthma 
diagnosis; experiences of using the home-based testing devices, written and verbal instructions; types of 
virtual support and access required.  
  
With participants permission the interviews will be recorded, anonymised, transcribed and stored 
according to safeguarding and data protection policies.  
  
An experienced qualitative researcher who is part of the RADicA research team but not directly involved 
in the optional home-based testing (to avoid bias) will conduct the interview. Interviews will take ~1 
hour.  
  
Participants will be give £50 as a token of thanks for participating in the home-based testing and additional 
£25 for reimbursement of their time in the interview.  
  

 

 

 Core visit 2- Methacholine challenge visit  
 

This visit is a core visit and will be completed by all participants providing they are eligible with no contra-
indications (appendix 3). Participants can attend for the methacholine challenge visit at any point 
between core visit 1 and entering the treatment period phase providing there is a gap of ≥24hrs from 
completing bronchodilator reversibility challenge (done in core visit 1), or ≥48hrs between challenge tests 
and/or bronchoscopy 

The procedures conducted at this visit is as follows:   

1. Symptoms (ACQ-5) 
2. Collection of PEF measurements (if participant has not completed 2 weeks this can be collected at 

the next visit) 
3. FeNO 
4. VOCs 
5. Inflammacheck (in < 18 yrs, if equipment available) 
6. AOS (pre-methacholine) 
7. PExA (pre-methacholine) 
8. MBW (pre-methacholine) 
9. Spirometry (pre-methacholine) 
10. Methacholine provocation challenge 
11. AOS (post-methacholine) 
12. Sputum will be collected where expectoration is voluntarily achieved at any point during the 

baseline visits, however we would most likely expect sputum during/following the methacholine 
challenge  

13. Participants will be instructed to commence their treatment with ICS (standard asthma treatment) 
once they have completed their last baseline visit and 2weeks PEF monitoring. 

14. Complete an exploratory acceptability questionnaire for lung function tests (a subgroup of adults 
and children) 
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15. For children aged ≤ 12 years and ≤140cm in height, Ventica 1-2 nights recording at home (if 
equipment available and not done at previous visit) 

16. Skin prick testing and blood sampling if not performed at CV1 

17. (for participants who completed Optional home testing:  acceptability questionnaire, asthma 
impact questionnaire)  

 

For study subjects unwilling or unable to commit to a full CV2, we will offer a short CV2 which will 
include a minimum of methacholine challenge, FeNO and AOS. 
 

For participants who undertook optional home-based testing, following core visit 2 the results of the 
investigations will be reviewed and a diagnosis of ‘asthma’ or ‘not asthma’ will be based upon clinical 
assessment and objective tests. A letter summarising the diagnosis and a recommended treatment plan 
will be provided to the referring physician and copied to the patient. However, if diagnostic outcome 
remains uncertain at this stage, Participants can continue in the study the same as the clinic based 
participants and will be invited to attend core visit 3 4-8 (maximum 14 weeks) after the trial of treatment 
and have the diagnosis confirmed.  

 

 Optional visit 1- Mannitol challenge visit 
 

This visit is an optional visit which anyone enrolled on the study will be given to option to attend if they 
wish providing, they are eligible with no contra-indications (see appendix 4).  Eligible and willing 
participants can attend for the Mannitol challenge visit at any point between core visit 1 and entering the 
treatment period phase providing there is a gap of ≥24hrs from completing bronchodilator reversibility 
challenge (done in core visit 1), or ≥48hrs between challenge tests and/or bronchoscopy. Participants 

attending optional visit 1 will also be asked to refrain from any antihistamines for 72hrs before the 

appointment. 

 

1. Symptoms (ACQ) 
2. AOS (pre-Mannitol) 
3. Spirometry (pre-Mannitol) 
4. Mannitol provocation challenge 
5. AOS (post-Mannitol) 

6. For children aged ≤ 12 years and ≤140cm in height, Ventica 1-2 nights recording at home (if 
equipment available and not done at previous visit) 
 

7. Participants will be instructed to commence their treatment with inhaled corticosteroids once they 

have completed their last baseline visit and 2weeks PEF monitoring. 

8. Complete an exploratory acceptability questionnaire comparing the 2 challenge tests performed (a 

subgroup of adults and children) 

 

 Optional visit 2- Bronchoscopy visit 
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This visit is an optional visit and will be completed by up to 20 adults. Eligible patients will be invited to 
attend at any stage between core visit 1 and entering the treatment period phase providing there is a gap 
of ≥48hrs between challenge tests and/or bronchoscopy.   Exclusions from completing the bronchoscopy 
will be in accordance with the SOP. 

1. Informed consent 
2. Bronchoscopy 
3. Participants will be instructed to commence their treatment with inhaled corticosteroids once they 

have completed both their last baseline visit and 2weeks PEF monitoring. 
 

 Treatment period  
 

Inhaled corticosteroids 

Flixotide Accuhaler will be prescribed in all patients. Adults and children aged 16 years and over will be 
prescribed 250 mcg twice daily. Children aged 3 to 15 years will be prescribed 100 mcg twice daily.  These 
dosages are in line with the dosages recommended in the Summary of Product Characteristics44. 

Instructions will be provided for missed doses of Flixotide, as follows:  

• If it is almost time for next dose (within 4 hours), skip the missed dose and take the next dose when 
it is due.  

• Otherwise, take it as soon as it is remembered, and then go back to taking the medicine as usual.  

• Do not take a double dose to make up for the missed dose. 

Medication adherence will be monitored using an electronic monitoring device if available. The electronic 
device creates time stamped record of an individual's inhaler use, in which empirical evidence of temporal 
adherence in inhaler use can be monitored over time. 

In the unlikely event of a participant not tolerating the Flixotide Accuhaler we will offer the Flixotide 
Evohaler at the equivalent dose as an alternative option (this is what would happen in standard care). If a 
participant is switched to the alternate option a similar electronic monitoring device will be used if 
available.  

If no device is available information from the dose-counter, at each visit will be captured.  

Reliever medication  

An inhaled short acting bronchodilator will be prescribed for use PRN. A Ventolin Accuhaler will be 
prescribed, and participants instructed to take 200mcg (1 puff) as required, with a maximum daily dose of 
800mcg. Doses are in line with the summary of product characteristics for the Ventolin Accuhaler44. In the 
unlikely event of a participant not tolerating the Ventolin Accuhaler we will offer the Salbutamol metered 
dose inhaler at the equivalent dose (I.e., 100mcg 2 puffs) as an alternative option (this is what would 
happen in standard care). Medication use will be monitored using an electronic monitoring device if 
available or alternatively we will ask about use of salbutamol at each visit. 

Medication withhold times 
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Where possible, participants will be asked to withhold certain medication or drugs prior to each visit, in line 
with department SOPs and international guidelines, as below: 

• Short-acting beta-2 agonists for 8 hours 

• Inhaled corticosteroids for 12 hours 

• Smoking for 1 hour 

• Caffeine for 8 hours 

• Antihistamine 72hours (prior to skin pick testing and mannitol challenge only) 

 
 Optional visit 3- 1–3-week ICS response  

 

This visit is an optional visit and will be completed by all participants 1-3 weeks after commencing ICS 

treatment: 

1. Symptoms (ACQ) 
2. Clinical examination 
3. Check adherence 
4. Blood test (in adults, also offered in children with previously raised eosinophils who did not have a 

problem with venepuncture at a baseline visit) 
5. FeNO 
6. VOCs 
7. AOS 
8. PExA 
9. MBW 
10. Spirometry 
11. For children aged < 12 years and ≤ 140cm in height, Ventica 1-2 nights recording at home (if 

equipment available and done prior to treatment) 
12. Participants will receive their next study inhalers and instructions as to when to start them. 
13. Participants will be issued with a GP Letter and non-urgent prescribing form so that they can 

organise ongoing treatment for when they complete the study (this will prevent any treatment 
delays at the end of the study but is only to be commenced in patients that are given a diagnosis of 
asthma at the end of Core visit 4). 
   

 Core visit 3 - 4–14-week ICS response 
  

This visit is a core visit and will be completed by all participants 4-14 weeks after commencing ICS treatment: 

1. Symptoms (ACQ-5 and ACT) 
2. Clinical examination 
3. Nasopharyngeal swabs 
4. Blood test (in adults, also offered in children with previously raised eosinophils who did not have a 

problem with venepuncture at a baseline visit) 



                                      

RADicA Protocol Version number V8.1_22/02/2023   

Page 30 of 68 
 

5. FeNO 
6. VOCs 
7. Inflammacheck (in < 18 yrs, if equipment available) 
8. AOS  
9. PExA 
10. MBW 
11. Spirometry 
12. Methacholine challenge 
13. AOS (post methacholine) 
14. Sputum will be collected where expectoration is voluntarily achieved  
15. GP Summary of results letter 
16. Complete an exploratory acceptability questionnaire for lung function tests (a subgroup of adults 

and children) 
 

 
Following core visit 3 the results of the investigations will be reviewed and a diagnosis of ‘asthma’ or 
‘not asthma’ will be based upon clinical assessment and objective tests. A letter summarising the 
diagnosis and a recommended treatment plan will be provided to the GP and copied to the patient. In 
addition, we will provide those with asthma with a Personal Asthma Action Plan 
(https://www.asthma.org.uk/advice/resources/#action-plans) in line with usual clinical practice. The 
patients GP will then be responsible for their ongoing asthma care. 12-48 months after core visit 3 
contact will be made via text inviting the participant to take part in core visit 4 (see section 5.2.13). 
 

 Core visit 4 – 12-24 months (up to 48 months) follow up of clinical status 
  

This visit is a core visit where participants will be sent a text message 12-24 (but up to 48 months) 
months after completing CV3 asking them if they are willing to complete a questionnaire about their 
current health. 
Participants who answer yes will then be contacted by text/phone or email to complete a brief 
questionnaire (see appendix 10.7). This questionnaire may be completed via the RADicA website or 
over the phone. 
The intention of this visit is to review participants’ clinical status, to see if they are still symptomatic, 
have any new symptoms, any new diagnoses and if any further investigation have been performed 
since completing core visit 3. 
 

 
  

https://www.asthma.org.uk/advice/resources/#action-plans
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Finished RADicA within the last 

12-24 (up to 48) months

Asthma

Invite text 

Reply Yes

Complete 
questionnaire A

(Appendix 10.7.1)

Reply no

No further contact

Not asthma/ 
Possible Asthma/ 

Insufficent evidence

Invite text 

Reply Yes

Complete 
questionnaire B

(Appendix 10.7.2)

Reply No

No further contact

Withdrawn

No further Contact
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  Table 2. Visit schedule  

 Baseline Clinic visits Treatment Monitoring Visits Follow 
Up Visit 

 
Core  

Visit 1 
Core  

Visit 2 
Optional  

Visit 1 

 

Optional  
Visit 2 

 

 
Optional  

Visit 3 
 

Core  
Visit 3 

 
Core 

Visit 4 
 

 
Visit name 

Screening/ 
baseline/ 
dispense 
treatment 
 

Methacholine  
challenge  

Mannitol 

challenge  
Bronchoscopy 

 

1-3week  
response 

4-14 week  
response  

 
 

Follow 
up  

Demographics/ 
Clinical history 

✔   
  

  
 
✔ 

Symptoms (ACQ) ✔ ✔ ✔ ✔  ✔ ✔     

Symptoms (ACT) ✔      ✔ ✔ 

Acceptibility and 
Asthma impact 
questionnaires 

 ✔∞  
  

  
 

Symptoms 
(follow up 
questionnaires) 

   
  

  
✔ 

Chronotype 
(MEQ or CCTQ) 

✔**   
      

  
 

Examination ✔      ✔  

VOCs ✔ ✔    ✔ ✔  

PExA ✔ ✔    ✔ ✔  

MBW ✔ ✔    ✔ ✔  

FeNO ✔ ✔    ✔ ✔  

Skin Prick test ✔*        

Blood ✔*     ✔† ✔†  

Pregnancy test 
(if applicable) 

✔   
  

  
 

Spirometry ✔ ✔ ✔   ✔ ✔  

AOS ✔ ✔ ✔   ✔ ✔  

BDR ✔        

Mannitol    ✔      

Methacholine  ✔     ✔  

Sputum  ✔*     ✔  

BAL    ✔     

Nasopharyngeal 
swab 

✔ ✔  
  

 ✔ 
 

Inflammacheck ✔‡* ✔‡     ✔‡  

Ventica ✔‡*     ✔‡   

GP letter ✔     ✔ ✔  

Dispense 
treatment 

✔   
  

✔  
 

Start prn reliever ✔        

Start ICS     ✔    

*Can be completed at any baseline visit † In all adults and offered in children with previously raised eosinophils who didn’t have a problem with 

venepuncture at a baseline visit,  ‡ in children and if equipment available **Can be completed in any one of the visits (only need to be completed 

once during the study); ∞ only if participant opt in for optional home-based testing. 
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 Healthy control visit schedule 

5.2.14.1 Trial Flow Chart 

 

 

 

5.2.14.2 Recruitment 

Participants will be recruited using posters and flyers which will be displayed (for example in hospital 
waiting rooms, staff rooms), or distributed through social media (for example facebook). Participants 
meeting the study criteria will be provided with a participant information sheet which will also contain 
contact information for the research team. Those wishing to be involved can contact the research team 
and will be booked for eligibility assessment. We aim to match healthy controls by gender and age to the 
symptomatic cohort. Therefore, once half the participants have been recruited, we will preferentially 
select healthy participants to balance the age/gender profile of the symptomatic cohort.   A summary of 
the visits is shown in Table 3 

5.2.14.3 Eligibility check and booking (Phone call)  

Eligibility will be checked against the inclusion and exclusion criteria (Section 5.2.13.4). Eligible 
participants will be booked for Visit 1.  

 

Participants invited to attend visit 1 will be asked to refrain from the following prior to the appointment: 

• Smoking: 1hour 

• Caffeine: 8 hours  

 

 

 

 

 

Visits V 1 V2 

Shortest study 
pathway 

D 0 D7 

       
Longest study 
pathway 

D 0 D84  

Recruitment into study 

Visit 1 
Baseline assessment 

(D 0) 

Visit 2 
Reproducibility assessment 

(D7-D84) 



                                      

RADicA Protocol Version number V8.1_22/02/2023   

Page 34 of 68 
 

 

5.2.14.4 Inclusion and Exclusion Criteria 

Inclusion Criteria: 

i. Males and females ≥3 years and <70 years 
ii. Capable of giving informed consent or where under 16years attends with parent or legal guardian. 

 
Exclusion criteria:   

i. Diagnosis or repeat prescription of asthma treatment past or present 
ii. Significant respiratory, cardiac or other medical co-morbidity  

iii. More than one course of antibiotics for chest infection in the last 12 months  
iv. Pregnant women 
v. >10 pk yr smoking history 

vi. Recent antibiotic treatment for any cause within previous 4 weeks  
vii. Active symptoms of rhinitis (within last 2 weeks) 

 

 

5.2.14.5 Visit 1- Baseline assessment 

This visit will be completed by all participants. 

Tests conducted at this visit is as follows:  

1. Informed consent 
2. Pregnancy test (if applicable) 
3. Demographics/Clinical history 
4. Symptoms 
5. Chronotype questionnaire 
6. Skin prick test (if the patient is on antihistamines, this test will be deferred to visit 2 and medication 

withheld as indicated) 
7. Blood test 
8. Nasopharyngeal swabs 
9. FeNO 
10. VOCs 
11. Inflammacheck (in < 18 yrs) 
12. AOS (pre-salbutamol) 
13. PExA (pre-salbutamol) 
14. MBW (pre-salbutamol) 
15. Spirometry (pre-salbutamol) 
16. Administration of inhaled salbutamol for bronchodilator reversibility testing 
17. AOS (post-salbutamol) 
18. Spirometry (post-salbutamol) 
19. For children aged < 12 years and ≤ 140cm Ventica 1-2 nights recording at home (if equipment 

available) 
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5.2.14.6 Visit 2- reproducibility assessment (1 – 12 weeks)   

This visit will be completed by all participants and can occur at any time from one to twelve weeks 

following visit one. 

1. Symptoms 
2. Inflammacheck (<18 yrs) 
3. Nasopharyngeal swabs 
4. FeNO 
5. VOCs 
6. AOS 
7. PExA 
8. MBW 
9. Spirometry 
10. GP summary of results letter (only if abnormal test results)  
11. Complete an exploratory acceptability questionnaire for novel lung function tests (a subgroup of 

adults and children) 
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5.2.14.7 Table 3: Visit schedule (healthy volunteers) 

 

 

 

 

 

 

 

 

 Specific procedures (core visits) 
 

Clinical History and Demographics:  Patient demographics and clinical history will be recorded in the CRF as 

source data. Measurements will include height, weight, ethnic origin, age, smoking history and will be 

collected according to the department SOPs.  

Skin Prick Test: A standard skin prick test (SPT) will be performed to determine the allergy status of the 

participants following the departmental SOP. In short, a drop of different allergen extracts will be placed 

on participant's inner forearm. The skin will be pricked through the drop using the tip of a lancet. Fifteen 

minutes later, the diameter of the ‘wheal’ will be measured with a ruler to check for positive reaction(s). 

The size of the reaction weal will be recorded in the CRF as source data. Skin prick tests will be performed 

when the patient has been off antihistamines for 72 hrs. 

Blood: Venepuncture will be conducted according to the department SOP.  

Nasopharyngeal Swabs: Nasopharyngeal swabs will be collected according to the departmental SOP.   

FeNO: FeNO will be determined using the NIOX VERO (Circassia) according to the manufacturer’s 
instructions and the department SOP. In short, the procedure includes an exhalation to RV, followed by an 

 
 

Visit 1 
 

Visit 2 

 
Visit name 

baseline 

assessment 
 

Reproducibility 

assessment 

Demographics/ Clinical history ✔  

Symptoms  ✔ ✔ 

Chronotype ✔**  

VOCs ✔ ✔ 

PExA ✔ ✔ 

MBW ✔ ✔ 

FeNO ✔ ✔ 

Skin prick test ✔*  

Blood ✔  

Pregnancy test (if applicable) ✔  

Spirometry ✔ ✔ 

AOS ✔ ✔ 

BDR ✔  

Nasopharyngeal swab ✔ ✔ 

Inflammacheck (children) ✔† ✔† 

Ventica (children) ✔*†  

GP Letter ✔∞ ✔∞ 

*Can be completed at any visit (visit 1 or visit 2)  † if equipment available, ** complete once only, 

and can be completed at any visit during study period. ∞only if abnormal results or concerns 

 



                                      

RADicA Protocol Version number V8.1_22/02/2023   

Page 37 of 68 
 

inhalation through the device filter to TLC. Participants then make a controlled exhalation for 10 s at a 
standardised flow rate. FeNO will be recorded in the CRF as source data.  

For home-based testing, NOBreath (intermedical) will be used according to the manufacturer’s 
instructions.  
 

VOCs: Breath samples will be collected using the ReCIVA breath sampler (Owlstone, Cambridge, UK) 
following the department’s SOP. Participants will wear the mask and breathe tidally during the sampling 
period, which typically takes 6-10 minutes. Samples are collected onto 10cm long steel tubes packed with 
adsorbent material (Tenax GR) that traps VOCs.  These tubes are stored at 4oC until analysis (within two 
weeks). Samples will be analysed at the Manchester Institute of Biotechnology using our existing 
methodology45 

AOS: Airways resistance and reactance will be measured using the THORASYS tremoFlo® C-100 Airwave 
Oscillometry System™ (AOS), in accordance with manufacturer’s instructions and department SOP. The 
TremoFlo device waveform consists of a multi-frequency composite oscillatory pressure waveform of about 
0.5 to 1 cm H20 amplitude (1 to 2 cmH20 peak-peak) generated by a self-actuated oscillating mesh-screen 
piston within the device. This pressure waveform was superimposed on the subject’s normal breathing and 
consists of oscillatory components at 5, 11, 13, 17, 19, 23, 29, 31 and 37 Hz. In brief, participants will be 
seated with their head in the neutral position. Wearing a nose-clip, participants will be instructed to firmly 
hold their cheeks, as to minimize the upper airway shunt artefact, and breathe tidally through the device. 
Measurements consist of 16 seconds recordings and the procedure will be repeated in triplicate. Data will 
be saved electronically and printed for the CRF as source data. 

PExA: PExA will be assessed using the PExA 2.0 device according to the manufacturer’s instructions and the 
department SOP. In short, participants are required to exhale to residual volume (RV) (thereby closing the 
small airways), inhale to total lung capacity (TLC) (vaporising the liquid particles in the airway fluid), and 
exhale through a mouthpiece into the device. Exhaled particles are then collected on a substrate surface 
within the device. The PExA 2.0 provides real-time analysis of the number of collected particles in the range 
of 0.5-4.5 microns, which will be recorded in the CRF as source data.  Samples will be stored for future 
analysis. 

Multiple Breath Washout (MBW): MBW is performed using a modified INNOCOR gas analyser (Gonem et 
al, 2014). Participants wear a nose clip and breathe a known concentration (0.2%) of an inert and non-
absorbed gas, sulphur hexafluoride (SF6), via a mouthpiece connected to the INNOCOR device, until the 
concentration in their exhaled breath reaches a steady state (the wash-in phase). Participants are then 
switched to breathing room air and encouraged to maintain a steady respiratory frequency of 12 breaths 
per minute and a tidal volume of approximately 1 litre, making use of a real-time display of these 
parameters. The concentration of SF6 in exhaled breath is recorded during this ‘wash-out’ phase until it 
reaches 1/40 of the original concentration (0.005%). A number of parameters are derived from the raw 
MBW data using custom software, including Scond and Sacin. Scond is thought to represent ventilation 
inhomogeneity arising from conductive airway disease, while Sacin represents ventilation inhomogeneity 
arising from acinar airspace disease. 

Spirometry / bronchodilator reversibility: Spirometry will be conducted according to the department SOP 
and the American Thoracic Society / European Respiratory Society (ATS/ERS) guidelines.46 This involves the 
participant maximally exhaling from TLC into to a spirometer. Lung volume (FVC) and expiratory flow rates 
(FEV1, FEF25-75 and PEF) will be recorded and used for analysis. A printout of the results will be filed in the 
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CRF as source data. A bronchial reversibility challenge will also be conducted according to the department 
SOP. In short, baseline spirometry will be recorded, as described above. Participants will then be provided 
with a Salbutamol inhaler and spacer. Participants will be instructed to take one maximal inhalation of 
salbutamol (100mcg) via the spacer and hold their breath at TLC for 10s. The process repeated until 400mcg 
salbutamol has been delivered. Fifteen minutes following the final inhalation of Salbutamol, post-BD 
spirometry will be performed. The absolute and percentage change in lung function will be calculated and 
a positive challenge is considered if FEV1 and/or FVC increases by ≥12% and 200mls. Printouts of the 
spirometry data will be stored in the CRF as source data. 

Home hand-held spirometer (Spirobank smart, intermedical) will be used for optional home-based testing 
and will be used according to the manufacturer’s instructions using the same breathing technique as above. 
The flow volume loop and report will be sent as PDF files by the participants to the study team.  
 

Peak flow monitoring: Peak flow will be measured by participants in the morning and evening. Data will be 
collected and stored in the CRF as source data. 

Methacholine challenge: A methacholine challenge will be used to test for BHR in a subset of participants. 
The challenge will be conducted according to the department’s SOP. In short, quadrupling doses of 
methacholine will be inhaled using the tidal breathing protocol (Crapo et al., 2000). After each dose 
spirometry will be measured. The challenge will stop when a reduction in FEV1 of 20% is noted or the 
maximal dose of 16mg/ml is delivered. The provoking dose and fall in FEV1 will be recorded in the CRF as 
source data.  If bronchoconstriction fails to return to baseline (within 10% of baseline) or the fall in FEV1 > 
45% after methacholine and/or the participant reports respiratory distress, a standard dose of the 
bronchodilator salbutamol (200 ug) will be administered by inhalation via a spacer device. 

Sputum: Sputum will be collected at any point where it is expectorated voluntarily as per departmental 
SOP. This will most likely occur at core visit 2 methacholine challenge but could be collected at any visit.  

Inflammacheck:  Breath samples will be collected using the Inflammacheck handheld device following the 
department’s SOP. In brief, subjects (aged ≤ 18 years) will be seated and asked to breath normally into the 
device via a disposable filter/mouthpiece for up to 3 minutes (or until the device registers an appropriate 
sample collection), wearing a nose clip (if equipment is available). Length of time taken to collect sample 
will be recorded. H2O2, CO2, exhaled breath flow, exhaled temperature and relative humidity will be 
recorded in CRF when results are displayed. Data will also be downloaded via USB to external PC 

Ventica: In brief, the Ventica system comprises four skin electrodes, a portable recorder device in a shirt 
pocket and an analysis software which is run on a computer after the recording. The Impedance 
Pneumography (IP) technique measures changes in the electrical conductivity of the thorax which are 
linearly proportional to changes in lung volume (i.e., breathing). By differentiating the (lung volume-
oriented) IP signal over time, a relative flow rate signal is also obtained. All recordings will be analysed using 
commercial software (Ventica Analytics 2.1.0) to produce Expiratory Ventilation Index (EVI) values. 
EVI is derived by calculating Pearson correlations between all partial (15-45 % of exhaled volume), 
averaged (5-minute window) tidal breathing flow-volume (TBFV) curves recorded from the duration of the 
night’s sleep resulting in a large number of correlation values (several thousands). The result is given as EVI 
= [ log10 [IQR(r)] + 2 ] * 10, where IQR(r) is the inter-quartile range of the correlations. Thus, low EVI value 
indicates reduced variability of the curves. Curve part of 15-45 % of exhaled volume is used as this has been 
found most sensitive to discriminate between healthy and obstructive subjects. Sections of recordings 
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containing distortions due to movement, crying etc. are automatically rejected from the analysis by the 
software. If there is less than 5 hours of acceptable data, the software does not give an EVI result. 
Children aged 5-12 years of age (less than 160cm in height), will be asked if they would be willing to take 
the Ventica system (Ventica Recorder, Revenio Research Ltd., Finland) home with them to use on 1 or 2 
consecutive nights to measure tidal breathing. Parents will have the system demonstrated to them (if 
equipment is available) at a baseline visit and CV2 and a parent guide given to them to take home. Parents 
will need to stick the 4 small electrodes onto the child’s skin in the positions demonstrated (chest wall and 
upper arms) and attach these to the Ventica recorder and press the start button. The child is given a cotton 
T-shirt to wear which has a tiny pocket sewn in, in which the recorder can be placed, so that the child can 
move freely during sleep without the electrodes or recorder getting in the way. In the morning, the parent 
simply removes the T-shirt and electrodes and switches off the device. We will ask the parent to return it 
at their earliest convenience or at the child’s next visit. 
 

 Specific Procedures (optional Visits) 
 

Mannitol: The Mannitol challenge will be conducted in accordance with the manufacturer’s guidelines 
(Aridol, Pharmaxis) and department SOP. Following the baseline spirometry, participants will inhale 
doubling doses of mannitol. After each dose, lung function will be measured with spirometry, until a 
reduction in FEV1 of 15% is recorded or the maximum dose achieved. The provoking dose and fall in FEV1 
will be recorded in the CRF as source data. If bronchoconstriction fails to return to baseline (within 10% of 
baseline) or the fall in FEV1 > 45% after mannitol and/or the participant reports respiratory distress, a 
standard dose of the bronchodilator salbutamol (200 mcg) will be administered by inhalation via a spacer 
device. 

Bronchoalveolar lavage (BAL) fluid: BAL will be collected during bronchoscopy according to department 
SOP. 

 

 Analysis of samples 
Following analysis results will be retained in the CRF as source data. Various research teams will be 
responsible for the analysis of different aspects relating to the specific study objectives, as detailed below: 
 

 Blood  
Analysis will include blood eosinophil count, IgE and blood corticosteroid measurement using standard 
methods. Additional analysis will include metabolomics, Cell culture, immune cell count, measures of 
immune cell activation (including Mbd2, CCL17, CCR4), YKL-40 (CHI3L1), AMCase (CHIA), and 
Chitotriosidase (CHIT1) (pending funding). Where consent is obtained blood will be stored for future use. 
 

 Nasopharyngeal Swabs  
Nasopharyngeal swabs will be collected and analysed for metagenomics/viromics at the University of 
Manchester. 
 

 VOCs  
VOCs will be analysed using mass spectrometry at the Manchester Institute for Biotechnology as previously 
described47  
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 PExA samples  
Particles counts will be available at the time of collection. The substrate membranes will then be stored in 
Eppendorfs at -80°C for use in future research projects. It is anticipated that phospholipids and proteins 
content will be analysed using LC-MS/MS and/or ELISA.  
 

 Sputum 
Sputum will be analysed for differential cell count and for cell surface markers.   Additional analysis will 
include: Cell culture, immune cell count, measures of immune cell activation (Mbd2, CCL17, CCR4), YKL-40 
(CHI3L1), AMCase (CHIA), and Chitotriosidase (CHIT1) (pending funding). Where consent is obtained 
sputum will be stored for future use. 
 

 BAL 
BAL will be analysed for FACS (immune cell count), cell culture, immune cell count, and measures of immune 
cell activation (Mbd2, CCL17, CCR4). Additional analysis will include: YKL-40 (CHI3L1), AMCase (CHIA), and 
Chitotriosidase (CHIT1) (pending funding). Where consent is obtained specimens will be stored for future 
use. 
 

 Assessment of Safety 

 Safety reporting 
All Adverse events (AE) or serious adverse events (SAE) (see definition, section 6.1.1) will be reviewed by 

the PI or an authorised member of the research team and causality will be categorised as defined below 

(c.f. Section 6.1.1)  

 Definitions 
 
Adverse Event (AE): An AE is any untoward medical occurrence in a participant taking part in a clinical trial 
which does not necessarily have to have a causal relationship with the study drug under investigation. An 
AE can therefore be any unfavourable and unintended sign (including an abnormal laboratory finding), 
symptom or disease temporally associated with the use of the study drug, whether or not this has a causal 
relationship with the drug under investigation. 
 
Serious Adverse Event (SAE): A serious adverse event is any untoward medical occurrence that: results in 
death; is life-threatening (The term ‘life-threatening’ in the definition of ‘serious’ refers to an event in which 
the participant was at risk of death at the time of the event; it does not refer to an event which 
hypothetically might have caused death if it were more severe); requires inpatient hospitalisation or 
prolongation of existing hospitalisation; results in persistent or significant disability/incapacity; is a 
congenital anomaly/birth defect; results in other important medical events (other events that may not 
result in death, are not life threatening, or do not require hospitalisation, may be considered a serious 
adverse event when, based upon appropriate medical judgement, the event may jeopardise the participant 
and may require medical or surgical intervention to prevent one of the outcomes listed above.) 
 
Causality: The relationship between an adverse event and the study drug or procedure will be assessed and 
categorised as below. The assessment will be based upon the PIs clinical judgement to determine the 
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relationship, considering alternative causes, such as natural history of the disease process, concomitant 
therapy and other risk factors. Results may be: not related; unlikely to be related; possibly related; probably 
related; definitely related. 

 

 Recording and reporting of AE/SAE  
 

 Recording Adverse Events and serious adverse events 
All AEs and SAEs will be recorded from the time the participant is recruited into the study until the 
completion of the final visit or the subject has been withdrawn. AEs will be assessed by the local PI for 
causality, intensity, seriousness, and expectedness. All AEs will be recorded on the AE log. All SAEs must be 
recorded on the SAE form and the SAE form must be faxed to the RADicA Trial Manager and Sponsor within 
24h. Research Ethics committee will also be informed.  All SAE forms will have an assessment of relatedness 
and expectedness. When an AE/SAE occurs, it will be the responsibility of the Investigator to review all 
documentation (e.g., hospital notes, laboratory, and diagnostic reports) related to the event. The 
Investigator will then record all relevant information in the AE log and on the SAE form (if the AE meets the 
criteria of serious). This responsibility may be delegated to a member of the research team. Assessment of 
events may be delegated to other suitably qualified physicians in the research team who are trained in 
recording and reporting AE/SAEs. 

 

 Reporting of SAEs 
Once the Investigator becomes aware that an SAE has occurred, they will report the information to the Trial 
Manager within 24 hours. If the Investigator does not have all information regarding a SAE, they will not 
wait for this additional information before notifying the Trial Manager. The form will be updated when the 
additional information is received. All reported SAEs if considered by the PI to be possibly, probably or 
definitely related to the study procedures will be expedited to the Sponsor, REC within 7 days of becoming 
aware of the event. Listings of adverse events will be provided to the Sponsor when requested.  
 

 Follow-up of subjects after adverse events 
After initially recording and reporting an AE/SAE, the Investigator will be required to follow each AE/SAE 
until resolution or death of the subject. Follow up information on a SAE will be reported to the Trial 
Manager. AEs still present in subjects at the last study visit will be monitored until resolution of the event 
or until no longer medically indicated. 

 Notification of deaths 
All deaths will be reported to the PI irrespective of whether the death is related to underlying disease, the 
IMP or an unrelated event. All deaths, including deaths deemed unrelated to the IMP, if they occur earlier 
than expected will be reported to the sponsor”. 
 

 Pregnancy reporting 
Post pubescent females of child-bearing potential will be asked to confirm that they are not pregnant. 
Where there is any doubt urine pregnancy testing will be undertaken and they will be advised to notify the 
investigator immediately if they become pregnant at any stage of the study, at which point we would 
withdraw the participant from the study and seek GP advice. Pregnancy is not considered an AE unless a 
negative or consequential outcome is recorded for the mother or child/foetus. If the outcome meets the 
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serious criteria, this would be considered an SAE. Complications in relation to pregnancy must be reported 
as AEs.  
 

 Overdose 
For the purpose of this study an overdose is defined as the consumption of a drug in quantities greater than 
recommended in the summary of product characteristics information. The PI must be notified if any 
overdose has occurred and information regarding the overdose must be recorded on the deviation log. 
Overdoses can be observed from the medication adherence device, drug charts, or patient comments. If an 
SAE is associated with the overdose this must be reported and recorded as described in section 6.2 and 6.3 
respectively. 
 

 Treatment Stopping Rules 
If a patient develops a significant oral thrush or an unforeseen adverse effect to the inhaled corticosteroid 
happens, the treatment will be stopped and the patient withdrawn from the study. The trial might be 
prematurely discontinued by the sponsor, CI or regulatory authority on the basis of any new safety 
information. 
 

 Data Handling 

 Data monitoring plan 
This study will be monitored by the Sponsor. 

 Baseline data 
Data from this study will be collected onto paper CRFs and later inputted onto an electronic database. 

The data will be entered by a trained site investigator/research staff in accordance to guidelines. All CRFs 

must be completed in English. 

 What to record in the medical records?  
Information about the study, time and day of consent will be recorded. A copy of the PIS and GP letter will 

be attached. Procedures will be documented for each visit. 

 Access to data 
The completed CRFs are the property of the sponsor and must not be made available in any form to third 
parties (except for authorised representatives of appropriate governmental health or regulatory 
authorities) without written permission of the sponsor. 

 Archiving 
All research related documentation including the site file, case record forms etc will be kept with the 
Principal Investigator until all the data has been analysed. Then it will be boxed and archived offsite.  When 
the documents are over 10 years old they can be destroyed, but prior to destruction, a log will be made of 
all the documents that are being destroyed. 
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 Statistics and data analysis 
 

The department statistician, Philip Foden, has provided guidance on sample sizes and data analysis. Philip 
Foden is no longer in post and the analysis plan has been updated (2022) by our current statisticians Emma 
Barrett and Steve Roberts.  
 

 Sample size calculation 
 
It is anticipated that approximately 60% of participants will fulfil the criteria of asthma48 and 50% will fulfil 
the criteria of steroid-responsive airways disease.49,50 Sample size is based on the minimum of 10:1 events-
to-variable ratio for logistic regression in order to avoid overfitting 51. With 120 (72 with and 48 without 
asthma) participants in the study, a multivariable logistic regression analysis, the primary analysis, can 
include 5-6 variables. The co-primary outcome of SRAD (60 with and 60 without SRAD) can include 6-7 
variables. In order to account for potential drop outs (estimated 10-20% maximum), we aim to recruit up 
to 150 participants. We would like to analyse adults and children separately as the algorithms for diagnosis 
are (slightly) different and the underlying pathophysiology may differ. Therefore, we aim to recruit 150 
adults and 150 children. 
 
In relation to secondary objectives 2c and 2d, approximately 150 age and gender matched healthy controls 
will be recruited on a 1:1 ratio with each of the 150 suspected asthma adult and children cohorts, to 
calculate reference intervals for small airways and experimental biomarkers. For non-parametric 95% 
reference intervals with 90% confidence intervals around the interval limits, Reed recommends a minimum 
of 120 participants.52   
 
In relation to secondary objectives 2o and 2p, to assess feasibility of home-based testing, a sample size of 
24-50 is recommended53-55. We aim to recruit 50 patients into the optional home-based testing and 
estimate a minimum of 40 completing the study. Therefore we aim to further recruit a total of 100 adults 
assuming 1:1 ratio to include or opt out of the home-based testing option. 
 

Planned recruitment rate 
We anticipate 1-2 participants will be recruited per week. 
 

 Statistical analysis plan 

 Primary outcome analysis 
 
Primary objective 1a. Determine the optimum diagnostic cut-offs for a rule-in test for asthma based on 
conventional tests of large airway function and novel tests of small airway function and propose an 
optimum diagnostic pathway. 
 
 
Asthma definition i: Overall clinical diagnosis at the end of the study. Asthma will be defined on the basis 
of symptom consistent with asthma and objective evidence (where available) determined by observation 
of PEF chart, spirometry pre- and post-salbutamol, bronchial challenge results, FeNO, eosinophils, SPT and 
response to treatment (where available). This is assessed by at least 2 senior and experienced respiratory 
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physicians/paediatricians and forms the basis of the advice to GP about ongoing treatment for the 
participant. Subjects will be categorised as asthma, not asthma, possible asthma or insufficient evidence. 
 
Asthma definition ii:  Asthma will be diagnosed based on clinical symptoms and signs alone, recorded in a 
standardised format and three clinicians will be asked to score asthma as high probability, intermediate 
probability or low probability asthma, based on information collected in the structured clerking proforma. 
When 2 out of three scored an individual as high or intermediate probability asthma, the individual was 
classified as “asthma”. In the event of 2 or more scoring low probability the subject was classified as “not 
asthma”.  
 
Asthma definition iii: Asthma will be defined on the basis of symptom consistent with asthma and objective 
evidence of variable airflow obstruction, (one of: diurnal PEF variability ≥ 20% measured over two weeks, 
bronchodilator reversibility (FEV1 ≥ 12% and 200ml to 400mcg salbutamol, bronchial hyper-responsiveness 
to methacholine and/or mannitol) 
 
 
 
 
Single variable and multivariable approaches will be used to determine the relationship between asthma 

(definition i or ii) and the following outcome measures: 

• Spirometry: FEV1/FVC  

• BDR: ΔFEV1  

• FeNO: ppb  

• PEFv: %  

• BHR mannitol: PD15, or DRR 

• BHR methacholine:PD20, or DRR 

• AOS 

• MBW 

• Blood eosinophils 

• Skin prick tests 

• Specific IgE tests 

 
Univariate logistic regression analysis will be used to investigate the association between each of the 
outcome measures and asthma. Each continuous variable will be included in its original form and 
dichotomised according to the pre-defined and rule-in test cut-points. Odds ratios (ORs) and 95% 
confidence intervals will be reported. 
Receiver Operating Characteristic (ROC) curve analysis will be used for each continuous outcome. Cut-
points for the dichotomisation of these continuous outcomes will be determined for optimising a rule-in 
diagnosis of asthma, by maximising sensitivity with minimum specificity of 95%. Measures of diagnostic 
accuracy will be reported for both the previously defined cut-points (c.f. section 3.3. Table 1), and for the 
rule-in test cut-points.  
Three approaches to creating an optimum series of investigations to predict asthma in adults and children 
will be used. The first will be to use multivariable logistic regression with model selection e.g., Least 
Absolute Shrinkage and Selection Operator (LASSO). In the primary analysis, age will be included alongside 
four key variables of interest (PEF variability, bronchodilator reversibility, FENO and blood eosinophils). As 
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secondary analyses, age will be included as an interaction term with the variables of interest that may have 
a different relationship with asthma based on age. Potential confounders such as gender, atopy, height, 
and smoking status will be considered for inclusion in additional analyses. Further secondary analyses will 
consider other variables of interest, such as the bronchial challenge and small airway function data. The 
results of the regression analysis can be used to create a scoring system, using either continuous or 
categorical versions of the variables. This scoring system can then be used to define risk groups for asthma. 
A second approach will be to use a classification measure (such as a decision tree analysis) to determine 
the best way of discriminating between asthma and non-asthma participants. This will attempt to 
determine the best way of correctly identifying asthma using the variables of interest. The final approach 
will be to characterise the predictive power (AUROC) using bootstrapping for internal validation. 
 
Based on the above analyses we will consider practicalities, cost and clinical judgement to propose the 
optimum pragmatic diagnostic algorithm which could be tested in future studies. 

 

Primary objective 1b. Determine the optimum diagnostic cut-offs for a rule-in test for SRAD in adults and 
children based on conventional tests of large airway function and novel tests of small airway function and 
propose an optimum diagnostic pathway.  
 
SRAD will be defined as improvement in symptoms, airway physiology, inflammatory profiles and/or clinical 
impression following 6-8 (but up to 14) weeks of ICS treatment. Patients will be categorised as symptom 
responsive (Primary endpoint), physiological responsive (secondary endpoint), and clinically responsive 
(secondary endpoint), as follows:  
 
SRAD i: Symptom responsive (0.5 unit improvement in ACQ-5 OR) 

SRAD ii: Physiological responsive (12% and 200mls improvement in FEV1 and/or FVC, or 1 DD improvement 

in PD15Mann or PD20MCh)  

SRAD iii: Clinically responsive (clinical impression of “ICS responsive” from the patient and 2 of 3 clinicians 

who have access to all investigational data)  

Single variable and multivariable approaches will be used to investigate the relationship between steroid 

responsive airways disease and the following outcome measures: 

• Spirometry: FEV1/FVC  

• BDR: ΔFEV1  

• FeNO: ppb  

• PEFv: %  

• BHR mannitol: PD15, or DRR  

• BHR methacholine: PD20, or DRR 

• AOS 

• MBW 

• Blood eosinophils 

• Skin prick tests 

• Specific IgE tests 
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Analysis will be conducted as per primary objective 1a 

 

 Secondary outcome analysis 
 

2a. Evaluate the accuracy of the National Institute for Health and Care Excellence (NICE) asthma diagnostic 
algorithms and compare performance with new proposed algorithm (from 1a).   

 

• The proposed NICE diagnostic algorithm will be followed to categorise patients and compare this to 
our classifications from the primary outcome, asthma (definitions i and ii) or SRAD (definitions i-iii). 
AUROC analysis will calculate the sensitivity, specificity, positive predictive value and negative 
predictive value of the NICE diagnostic pathway to identify asthma.  We will compare the NICE 
algorithm to algorithms developed in objective 1 

• Formally quantify any improvement in these measures (numbers of successfully completed tests, 
number of measurements required, time taken to make measurements etc)  

 
2b. Identify the best predictor(s) response to inhaled corticosteroids (ICS, at 6-14weeks) from 
measurements taken at baseline and/or early treatment (1-2 weeks)  
 

• As per analysis for Primary objective 1b, but with outcomes collected at 1-2 weeks of treatment. 
 
2c. In healthy volunteers, establish reference intervals and calculate repeatability coefficients for MBW, 
and AOS where there is a lack of evidence on what threshold constitutes a ‘normal’ set of values 
 

• Healthy controls will be recruited to calculate reference intervals for small airways parameters, 
which lack clear evidence on which threshold constitutes a ‘normal’ value10,56-58 and to calculate 
repeatability coefficients, to determine what constitutes an important change in asthma following 
ICS treatment. 

 
2d. In healthy volunteers, establish reference values and calculate repeatability coefficients for PExA and 
VOCs, where there is almost no evidence on what threshold constitutes a ‘normal’ set of values. 
 

• Healthy controls will be recruited to calculate exploratory reference and to calculate repeatability 
coefficients, to determine what constitutes an important change in asthma following ICS treatment 

 
2e. Identify the profile of biomarkers in VOCs, and PExA which best predict asthma diagnosis. 
 

• Principal component analysis and multivariable logistic regression of VOCs in exhaled breath will be 
used to calculate the prediction probability for asthma and steroid responsive asthma (definitions 
as above) 

 

2f. Evaluate whether markers of immune cell activation predict asthma and predict response to treatment.   

2g. Evaluate the predictive capacity of upper respiratory viral biomarkers  
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2h. Determine the optimum diagnostic pathway based on conventional tests of large airway function and 
novel tests of small airway function in a) adults and older children (≥12 yrs) and b) younger children (<12 
yrs) 

• Separate subgroup analyses for adults and older children (≥12 yrs) and younger children (<12 yrs) 
will be performed. The analysis will be conducted as per primary objective 1a. The analyses will be 
considered exploratory due to the limited numbers in each subgroup.  

2i. Evaluate the diurnal pattern of symptom variations in asthma diagnosis in a) adult and older children 
(≥12 yrs) and b) younger children (3-12 yrs). 

• Diurnal pattern of symptoms will be adjusted for choronotypes. 
2o.To evaluate the feasibility of using home-based spirometry and fractional exhaled nitric oxide (FeNO) 
for asthma diagnosis in adults.  

• Recruitment and attendance at visits.  
• Proportion of participants providing ≥50% and ≥25% of requested home measurements over 
monitoring period; proportion of participants providing multiple measurements on ≥2 and ≥4 days;  
• Home equipment loss/damaged/failure rate.  
• Reasons for test failures  
• Metrics in diurnal and day-to-day variabilities in asthma and non-asthma  
• Discriminative ability (area under the receiver operating characteristic curve) of candidate 
diagnostic metrics for asthma versus non-asthma  
• Health-related quality of life (HRQoL), healthcare resource-utilisation.  
• Demographic data (gender, age, ethnicity, index of multiple deprivation, education status) of  
recruited/declined patient populations.  
• Proportion diagnosed with asthma by NICE pathway, and by expert panel  
• Descriptive statistics will be presented as mean (SD) or median (IQR) for continuous variables, and n (%) for 

categorical variables, along with a 95% confidence interval (CI) for study outcomes. 
 

The recruitment rate will be defined as the proportion of all eligible patients invited to take part in the 
study who are successfully recruited. The retention rate will be the proportion of patients recruited, who 
complete the study (defined as attendance to all clinic visits). The proportion of patients diagnosed with 
asthma based on 1) expert-panel decision and 2) NICE pathway will be summarised, and a two-way 
contingency table generated. The adherence rate is defined as the proportion of home measurements 
attempted. The proportion of lost or damaged home devices will be reported. The proportion of test 
failures, defined as invalid measurement despite attempts, will be summarised. Proportion of spirometry 
with sufficient quality (defined as quality grade “A” according to the American Thoracic Society and 
European Respiratory Society spirometry standard59, automatically reported by the device) will be 
reported. 

 
Variability in home-based FeNO and FEV1 measurements will be assessed using heterogeneous variance 
multilevel modelling, to account for the hierarchical structure of the data and to allow for the expected 
difference in variability of measurements associated with diagnosis. For the calculation of within-day, 
within-patient (between-day), within groups (between-patient) and between-groups variation, random 
effects for day, patient and diagnosis will all be included. To estimate the heterogeneity of variances at 
different levels, the random effects of day and patient will be nested within diagnosis. Additionally, the 
outcome-modifying effects of salbutamol use within 1-hour, exposure to environmental triggers, atopic 
status, and symptom severity will be explored, by including these variables as fixed effects, the estimates 
of which will all be reported.  
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2p.To identify patients’ views on perceived benefits, burdens and potential barriers of using home-based 
spirometry and FeNO for asthma diagnosis.  
 
Qualitative data will be analysed using NVivo (QSR International, Australia). Framework analysis60 will be 
used which provides clear steps to: 1) familiarise researchers with the data; 2) develop a thematic 
framework that can be applied to the transcripts; 3) label and index emerging themes and subthemes; 4) 
lift data from original context and place in charts with headings/subheadings; and 5) bring out key 
characteristics, map and interpret the data as a whole. To establish rigour of the analysis, a sample of 
transcripts will be double-coded and the coding-structure will be reviewed and discussed with members 
of the research team. 
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 Appendix 
 

 Appendix 1: Abbreviations 

 

AE  Adverse Incident 

ACQ   Asthma Control Questionnaire  

ACT  Asthma Control Test 

AHR   Airway hyperresponsiveness  

Albumin  Human serum albumin 

AOS  Airwave Oscillometry System 

AQLQ  Asthma Quality of Life Questionnaire  

ATS   American Thoracic Society  

AX   Reactance area 

BAL   Bronchioalveolar lavage  

BDP   Beclomethasone dipropionate  

BDR  Bronchodilator Reversibility  

BHR  bronchial hyperresponsiveness 

BHRmann bronchial hyperresponsiveness to Mannitol 

BHRmeth bronchial hyperresponsiveness to Methacholine 

BMI   Body mass index   

BRC   Biomedical Research Centre 

BTS  British Thoracic Society  

BUD  Budesonide 

CF  Cystic fibrosis 

COPD  Chronic Obstructive Pulmonary Disease 

CRF  Case report form 

DPI  Dry powder inhalers 

DPPC   Dipalmitoyl-phosphatidylcholine 

DSeq   Equipment dead space  

EARIP European Asthma Research and Innovation Partnership 

EBC   Exhaled breath condensate 

ELISA enzyme-linked immunosorbent assay 

eNose  electronic nose 
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FEF 50 Forced expiratory flow at 50% of vital capacity 

FeNO   Fractional exhaled nitric oxide at 50ml/s  

FEV1   Forced expiratory volume in 1 second  

FVC   Forced vital capacity  

GINA   Global Initiative for Asthma  

GP  General Practitioner 

He  Helium 

HTA  Human Tissue Act 

IC   Informed consent 

ICS   Inhaled corticosteroid  

IgE  immunoglobulins 

ILD   Interstitial Lung Disease 

AOS   Airwave oscillometry  

LABA  Long-acting β-agonist  

LCI   Lung clearance index  

LLN  Lower limit of normal 

MBW   Multiple breath inert gas washout  

LC-MS liquid chromatography and mass spectrometry 

MDI  Metered dose inhaler  

MEF 25-75 Maximum expiratory flow at 25-75% of vital capacity 

MFT  Manchester University NHS foundation trust 

MS   Mass spectrometry 

N2  Nitrogen 

NHS  National Health Service 

NICE  National Institute for Health and Care Excellence  

NIHR  National Institute for Health Research 

NO  Nitric Oxide 

O2  Oxygen 

PD15  15% fall in FEV1 from baseline during challenge test 

PD20  20% fall in FEV1 from baseline during challenge test 

PEF   Peak expiratory flow 

PEFv   Peak expiratory flow variability 

PEx   Particles in exhaled air 

PExA  Particles in exhaled air method 
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PI  Principal Investigator 

PIS  Patient Information Sheet 

PPB  parts per billion   

Q  flow 

R  Resistance 

REC  research ethics committee  

ReCIVA  

Rrs  Respiratory Resistance  

R20Hz  Resistance at 20Hz  

R5Hz  Resistance at 5Hz  

R5-R20 Frequency dependence of resistance 

RADicA Rapid Access Diagnostic for Asthma 

Raw  Airway resistance measured by body plethysmography 

Rc   Central airway resistance 

RL   Total lung resistance  

ROC   Receiver operating characteristic  

RV   Residual volume  

RTLF   Respiratory tract lining fluid  

SABA  Shot-acting β-agonist 

Sacin   Acinar ventilation heterogeneity 

SAE  Serious Adverse Event  

SAO   Small airway obstruction  

Scond   Conductive ventilation heterogeneity  

SD   Standard deviation  

SF6  Sulphur Hexafluoride 

SIGN  Scottish Intercollegiate Guideline Network 

SIII   Phase III slope  

SnIII   Concentration-normalised phase III slope 

SOP  Standard operating Procedure  

SPT  Skin Prick Test 

SRAD  Steroid Responsive Airways Disease 

TLC   Total lung capacity  

TMF  Trial Master File 

VA   Alveolar volume  
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VC   Vital capacity  

VH   Ventilation heterogeneity  

VOC   Volatile organic compound 

VT   Tidal volume  

WHO  World Health Organisation  

X  Reactance 

Xrs  Respiratory reactance  

X5  Reactance at 5Hz 

Z  Impedance 

∆FEV1 incremental change in FEV1 
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 Appendix 2: Asthma Control Questionnaire (ACQ-5) 

 

 

(Right click to open document; ACQ-5 based on general ACQ). 
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 Appendix 3: Criteria and Contraindications for mannitol challenge 
testing 

 
Criteria: 

• Subjects must be able to perform technically acceptable and reproducible spirometry before commencing 

the mannitol challenge test. 

• Confirm that the patient has not used any bronchodilators for the specified duration of action, or taken any 

short acting anti-histamines for 72 hours or long-acting anti-histamines prior to the test. 

 

Absolute contra-indications:  

• Severe airways obstruction (FEV1 < 50% predicted or < 1.0 L) 

• Recent myocardial Infarction (< 3 months) 

• Recent cerebral vascular accident (< 3 months) 

• Uncontrollable hypertension, systolic BP > 200, or diastolic BP > 100 

• Known aortic aneurysm 

• Inability to understand procedure and implication of test 

• Pregnancy 

 

Relative Contra-indication 

• Spirometry induced airway obstruction 

• Airway obstruction (FEV1< 70% predicted or <1.5 L) 

• Current upper respiratory tract infection  

• Exacerbation of asthma 

• Inability to perform accurate and reproducible spirometry 
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 Appendix 4: Contraindications for Methacholine challenge testing 
 

Absolute  

 

a) Severe airways obstruction (FEV1 < 50% 

 predicted or <1.0 L). 

b) Recent myocardial infarction (< 3 months). 

c) Recent cerebral vascular accident (< 3 months). 

d) Uncontrollable hypertension, systolic BP > 200, or diastolic BP > 100. 

e) Known aortic aneurysm 

f) Inability to understand procedure and implication of test 

 

Relative  

a) Spirometry induced airway obstruction. 

b) Moderate airway obstruction. (FEV1 < 60% predicted or <1.5 L). 

c) Recent upper respiratory tract infection (< 2 weeks). 

d) Exacerbation of asthma. 

e) Inability to perform reliable quality spirometry. 

f) Pregnancy. 
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 Appendix 5: Instructions for Inhalers 

 

1. How to use your Orange preventer Accuhaler 

2. How to use your pressurised metered dose inhaler (pMDI) 

3. How to use you blue reliever Accuhaler 
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         Appendix 6: Asthma Control Test (ACT) 
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 Appendix 7: Core Visit 4 Follow up questionnaire 

 

 Questionnaire A: Undertaken by Asthmatic cohort at 12-24 months (up 
to 48 months) follow up to be completed online or via email 

 

Submit identifiers (Name, DOB, study number from text) 

 

1) Do you still experience symptoms of? (select all that apply) 

Cough □ _________________________ 

Wheeze □ _________________________ 

Breathlessness □ _________________________ 

Chest Tightness □ _________________________ 

None of the above □ _________________________ 

 

 

2) Are you using inhalers? 

Yes □  no □ 

Inhaler 1: name/colour/strength/how often ______(free text)______ 

Inhaler 2: name/colour/strength/how often ______(free text)______ 

Inhaler 3: name/colour/strength/how often ______(free text)______ 

 

3) Do you take any tablets for asthma? 

Tablet 1: name/strength/how often ______ (free text) ______ 

Tablet 2: name/strength/how often ______ (free text)______ 

 

4) Have you be been given steroid tablets (prednisolone) from your GP or hospital doctor the last 12 

months? 

Yes □   No □ 
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If yes how many courses ______ (free text)______ 

Was this prescribed by your:   GP □   A&E Doctor□   Outpatients doctor□ 

 

5) Have you attended A&E due to your symptoms in the last 12 months? 

Yes □   No □ 

If yes how many times have you attended A&E ______ (free text for what reasons) _______ 

 

6) Have you been admitted to hospital in the last 12 months? 

Yes □   No □ 

If yes how many times ______ (free text for what reasons) _______ 

 

7) Have you been admitted to an intensive care unit in the last 12 months? 

Yes □   No □ 

If yes, free text for what reasons _______ 

 

8) Have you had a routine review of your asthma in the last 12 months? 

Yes □   No □ 

If yes was this with your GP□         Practice nurse□  Outpatients doctor□ 

 

 

9) Please answer the following questions relating to your asthma symptoms in the last 7 days 

ACQ 5 

 

10) Would you be happy for a member of the research team to contact you by phone if any further 

information is needed regarding your above answers? 

Yes □   No □ 

 

11) Please use the space below to tell us any other important information not covered by the above 

questions 
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(Free text box) 

 

 

 

 

 Questionnaire B: Undertaken by Non Asthmatic/ Possible Asthma and 
Insufficient Evidence cohort at 12-24 months (up to 48 months) follow 
up to be completed via email or phone consultation 

 

1) Do you still have any of the following symptoms? 

Cough □ _________________________ 

Wheeze □ _________________________ 

Breathlessness □ _________________________ 

Chest Tightness □ _________________________ 

None of the above □ _________________________ 

 

 

2) Are you using inhalers? 

Yes □  no □ 

Inhaler 1: name/colour/strength/how often ______(free text)______ 

Inhaler 2: name/colour/strength/how often  ______(free text)______ 

Inhaler 3: name/colour/strength/how often ______(free text)______ 

 

3) Do you take and tablets for respiratory symptoms? 

Tablet 1: name/strength/how often ______(free text)______ 

Tablet 2: name/ strength/how often  ______(free text)______ 
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4) Have you started any new medication for anything in the last 12-48 months (since you were 

seen in RADICA clinic)? 

Yes □   No □ 

Tablet 1: name/strength/how often ______(free text)______ 

Tablet 2: name/ strength/how often  ______(free text)______ 

 

5) Have you be been given steroid tablets (prednisolone) from your GP or hospital doctor the last 

12 months? 

Yes □   No □ 

If yes how many courses ______ (free text)______ 

Was this prescribed by your:   GP □   A&E Doctor□   Outpatients doctor□ 

 

6) Have you attended A&E due to your symptoms in the last 12 months? 

Yes □   No □ 

If yes how many times have you attended A&E ______ (free text) ___________ 

 

7) Have you been admitted to hospital in the last 12 months? 

Yes □   No □ 

If yes how many times ______ (free text for what reasons) _______ 

 

8) Have you been admitted to an intensive care unit in the last 12 months? 

Yes □   No □ 

If yes, free text for what reasons _______ 

 

9) Since you were seen in RADICA clinic, have you had any further investigations into your 

symptoms? 

(For example repeat breathing tests, Chest Xray, CT scan, ECG, Heart scan/ECHO) 

Yes □   No □ 

Investigation 1: Type/where was it performed/ result if known 
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Investigation 2: Type/where was it performed/ result if known 

 

10) Since you were seen in RADICA clinic, have you been referred to any other clinic? 

Yes □   No □ 

Clinic1: Name/Hospital/number of attendances/outcome 

Clinic2: Name/Hospital/number of attendances/outcome 

 

11) Have you been given a new diagnosis since you were discharged from RADICA clinic,  

Yes □   No □ 

If yes what was the diagnosis______________________________________ 

If yes was this with your GP□ Outpatients doctor□  Other_____________ 

 

 

12) If you no longer have respiratory symptoms, when did this resolve and what/if anything 

caused this 

______ (free text) ___________ 

 

13) If you currently have symptoms please complete ACQ5 

 

14) Would you be happy for a member of the research team to contact you by phone if any further 

information is needed regarding your above answers? 

Yes □   No □ 

 

15) Please use the space below to tell us any other important information not covered by the 

above questions 

______ (free text) ___________ 
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