
Supplementary Table 1 Composition of working group participating in e-surveys 

 Membership of 
Workgroup 
(n=30) 

Responded to 
Survey 1  
(n=29) 

Responded to 
Survey 2 
(n=28) 

Responded 
to Survey 3 
(n=25) 

Responded 
to Survey 4 
(n=25) 

 

• Paediatric Chest Physician 

• Adult Chest Physician 

• Nurse Specialist 

• Specialist physiotherapist 

• Patient representative 
 

 
19 
6 
1 
1 
3 
 

 
18 
6 
1 
1 
3 

97% 

 
18 
5 
1 
1 
3 

93% 

 
16 
6 
1 
1 
1 

84% 

 
16 
6 
1 
0 
2 

84% 

Countries of participants Australia, Austria, Belgium, Cyprus, Czech Republic, Denmark, France, 
Germany, Israel, Italy, the Netherlands, Norway, Portugal, Spain, Switzerland, 
Turkey, the United Kingdom 
 

Gender 17 female (57%) 

  



Supplementary Table 2: Manuscripts concerning respiratory exacerbations in patients with cystic fibrosis (CF) and bronchiectasis which were reviewed, and 

contributed to the framework for our decision making.  

Fuchs_1994. 
(1) 

Effect of aerosolized recombinant human DNase on 
exacerbations and Pulmonary function. 

CF Used the following definition of exacerbation for the trial: Parenteral 
antibiotics for any 4 of the following 12 signs or symptoms:  
1. Change in sputum 
2. New or increased haemoptysis 
3. Increased cough 
4. Increased dyspnea 
5. Malaise, fatigue or lethargy 
6. Temperature above 38˚C 
7. Anorexia or weight loss 
8. Sinus pain or tenderness 
9. Change in sinus discharge 
10. Change in physical examination of the chest 
11. Decrease in pulmonary function of 10 per cent or more from a 

previously recorded value 
12. Radiographic changes of a pulmonary infection 

Kanga_1999. 
(2) 

Validation of scoring system to evaluate changes on 
clinical condition around the time of a pulmonary 
exacerbation as a surrogate for pulmonary function 
testing. 

CF Children The scoring system included 5 symptoms: 
1. Cough 
2. sputum production 
3. appetite 
4. shortness of breath, and  
5. energy level 
and 5 physical findings 
1. temperature 
2. respiratory rate/retractions 
3. weight 
4. air exchange, and  
5. crackles 
Each symptom or sign was graded on a 5-point scale for a maximum score of 
50 points 



Rosenfeld_200
1.(3) 

Assessments of >100 physicians as to whether 
subjects enrolled in the placebo arm of a trial of 
tobramycin were experiencing an exacerbation. Data 
was used to develop two scoring systems. 

CF The 2 proposed candidate scores were based on symptoms: 

Changes over the preceding 2 weeks in 

- exercise tolerance or dyspnea with exertion,  
- cough, 
- sputum production/ chest congestion, 
- school/work absenteeism,  
- and appetite 

 
and physical examination findings: 

- increased adventitial sounds on auscultation of the chest.  
- The second score also includes change in FEV1 over the preceding 

month.  
 

Rabin_2004.(4
) 

Developed a model using 9 clinical signs and 
symptoms that prompted clinicians to prescribe 
antibiotics 

CF The presence of >3 characteristics was strongly associated with the 
occurrence of a treated exacerbation: 
Patients <6 years of age,  
1. new crackles,  
2. increased cough frequency, 
3. decline in weight,  
4. increased sputum production.  
 
Patients ≥6 years of age: 
1. decrease in FEV1% predicted  
2. increased cough frequency,  
3. new crackles,  
4. hemoptysis 
 
 

Treggiari_2009
. (5) 

Randomized trial of four anti-pseudomonal 
treatment regimens following first isolation. The 

CF patients 
ages 1-12 
years 

The presence of a pulmonary exacerbation is established by: one of the 
major criteria alone or two of the minor signs/symptoms and fulfilment of 
symptom duration. 



primary endpoints of the trial were the time to 
pulmonary exacerbation. (EPIC Study) 

Major criteria:  
6(1) Decrease in FEV1 of ≥10% from best baseline within past 6 months, 
unresponsive to albuterol  
(2) Oxygen saturation <90% on room air or ≥5% decline from previous 
baseline 
(3) New lobar infiltrate(s) or atelectasis on chest radiograph 
(4) Hemoptysis (more than streaks on more than one occasion in past week) 
 
Minor signs/symptoms:  
criteria (in the absence of major criteria) 
(1) Increased work of breathing or respiratory rate 
(2) New or increased adventitial sounds on lung exam 
(3)Weight loss ≥5% of body weight or decrease across 1 major percentile in 
weight percentile for age in past 6 months 
(4) Increased cough 
(5) Decreased exercise tolerance or level of activity 
(6) Increased chest congestion or change in sputum 
 
Signs/symptom duration: (1) Duration of sign/symptoms ≥5 days or 
significant symptom severity 

Saiman_2010. 
(6) 

Effect of azithromycin on 
pulmonary function in patients with cystic fibrosis 
uninfected with 
Pseudomonas aeruginosa: a randomized controlled 
trial. 

CF child>6 
years 

Pulmonary exacerbations were defined as previously described by Treggiari 
2009, using major and minor criteria, with the exception that the duration of 
minor criteria symptoms was at least 3 days rather than 5 days. 

Bilton_2011. 
(7) 

EuroCareCF Working Group consensus statement for 
defining exacerbations for clinical trials- reviewed 
different approaches 

CF A. Symptom defined requirement to treat: The consensus was that the 
clinical need for treatment indicated by a recent change in clinical 
parameters provides the best definition of an exacerbation using Fuchs 
1994 or a modified Fuchs: 
need for additional 
antibiotic treatment as indicated by a recent change in at least 
two of the following: 
• Change in sputum volume or colour 



• Increased cough 
• Increased malaise, fatigue or lethargy 
• Anorexia or weight loss 
• Decrease in pulmonary function by 10% or more / Radiographic 
changes 
• Increased dyspnoea 

B. Physician defined requirement to treat: Simple definition. There are 

variations in the trigger for treatment; therefore not recommended as a 

defining characteristic on its own. 

C. Scoring system to define exacerbation e.g. Rosenfeld et al. The 
consensus was that the scoring system should not be used because the 
defining score does not always correlate with a change in treatment. 

D. Symptom cluster that defines need for treatment e.g. Rabin et al. easy 
to apply, therefore not recommended at the time of the consensus.  

Rosenfeld_201
2. (8) 

Inhaled hypertonic saline: the ISIS randomized 
controlled trial. 

CF infants and 
children <6 
years 

Treatment with antibiotics for 1 or more pre-specified signs and symptoms: 
1. O2 saturation <90% or >5% drop 
2. New infiltrate on X-ray 
3. Hemoptysis 
4. Increased work of breathing 
5. Increased cough 
6. Decreased exercise tolerance 
7. Increased chest congestion/change in sputum 
8. New/increased adventitial sounds on exam 
9. >5% weight loss 

 

Kapur_2012. 
(9) 

Developed a model using clinical data from a cohort 
of 69 children who had 81 exacerbations over 900 
child-months. 

Childhood 
bronchiectasis 

The criteria were classified as follows: 
(I) Major Criteria 
(1) Significant frequency of cough (median cough score 2) over 72 hrs. 
(2) Wet cough for 72 hrs. 
 
(II) Minor Criteria 
(1) Sputum colour 3 on BronkoTestTM. 
(2) Parent/child perceived breathlessness. 



(3) Chest pain. 
(4) Crepitations. 
(5) Wheeze. 
(6) Hypoxia. 
 
(III) Laboratory Criteria 
(1) CRP >3 mg/L on high sensitive testing. 
(2) Serum IL6 >2 ng/L. 
(3) SAA >5 mg/L. 
(4) Raised neutrophil % (age appropriate). 
 
A) One Major criteria PLUS any one Laboratory criteria positive 
B) Two Major criteria positive 
C) One Major criteria PLUS any two minor criteria positive 

Lechtzin_2013
. (10) 
 
Lechtzin_2017
. (11) 

A randomized trial of home electronic symptom and 
lung function monitoring for early detection of 
pulmonary exacerbations 

CF The presence of a protocol-defined pulmonary exacerbation was defined by 
one major criteria alone or two of the minor signs/symptoms and 
fulfilment of symptom duration: 
Major criteria:  
(1) Absolute decrease in FEV1 (L) of ≥10% from best baseline at study 
initiation using office spirometry, unresponsive to albuterol (in participants 
able to reproducibly perform spirometry) 
(2) Oxygen saturation <90% on room air or absolute decrease of ≥5% from 
previous baseline 
(3) New lobar infiltrate(s) or atelectasis on chest radiograph 
(4) Hemoptysis (more than streaks on more than one occasion in past week) 
 
Minor signs/symptoms:  
(1) Increased work of breathing or respiratory rate 
(2) New or increased adventitial sounds on lung exam 
(3) Weight loss ≥5% of body weight or decrease across 1 major 
percentile in weight percentile for age in the past 6 months 
(4) Increased cough 
(5) Decreased exercise tolerance or level of activity 



(6) Increased chest congestion or change in sputum 
 
Sign/symptom duration: (Required with two minor signs/symptoms in 
absence of major criteria): 
Initial sign or symptom present for ≥3 days 
Duration of sign/symptoms ≥3 days 
 

Waters_ 2015. 
(12) 

Review of pulmonary exacerbations in children with 
CF 

CF children Issues highlighted in the review include: 
1. The classic definition of exacerbation, which relies on antibiotic use 

and respiratory signs and symptoms based on the Fuchs criteria, 
may also not capture the spectrum of milder lung disease in infants 
and young children with CF 

2. Saiman et al. 2010 azithomycin study defined exacerbations based 
on signs and symptoms alone. Most exacerbations were not 
associated with severe symptoms. This type of exacerbation 
definition may thus be more appropriate in young children with 
milder CF lung disease. 

3. Less than 2% of exacerbations in the ISIS study were associated with 
severe symptoms such as new radiograph findings, weight loss, a 
drop in oxygen saturation, or hemoptysis, suggesting that this is not 
how infants with CF present with exacerbations. The most common 
parent reported symptoms associated with exacerbation were 
rhinorrhoea, cough, wheeze, and fever, suggesting that viral 

4. Triggers may play an important role in these exacerbations. 

Brill_2015. 
(13)  

Lung function, symptoms and inflammation during 
exacerbations; prospective observational cohort 
study. 

Bronchiectasis Exacerbation was defined as oral antibiotic treatment taken for worsening 
chest symptoms, without hospital admission, as reported by the patient or 
administered by the study team. 
The most prevalent symptoms reported at exacerbation were increased 
cough (61%), breathlessness (59%) and change in sputum colour (55%). 
 

Hill_2017. (14) A consensus definition for clinical research. Adult 
bronchiectasis 

A person with bronchiectasis with a deterioration in three or 
more of the following key symptoms for at least 48 hours: 
1) Cough 



2) Sputum volume and/or consistency 
3) Sputum purulence 
4) Breathlessness and/or exercise tolerance 
5) Fatigue and/or malaise 
6) Haemoptysis 
AND a clinician determines that a change in bronchiectasis treatment is 
required. 

 

Supplementary table 3: Responses to a question in survey 1: In your experience of PCD which of the following combinations could provide a robust 

definition of a pulmonary exacerbation for use in clinical trials? 

 Strongly 

agree=1 

Agree=2 Neither 

agree nor 

disagree=3 

Disagree=4 Strongly 

disagree=5 

Mean % agree (a) or 

disagree (d); No 

agreement (NA) 

Change of symptoms (e.g. increased cough, change in sputum) 

in isolation 

4 10 7 8 0 2.66 NA 

Physician decision to treat in isolation 0 8 10 10 1 3.14 NA 

Change in investigations (e.g. lung function, x-ray, 

microbiology, blood tests) in isolation 

2 8 3 12 3 3.10 NA 

Combination of symptoms AND physician decision to treat 9 13 3 3 1 2.10 76 a  

Combination of symptoms AND change in investigations 10 8 5 5 1 2.28 62 a 

Combination of physician decision to treat AND change in 

investigations 

5 9 8 5 2 2.66 NA 

Combination of change in symptoms AND physician decision 

to treat AND change in investigations 

12 7 3 5 2 2.24 68 a  

 



Supplementary table 4: The format for the definition was ranked by individuals. To calculate the combined rank, for each individual rank, 1st was awarded 3 

points, 2nd 2 points and 3rd 1 point. A simple list of criteria with equal weighting was considered the best approach. 
 

Ranking from participants 

(n=22) 

Calculated 

Score 

Combined rank 

 
1st 2nd 3rd 

  

 A list of criteria to be included 

with equal weighting of items 

13 5 4 53 1st 

 A scoring system with 

differential weighting of items 

4 5 12 34 3rd 

 Major and minor criteria 5 11 5 42 2nd 
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