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The writers team mix

N=16

N=22



Mucus 
Obstruction

Infection

Inflammation

Scarring

CFTR gene defect

Abnormal CFTR protein

Defective ion transport

Airway surface liquid depletion

Delayed Mucociliary clearance

Cycle of 
Destruction

End Stage Lung Disease



▪ Yang C, Dornase alfa for CF: Improves lung function compared to placebo, reduces 

exacerbations Cochrane: 2018

‘What are the recommended chronic maintenance 

therapies to maintain lung health?: Mucolytics

2014

2018

Over 50 papers on 

dornase alfa since 

2014?!

What is lung 

function?



Quan J Pediatrics 2001
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Dornase alfa has a substantial effect especially on the 

end expiratory flows
Represents the average

response of a selected 

group

FEV1 FEF25-75



 

 

Patient 1

Patient 2

Tiddens et al, Ped Pulmonology 2010

FVC FEV1 FEF75

End expiratory flows are more reduced compared to 

FEV1 early in life



Tiddens et al, Ped Pulmonology 2010

Refika Hamutcu et al, AJRCCM 2002

Loeve et al, AJRCCM 2012

Boon et al, AJRCCM 2017

Kuo et al, Pediatric Pulmonology 2017

Large body of evidence that the small airways play an 

important role in onset + progression of CF lung disease

InspirationExpiration

CF

Normal



End expiratory flows are more reduced compared to 

FEV1 early in life

▪ Healthy group: 

▪ Age 12 - 18.5 years

▪ Boys (n=233) 2105 measurements  

▪ Girls (n=171) 1634 measurements

Bakker, Ped Pulmonology 2013

CF group: 

Age 6 - 20 years 

Boys (n=78) 2676 measurements

Girls (n=77) 3333 measurements 

FVC FEV1 FEF75



Sensitivity of lung function parameters varies with 

severity of disease
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Worsening

lung
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Parameters
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Severity

Early Advanced End stage

FEF75

FEF75-25

FEV1 FVC

Tiddens, Pediatr Pulmonol 2002

LCI



Aerosol deposition in health and disease

Healthy Healthy Lung disease 

obstruction

Deep inhalationDeep inhalationTidal volume breathing

Tiddens, ERJ 2014



Dornase alfa tagetting of small airways

using a smart nebulizer (Akita®)

▪ Central deposition: 

▪ 6 μm mesh 

▪ controlled, slow and normal depth 

inspiration 

▪ Aerosol bolus in middle of breath

▪ Peripheral deposition:

▪ 4 μm mesh 

▪ controlled, slow and deep 

inspiration 

▪ Aerosol bolus at start of breath 

Bakker et al, ERJ 2011

Smart Card technology: 

• Breathing pattern adjusted to FVC 

of patient



Dornase alfa targetting of small airways: study design

: pulmonary function tests: Spirometry

during study: symptom diaries 

Inclusion:

CF

Dornase alfa

Reduced FEF75
Large airway

Dornase alfa

(4 weeks)

Small airway

Dornase alfa

(4 weeks)

Visit 1 Visit 2

Visit 2 Visit 3

Visit 3

Visit 1

Bakker et al, ERJ 2011



Primary endpoint: FEF75

Per protocol analysis (n=34)
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p = 0.03
p = 0.06

Small airways deposition

Bakker et al, ERJ 2011

Weeks



CT image segmentation clean/trim subdivide

meshFD
Model

conditions

Connection 

throat

Patient specific modeling of regional deposition of 

inhaled dornase alfa

Bos et al, to be submitted



Fluid dynamic modelling



Smart nebulizer: substantial improvement of deposition 

dornase alfa in small airways deposition 

Bos et al, to be submitted

Large airways concentrations Small airways concentrations



Where is Aztreonam (AZLI)?

Where is the evidence for 

colistin cipro combination?

Should initial or new bacterial infection with 

Pseudomonas aeruginosa be treated?

2014

2018



How should chronic infection with P.Aeruginosa be 

treated?

2014

2018

Over 70 papers on 

eradication

Why does eradication 

fails in some 

patients?



Why eradication fails in some subjects?

▪ Adherence to therapy

▪ Technical failure nebulizer

▪ Inhalation competence

▪ Age

▪ Sinus infection by Pseudomonas aeruginosa 

▪ Pseudomonas aeruginosa related (Mucoid)

▪ Severity of structural lung abnormalities



Daily observations of Nebulizer use and Technique

Competence can be an issue!

Bos et al, JCF 2016

▪ N=32, age 6-18 years

▪ Major errors 13%



What about the impact of structural changes on the 

success rate of eradication?

20092007

20052003

Tepper et al, Pediatric Pulmonology 2014



Patient specific modeling of regional deposition of 

inhaled antibiotics: AZLI

CT image segmentation clean/trim subdivide

meshFD
Model

conditions

Connection 

throat

Bos, PLoS one 2015



• 40 CTs of CF patients

• CF-CT scoring of structural changes

• Median weight of an 11 [5-17] year old Dutch child: 38 kg

• Tidal volume of 10 [6-14] ml/kg: 380 [228-532] ml

• Respiration rate at 11 [5-17] years: 18 [22-14] breaths per minute Wallis et al, Arch Dis Child 2005

• Inspiration/expiration ratio: ½

• Sinusoidal breathing profile

▪ Particle size (mm): Large (4.4) / median (3.2) / small (2.8)

▪ Height lining fluid (mm): Thick (7) / median (5) / thin (3)
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Bos et al, PLoS one 2015

Patient specific modeling of regional deposition of 

inhaled antibiotics: Model conditions



Thin lining fluid

Small diameter

Median lining fluid

Median diameter

Thick lining fluid

Large diameter

Bos, Plos One 2015

Patient specific modeling of regional deposition of 

inhaled antibiotics: AZLI concentrations



Inhaled antibiotics:

▪Concentrations vary widely throughout the bronchial tree

▪Inverse correlation [AZLI] in a lobe and CT-scores

▪More diseased (upper) lobes received a lower [AZLI]

▪[AZLI] can be, depending on the simulation settings, below the threshold of 10 x MIC90 or 

1280mg/ml (for P. Aeruginosa)

Patient specific modeling of regional deposition of 

inhaled antibiotics: Results

Bos, Plos One 2015



What to do when first eradication fails: 

Standardize, evaluate and publish

Blanchard et al, JCF 2017



Blanchard et al, JCF 2017

▪ Overall success in symptomatic 83.3%

▪ Overall success in asymptomatic 92%

▪ But only one week follow up after each step

▪ Definition of symptomatic?

What to do when first eradication fails: 

Standardize, evaluate and publish



Role of Aspergillus in sputum no longer discussed

2014

2018

Over 250 papers on 

Aspergillus and CF 

since 2014?!

How should fungal infections and severe/recurrent 

Allergic Bronchopulmonary Aspergillosis (ABPA) be 

treated?



How should we monitor lung disease?: Imaging

2014

2018

Over 250 papers on 

CF and CT and Lung 

since 2014?!



The impact of chest CT on clinical management 

of CF lung disease

▪ 36 case simulations (vignettes)

▪ Web based

▪ Cases randomly selected from 2 CF centers

▪ Standard presentation: clinical history; microbiology; growth; lung function; 

present complains; physical examination; medications; physiotherapy routines

▪ Each clinician 8 case simulations (4 of each center)

▪ Allocation through algorithm

▪ Each case presented 2 x to each clinician

▪ Cross over design

▪ 10 week interval between cases

▪ With or without Chest CT 

▪ With or without CXR 

Bortoluzzi et al, to be submitted soon



Would you modify treatment 

or perform additional diagnostics?

Bortoluzzi et al, to be submitted soon



▪ 44 EU and Australian clinicians 

▪ Vignette pairs;  CT = 143: CR = 167 

▪ CT associated with:

▪ increase in antifungal treatment RR 2.8 (1.3-6.0), p=0.02

▪ bronchoscopies RR 1.6 (1.1-2.5), p=0.04

▪ mycobacterial cultures RR 1.3 (1.0-1.5), p=0.02

▪ need for hospitalization RR 1.4 (1.0-1.9), p=0.03

▪ CXR associated with:  

▪ increase in inhaled antibiotics RR 1.3 (1.0-1.6), p=0.04

Conclusion: 

CT but not CXR, at routine biennial follow-up associated with changes in 

treatment and/or diagnostics, including the need for hospitalization.

The impact of chest CT on clinical management 

of CF lung disease

Bortoluzzi et al, to be submitted soon



▪ ‘The pirates codes are more guidelines than actually rules, welcome aboard the black pearl miss 

Turner’ Captain Barbossa: Pirates of the Carribian 2003

▪ Guidelines are needed so you know where to deviate from

▪ No guideline can take into account all the unique clinical circumstances leading to therapy 

decisions for individual patients. Ren et alAnn Am Thorac Soc 2018

▪ Guidelines are tools that inform health professionals decisions rather than foster patient 

involvement in decision making

▪ Guidelines are mostly not up to date

▪ Quality guidelines for guidelines are needed

▪ Lets move to  Medicine Based Evidence

Pulmonary guidelines & current practice updates 

in treatments of CF lung disease



Guidelines, beware: 

pick your choice



▪ Dornase alfa administration can be further optimized

▪ The small airways are an important treatment target 

▪ FEF75% is a sensitive indicator of small airways involvement

▪ Pseudomonas aeruginosa eradication therapy 

▪ Optimize adherence and nebulizer competence

▪ Take the severity of structural changes into account

▪ Failed eradication: Follow the Sick Kids algorithm

▪ Treatment of Aspergillus is an important gap in our knowledge

▪ Monitoring of structural lung disease

▪ CT is gold standard

▪ Limited role for CXR

Pulmonary guidelines & current practice updates 

in treatments of CF lung disease




