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Methods 

Checklist of inclusion and exclusion criteria 

Inclusion criteria: 

• age 6 – 18 years 

• diagnosis of CF confirmed by sweat-test and/or DNA analysis  

• maintenance treatment with rhDNase once daily  

• stable condition, defined as no need for intravenous antibiotics for at least one month 

prior to inclusion and constant medication regime at least 2 weeks prior to inclusion 

• Forced Vital Capacity (FVC) ≥ 40% predicted 

• small airways obstruction, defined as Forced Expiratory Flow at 75% of FVC (FEF75) 

< 70% predicted.  

 

Exclusion criteria:  

• inability to follow instructions of the investigator 

• concomitant medical conditions that affect inhaled treatment (e.g. cleft palate, severe 

malacia) 

• respiratory tract infection at the time of inclusion 

• pulmonary complications that might put the patient at risk to participate in the study 

• poor compliance with treatment as assessed by the patient’s pediatrician 

• active allergic bronchopulmonary aspergillosis. 
 

Study stop criteria: 

• Pulmonary exacerbation during the study period 

• Need for new pulmonary medication(s) after the start of the study 

• Major adverse event that places the patient at risk  

• Non-compliance with the study protocol, to be decided at the discretion of the 

investigator 

 



Patient recruitment and randomization 

Randomization was stratified for FEF75 and for use of tobramycin nebulization as 

maintenance treatment. Children on tobramycin nebulization as maintenance treatment used 

this in a one month on and one month off regime. Since this on-off regime can cause 

variations in lung function, study participation was planned in the off-tobramycin month for 

these patients. 

 

Statistical analysis 

Data were analyzed on an intention-to-treat basis. All patients were included in this analysis, 

including patients who dropped out of the study or met study stop criteria. For these patients, 

only available data were used in the model and visits where data were lacking were defined 

as missing. 

 
Study treatment 

For large airways deposition we used a particle size of 6.0 μm (volume median diameter 

(VMD) measured by laser diffraction using Sympatec HELOS, data on file Activaero GmbH). 

An aerosol bolus technique was used during each inhalation. The Akita2 delivered aerosol-

free air before and after the medication bolus using a flow rate of 200 ml/sec. The flow rate 

during actual nebulization of rhDNase was 60 ml/sec. These settings will lead to an optimal 

central airways deposition pattern. See also figure 1 of the paper.  

For small airways deposition the particle size was 4.2 μm (VMD measured by laser 

diffraction, data on file Activaero GmbH). In contrast to the central airways pattern, the small 

airways breathing pattern was a controlled deep inhalation. The aerosol bolus was delivered 

directly from the start of the inhalation and was followed by a small bolus of aerosol-free air 

at the end of inhalation. The Akita2 supplied a homogenous flow rate of 200 ml/sec. during 

the total inhalation. These settings lead to an optimal peripheral deposition pattern.  

To ensure that patients performed the correct breathing pattern, the Akita2 showed 

instructions on a display with each breath. On the display, the number of seconds during 

which the patient should inhale was counted down. This inhalation time was adjusted to the 

individual inspiratory capacity (IC) of the patient. In each treatment group a set of five 

different Smart Cards was used in order to adjust the inhalation volume based on patients’ 

spirometry data. Each patient received the Smart Card that matched optimally with IC. See 

Table 1 of this online supplement. If a patient tried to inhale too fast, a warning message was 

shown on the display, indicating that the patient should inhale more slowly. Flow was 

controlled by the Akita2 during each inhalation; therefore a patient could not inhale at a higher 

flow than programmed for each treatment group. 



If pressure at the mouthpiece of the nebulizer was too high (for example if a patient tried to 

exhale into the mouthpiece instead of inhaling), nebulization was interrupted but continued 

when pressure was normalized (see table E1 for inhalation settings).  

All maintenance medications that patients used were continued unchanged. Patients who 

needed new pulmonary medication (e.g. antibiotics, corticosteroids) during the study were 

discontinued from the study, but could be enrolled again after at least one month of clinical 

stability. 

 

Adherence monitoring 

The Akita2 monitors adherence by recording date, time and number of breaths for each 

nebulized treatment on the smartcard.  

The number of breaths required to perform one complete nebulization of 2.5 mg dornase alfa 

is different for each patient, since this depends on the combination of inspiratory capacity of 

the patient, the treatment group and the nebulizer output. Therefore the mean number of 

breaths required to complete one nebulization was calculated for each patient individually. A 

successfully completed nebulization treatment was defined as one in which the patient 

performed at least 50% of his required mean number of breaths.   

Patients were not informed on the adherence monitoring prior to the study, to ensure that this 

knowledge did not influence their compliance. At the last study visit, patients were asked for 

consent to use the data collected on the smart card. Smartcard data were handled 

anonymously, using only the smartcard number and randomization number as identifiers.  

After completion of the study, adherence data were extracted from all smartcards and 

compliance data and randomization numbers were linked. 

 

Results 
FEF75 (per protocol analysis) 

See Figure E1 of this online supplement for treatment effect of FEF75 absolute values (L/s). 

 

Symptom scores 

See Table E3 of this online supplement for mean symptom scores per week in both 

treatment groups. 

 

Discussion 
LCI 

Another interesting marker of small airways disease is the LCI measured by MBW which 

measures ventilation inhomogeneity (1-4). In contrast to the positive effect on FEF75 we could 

not show an effect on LCI in our study. Unfortunately, we were only able to measure LCI in a 



subgroup of the patients participating in this trial (n = 29). Hence it might very well be that this 

study was underpowered to find a difference in LCI, which was an exploratory endpoint in 

this study. 



Tables 
 

Treatment 
group 

Inspiratory 
capacity (L) 

Inhalation 
volume per 
breath (L) 

Inhalation time 
per breath 

(sec) 

Small airways 

0.50-1.19 0.5 2.5 

1.20-1.49 0.75 3.8 

1.50-1.89 1.0 5.0 

1.90-2.29 1.25 6.3 

≥2.30 1.5 7.5 

    

Large airways 

0.50-1.19 0.3 3.3 

1.20-1.49 0.4 3.8 

1.50-1.89 0.5 4.3 

1.90-2.29 0.6 4.8 

≥2.30 0.7 5.3 

Table E1. Inhalation settings per treatment group. Inspiratory capacity of each patient was 

measured by spirometry. Inhalation volume and time were directed by the Akita for each 

breath of the nebulization treatment.  



 

Daytime score 

 cough mucus shortness of breath 

0 No cough No mucus No shortness of breath 

1 Cough during short 

period 

Small amount of mucus shortness of breath during 

short period 

2 Cough during 

multiple periods 

Larger amount of mucus, 

easy to expectorate 

shortness of breath during 

multiple periods 

3 Severe cough 

(almost) whole day 

Large amount of mucus, 

difficult to expectorate 

shortness of breath 

(almost) whole day 

Night time score 

 cough mucus shortness of breath 

0 No cough No mucus No shortness of breath 

1 Cough that woke you 

up 1 time 

Small amount of mucus Shortness of breath that 

woke you up 1 time 

2 Cough that woke you 

up 2 or more times 

Larger amount of mucus, 

easy to expectorate 

Shortness of breath that 

woke you up 2 or more 

times 

3 Severe coughing all 

night 

Large amount of mucus, 

difficult to expectorate 

Severe shortness of breath 

all night 

Table E2. Symptom scores in diary. A minimum score of 0 and a maximum score of 18 

points could be scored each day. 

 
 
 

 Large airways 
deposition 

Small airways 
deposition 

p 

Week 1 1.8 (1.9) 2.9 (2.3) 0.05 

Week 2 2.2 (2.3) 2.7 (2.2) 0.37 

Week 3 1.9 (2.0) 2.6 (2.6) 0.21 

Week 4 1.9 (2.3) 2.8 (2.6) 0.18 

Table E3. Mean daily symptom scores per study week. Data are presented as mean (SD).  



 
Nebulizer 
category 

Number of patients  
(% of total) 

Nebulizer type 

Jet nebulizer 41/49 (84%) 
Porta Neb (n = 26), Pari BOY (n = 7), 

other (n = 8) 

Mesh nebulizer 7/49 (14%) eFlow (n = 4), I-Neb (n = 3) 

Other 1/49 (2%) Akita-1 (n = 1) 

Table E4. Nebulizer systems used before enrolment in the study. Data are shown as number 

of patients (percentage of total). 

 



Figures 
 
 

 
 
Figure E1a and E1b. Mean changes from baseline for FEF75 (L/s, expressed as % change 

from baseline) after 2 and 4 weeks of treatment. Data are presented as mean ± SEM (Anova 

estimates). On the X-axis are weeks of treatment, on the Y-axis change in FEF75 (L/s % 

baseline). Closed squares represent large airways deposition, open circles represent small 

airways deposition. Figure E1a shows intention to treat analysis, figure E1b shows per 

protocol analysis. * p < 0.05 for small airways vs large airways deposition. 
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