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Center rotterdam, rotterdam, the netherlands; bDepartment of radiology and nuclear medicine, Erasmus mC, university medical 
Center rotterdam, rotterdam, the netherlands; cDepartment of Biostatistics, Erasmus mC, university medical Center rotterdam, 
rotterdam, the netherlands

ABSTRACT
Objective: Conventional inhaler devices have a low efficacy in targeting small airways. Smart 
nebulizers can be used to increase deposition to small airways by adjusting the flow and 
depth of each inhalation based on patients ‘individual inspiratory capacity. We investigated 
whether targeting of high dose inhaled corticosteroids (ICS) to small airways with a smart 
nebulizer could reduce exacerbation rate in children with severe asthma (SA).
Methods:  We conducted a retrospective study in children with SA using a smart nebulizer 
(Akita® Jet nebulizer) for the administration of high dose ICS in our outpatient clinic at the 
Erasmus MC — Sophia Children’s Hospital. Clinical data before and after start of treatment 
were collected. The primary outcome was exacerbation rate, defined as: number of asthma 
exacerbations for which oral corticosteroid courses (OCS) were prescribed. The exacerbation 
rate 1 year before treatment was compared with the exacerbation rate 1 year after start of 
treatment. Secondary outcomes were changes in spirometry parameters, hospital admissions 
and medication use.
Results:  Data on OCS use was available for 28/31 patients. Median number of asthma 
exacerbations requiring OCS courses 1 year before decreased from 2 (interquartile range(IQR) 
2) to 0.5 (IQR 3) 1 year after treatment (p = 0.021). Hospital admission decreased from 1 (IQR 
3) to 0 (IQR 1)(p = 0.028). FEV1, FEF25-75 and FEF75 were not significantly improved after one 
year of treatment with the smart nebulizer (p = 0.191; p = 0.248; p = 0.572).
Conclusion: Targeting small airways with high dose ICS using a smart nebulizer resulted in 
a significant reduction in exacerbations requiring OCS after one year of treatment.

Introduction

The prevalence of severe asthma (SA) is approximately 
2–4% of all asthma patients (1,2). Despite this low 
prevalence, SA greatly affects quality of life and 
accounts for high healthcare expenditure and resource 
utilization (3–5). Mild to moderate asthma can be 
effectively treated with dry powder inhalers (DPI’s) 
or pressurized metered dose inhalers (pMDI’s) with 
inhaled corticosteroids (ICS). In patients with SA the 
step-up treatment advised by international guidelines 
fails to control disease despite optimal treatment of 
modifiable factors (6). Knowledge about the patho-
genesis of SA has led to the development of mono-
clonal antibodies (biologicals) targeting specific 

inflammatory pathways. The introduction of biologi-
cals has greatly improved asthma control in the major-
ity of children with SA (7). However, treatment is 
costly and approximately 8% of the patients with SA 
are not eligible for biological treatment (8). In addi-
tion, approximately 25% of SA patients need to switch 
to a different biological after initial treatment fails to 
control their disease (9,10). Other patients, in partic-
ular children, fear receiving injections and therefore 
need an alternative treatment.

Small airways play a major role in asthma patho-
physiology as structural and functional alterations are 
frequently observed (11). The reported prevalence of 
small airways involvement in asthma is between 50% 
and 90% depending on asthma severity (12,13). Small 

© 2021 the author(s). Published with license by taylor & francis Group, llC.

CONTACT hettie m. Janssens  h.janssens@erasmusmc.nl  Department of Pediatrics, Division of respiratory medicine and allergy, Erasmus mC-sophia 
Children’s hospital, Wytemaweg 80, rotterdam, Cn, 3015, the netherlands.

https://doi.org/10.1080/02770903.2021.1996597

this is an open access article distributed under the terms of the Creative Commons attribution-nonCommercial license (http://creativecommons.org/licenses/by-nc/4.0/), 
which   permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ARTICLE HISTORY
received 12 april 2021
revised 12 october 2021
accepted 17 october 2021

KEYWORDS
aerosol therapy;  
exacerbations;  
spirometry;  
inhaled corticosteroids;  
admissions;  
oral corticosteroids

http://orcid.org/0000-0003-0647-5552
http://orcid.org/0000-0002-5372-4163
http://orcid.org/0000-0003-0902-0860
http://orcid.org/0000-0001-5628-6667
http://orcid.org/0000-0002-2210-9176
mailto:h.janssens@erasmusmc.nl
https://doi.org/10.1080/02770903.2021.1996597
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/09500782.2019.1622711&domain=pdf&date_stamp=2019-7-2
http://www.tandfonline.com


2 W. B. VAN DEN BOSCH ET AL.

airways disease is associated with uncontrolled asthma 
and the future loss of asthma control (14,15). Treatment 
of SAD in asthma patients could therefore be a poten-
tial target for therapeutic intervention. Based on com-
putational fluid dynamic modeling and in vitro studies, 
it is suggested that conventional inhaler devices, such 
as pMDIs and DPIs, have relatively low efficacy and 
are highly variable in targeting small airways (16,17). 
Efficient deposition of aerosols in the small airways 
is highly dependent on slow and deep inhalation (18). 
Smart nebulizers allow for more efficient delivery of 
medication to the small airways (19). By coaching 
patients to inhale with a slow (flow 12 L/min) and 
deep inhalation maneuver, higher doses are deposited 
into the small airways. The information on patients’ 
individual inspiratory capacity is recorded on a smart 
card. This card also records adherence, making it pos-
sible to monitor and discuss adherence to treatment.

In adults with oral corticosteroid (OCS)-dependent 
asthma and in children with cystic fibrosis, small 
airways targeted treatment with smart nebulizer tech-
nology (e.g. Akita®Jet) has proved to be highly effec-
tive (20,21). A pilot study in children with mild 
asthma showed a slightly higher increase in asthma 
control and lung function in patients using the Akita® 
Jet in comparison to a conventional nebulizer (22). 
However, to date, there is little experience in clinical 
practice on the use of smart nebulizer technology for 
treatment of SA in children. At the Erasmus MC—
Sophia Children’s Hospital, we started treatment with 
high dose ICS using the Akita® jet nebulizer in chil-
dren with SA who had uncontrolled asthma despite 
step 4 or 5 treatment according to Global Initiative 
for Asthma (GINA) guidelines (23), as a ‘last resort’ 
treatment before starting OCS maintenance treatment. 
We performed a retrospective study in this group to 
examine the effects of small airways targeted treat-
ment with the Akita® jet nebulizer at population level. 
We hypothesized that high-dose ICS treatment tar-
geted to the small airways would decrease exacerba-
tions rate, decrease number of hospital admissions 
and would improve small airways function measured 
using spirometry.

Methods

Study design

We conducted an investigator initiated retrospective 
study in children with SA who received treatment 
with the Akita® Jet nebulizer (from now on referred 
to as Akita®) between January 2010 and December 
2019. All patients were treated at the outpatient clinic 

of the department of pediatric pulmonology of 
Erasmus MC—Sophia Children’s Hospital (Rotterdam, 
the Netherlands). Diagnosis of SA was confirmed by 
an experienced pediatric pulmonologist after a thor-
ough work-up and treatment of modifiable factors 
(23). All patients were either on step 4 or 5 treatment 
(GINA guidelines) before start of treatment with the 
Akita®. All children had persistent asthma symptoms, 
and/or frequent exacerbations. Inclusion criteria for 
the retrospective analysis were: diagnosis of SA 
according to GINA criteria (23) and age 4–18 years 
at initiation of treatment with the Akita®. Exclusion 
criteria were: active smoking and age <4 and >18 years. 
The local institutional review board reviewed the 
study (MEC-2019–0554) and judged that the rules 
laid down in the Medical Research Involving Human 
subjects Act does not apply to this research (24). 
Before start of data acquisition written informed con-
sent was obtained from all subjects and/or legal rep-
resentatives for the use of clinical data for this study. 
Vectura Group Plc. supported the research by an 
unconditional grant for a PhD research program. 
However, Vectura Group Plc. did not initiate the study 
nor were they involved in any part of the conduct of 
this study.

Data collection

Patient records were reviewed for: clinical demograph-
ics, allergies, medication use, OCS courses, admissions, 
adherence, and spirometry measurements. Data were 
collected at predefined consecutive visits: 12, 9, 6, and 
3 months before and 1, 3, 6, 9, and 12 months after 
start of treatment with ICS with the Akita®. If multiple 
visits were present, the visit closest to the predefined 
visit was chosen. Three independent investigators (WB, 
SK and RG) collected data from the electronic patient 
records using a study specific protocol. Extracted data 
were de-identified and coded to ensure anonymization 
and blinding for the analyses. Missing data in the 
patient records were marked as missing in the data-
base. Data monitoring and validation were conducted 
by the departments research coordinator.

Outcome measures

The primary outcome was exacerbation rate defined 
as: number of asthma exacerbations for which OCS 
were prescribed. The exacerbation rate 1 year before 
was compared with the exacerbation rate 1 year after 
initiation of treatment with the Akita®. The secondary 
outcomes were: changes in spirometry parameters, 
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hospital admissions and daily nominal dose of ICS. 
Forced expiratory volume in 1 s (FEV1), Forced expi-
ratory flow between 25% and 75% of forced vital 
capacity (FEF25-75) and at 75% of forced vital capacity 
(FEF75) were calculated according to the formulas 
reported by Global Lung function Initiative (25) and 
presented as %predicted (%pred) values.

Smart nebulizer

The Akita® Jet inhalation system (Vectura Group Plc., 
UK) was the smart nebulizer used in this study. The 
Akita® consists of a smart compressor combined with 
a modified jet nebulizer handset (derived from a Pari 
handset). The smart compressor is breath-actuated 
and controls the fraction of the inspiration time in 
which an aerosol is generated based on the patients’ 
individual inspiratory capacity. The nebulizer coaches 
patients in performing a slow and deep inhalation 
maneuver. This breath-actuated medication release in 
combination with the slow and deep inhalation has 
shown to result in a lung deposition of approximately 
60% of the delivered dose and more efficient small 
airway deposition (19,26). During nebulization the 
Akita® provides feedback on the inhalation technique 
which results in less variability. Data on inspiratory 
time and adherence is recorded on a smart card.

Drug regimen

Patients started with nebulization of budesonide 1 mg 
twice daily or fluticasone propionate 2 mg twice daily 
depending on physician’s choice and availability of the 
drug formulation. Before nebulization of the selected 
ICS, patients nebulized salbutamol 2.5 mg and/or ipra-
tropium bromide 0.5 mg. The emitted dose is approx-
imately 40% of the nominal or loading dose. Of the 
emitted dose, 60% is deposited in the lung and 40% 
extrathoracic (19). At initiation of treatment all main-
tenance asthma medication was continued. ICS admin-
istered with pMDI or DPI were tapered down or 
stopped when sufficient asthma control was achieved, 
according to the patient and treating physician. ICS 
dose administered with the Akita® was decreased once 
ICS administered through pMDI or DPI was stopped. 
Nominal daily average pMDI or DPI ICS dose for 
every patient was calculated and converted to 
budesonide pMDI/DPI equivalent dose (250 μg fluti-
casone propionate = 400 μg budesonide, 500 μg beclo-
methasone standard particle size = 400 μg budesonide, 
200 μg beclomethasone extra‐fine = 400 μg budesonide 
and 160 μg ciclesonide= 400 μg budesonide) (27).

Statistical analysis

Descriptive statistical analyses were performed on 
patient characteristics. Categorical data are shown as 
counts and proportions. Continuous normally distrib-
uted data are shown as mean ± standard deviation and 
not normally distributed data are shown as median 
and interquartile range (IQR). Data distribution was 
tested for normality using Shapiro-Wilk and 
Kolmogorov-Smirnov test. The change in number of 
exacerbations requiring OCS and the change in num-
ber of hospital admissions 1 year before and 1 year 
after treatment were compared using the Wilcoxon 
signed-ranked test. The mixed-effects modeling frame 
work was used to investigate the evolution of the 
spirometry measurements (FEV1, FEF25-75, and FEF75) 
over time during treatment with the Akita®. Mixed 
models consist of random and fixed effects (28). The 
benefit of the mixed effects model for assessing the 
differences in spirometry measurements over time is 
that it accounts for multiple measurements within 
patients (random effect). Fixed effects are factors that 
are assumed to have the same effect across subjects. 
In this model we entered hospital visit (resembling 
effect of treatment), age at baseline, sensitization to 
inhaled allergens, BMI at baseline and the change in 
exacerbation rate (number of exacerbations 1 year after 
initiation of treatment – number of exacerbations 
1 year before start of treatment) as fixed effects. In 
the model, hospital visit 1, 2, 3, and 4 were, respec-
tively, 12, 9, 6, and 3 months before start of treatment. 
Hospital visit 5, 6, 7, 8, 9, and 10 were respectively 
start of treatment and 1, 3, 6, 9, and 12 months after 
treatment. We assumed linear evolutions over time 
(visits). We, furthermore, assume a random intercept 
which allows each subject to start at a different spi-
rometer baseline value. We included interaction terms 
into the model to study whether patients with sensi-
tization to allergens and patients with changes in 
exacerbation rate had different effect of treatment on 
the spirometry outcomes. Significance level was set 
to p < 0.05. Statistical analyses were performed with 
SPSS 25 (Chicago, USA), Graphpad Prism 8 and the 
statistical software package R Version 3.6.1.

Results

Patient characteristics

In total 35 patients with SA used the Akita® between 
January 2010 and December 2019. Four patients did 
not provide informed consent for the use of clinical 
data therefore 31 patients were included in the study. 
Of these 31, three were lost to follow up and seven 
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patients did not use the Akita® for 1 year because they 
were non adherent (n = 3), experienced adverse events 
(n = 3) or switched to another therapy (n = 1) (Figure 
1). The adverse events were: suppressed growth veloc-
ity, weight gain, gingivitis and development of a skin 
rash. Of the patients who reported adverse events 2 
were on budesonide and 1 on fluticasone propionate. 
In total 21 patients used the Akita® for at least 1 year. 
Baseline characteristics are presented in Table 1. Mean 
age was 11.2 ± 3.8 years. Gender was evenly distributed. 
In the work up of their SA 61.3% of patients had a 
bronchoscopy performed and all patients had a chest 
computed tomography scan done.

Primary outcome

Median number of exacerbations requiring OCS 
decreased from 2 (IQR 2) to 0.5 (IQR 3) during treat-
ment with the Akita® (n = 28, p = 0.021) (Figure 2). 
No data on number of exacerbations were available 
for the patients (n = 3) that were loss to follow up, 
therefore these patients were omitted from the anal-
ysis. The difference in exacerbation rate remained 
significant when the patients that did not fulfill 1 year 
of treatment with the Akita® were left out of the anal-
ysis (n = 21, p = 0.013).

Secondary outcomes

Median number of hospital admissions decreased from 
0.5 (IQR 2) to 0.0 (IQR 1) during treatment with the 
Akita®, which was not significant (n = 28, p = 0.088). 

However, if patients that did not fulfill 1 year of treat-
ment with the Akita® were left out of the analysis the 
median number of hospital admission decreased from 
1 (IQR 3) to 0 (IQR 1)(n = 21, p = 0.028). No data on 
number of hospital admissions were available for the 
patients (n = 3) that were lost to follow, therefore these 
patients were omitted from the analysis. Figure 3 
shows median spirometry values of FEV1, FEF25-75, 
and FEF75 before and after start of treatment at the 
predefined time points. The median %pred of FEV1, 
FEF25-75, and FEF75 at baseline were 78.23%, 46.58%, 
and 40.52% (Table 2). After 12 months of treatment 
they increased up to 85.65%, 57.36%, and 54.32%, 
respectively. The highest increase for FEV1 and FEF75 
from baseline was seen in the first month of treat-
ment. The highest increase for FEF25-75 was seen at 
6 months of treatment. Results were similar when only 
the patients (n = 21) that did fulfill one year of treat-
ment were included in the analysis (Table 2). Linear 
mixed model analysis showed no significant result for 
the main fixed effects on FEV1, FEF25-75, and FEF75 
(Table 3). This indicates that no significant overall 
change in spirometry parameters were observed during 
one year of treatment with the Akita® nebulizer. 
Allergy, BMI, age, and change in exacerbation rate 
were also not strongly associated with spirometry 
parameters. To see whether patients with sensitization 
to allergens and patients with a decrease in exacer-
bation rate had different effect of treatment on the 
spirometry outcomes we studied their interaction. We 
observed that the interaction between hospital visit 
and change in exacerbation rate was significant for 
FEV1, FEF25-75, and FEF75. This implies that patients 
who had less exacerbations after one year of treatment 
also experienced improvement in spirometry and 
patients that had an increase in exacerbations had a 
decrease in spirometry. The interaction for allergen 
sensitization was not significant.

Quantitative data on adherence were only available 
for several patients because these data were discussed 
with patients but not always recorded in the patient 
records. More recent data were not recorded due to 
a technical failure of the card reader needed for sub-
traction of the logged data. Therefore, data on adher-
ence were not included in our analyses.

Pharmacological therapy

Table 4 and Figure 4 show asthma medication use 
before, during, and after treatment with the Akita®. 
Before start of treatment 16 patients were using high 
dose ICS with a long-acting β agonist (LABA) and/
or leukotriene modifier (LTRA), 14 patients were 

Figure 1. study flowchart.
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using combination inhalers (ICS/LABA) and one 
patient was using high dose ciclesonide without 
LABA/LTRA and received methylprednisolone injec-
tions. All patients administered their asthma medica-
tion using a pMDI with valved holding chamber. At 
the start of treatment 1 patient received budesonide 
0.5 mg twice daily instead of 1 mg twice daily. For 
fluticasone propionate two patients received 1 mg 
twice daily and one patient 1 mg once daily instead 
of 2 mg twice daily. During treatment with the Akita® 
tapering of budesonide and fluticasone proprionate 
dose resulted in a 185.1 µg and 196.4 µg decrease 

respectively. After one year of treatment 5/21 patients 
were still using additional ICS treatment (Figure 4): 
3/5 ICS monotherapy and 2/5 combination inhalers. 
Before initiation of treatment three patients used 
omalizumab but stopped because their asthma 
remained uncontrolled. During treatment with the 
Akita® one patient was on omalizumab and another 
patient started with omalizumab 3 months after start 
of treatment.

Discussion

In this retrospective study we observed that targeted 
treatment of small airways with a smart nebulizer in 
children with SA is associated with a significant 
reduction of asthma exacerbations and hospital admis-
sions after one year of treatment compared to the 
year before start. Spirometry parameters did not sig-
nificantly improve during smart nebulizer treatment. 
The median exacerbation rate decreased by more than 
50% after treatment with the Akita®. Our results are 
in line with those found in a study conducted in 
adults with OCS-dependent asthma who were given 
small airways-targeted treatment with budesonide 
administered with the Akita® (20). In this study, a 
significant OCS dose reduction of ≥50% and an 
increase of FEV1 in comparison to baseline was found. 
Although our population differed in age and none of 
the children used OCS maintenance treatment, this 
previous study does support our hypothesis that small 
airways targeted treatment is beneficial in patients 
with SA.

The concept of small airways-targeted treatment 
is not new, but has regained interest due to studies 
that showed high prevalence of small airways 

Table 1. Population characteristics. 
all patients  

(n = 31)
Akita® for 1 year 

(n = 21)

age, mean ± sD years 11.2 ± 3.8 11.0 ± 4.0
female sex, n (%) 16 (51.6%) 12 (57.1%)
BmI for age, mean Z-score ± sD 1.16 ± 1.73 0,95 ± 1.86
Bronchoscopy performed, n (%) 19 (61.3%) 15 (71.4%)
Ct scan performed, n (%) 31 (100%) 21 (100%)
sensitization to inhaled allergens, n (%) 21 (67.7%) 14 (66.7%)
oral corticosteroids courses 1 year prior, median (IQr) 2 (2) 3 (3)
hospital admissions 1 year prior, median (IQr) 0 (2) 1 (3)
fVC, median (IQr) %predicted 100.2 (24.7) 100.1 (41.9)
fEV1, median (IQr) %predicted 78.2 (27.4) 78.2 (37.7)
fEf25-75, median (IQr) %predicted 46.6 (40.7) 46.6 (45.8)
fEf75, median (IQr) %predicted 39.8 (36.6) 39.8 (30.7)
Comorbidities, n (%) 5 (16.1%) 5 (23.8%)
Bronchial pulmonary dysplasia 2 2
adrenal gland insufficiency 1 1
hypogammaglobulinemia 1 1
hypertension 1 1

note: this table shows the characteristics of all the patients at the start of treatment with the akita® Jet nebulizer and the patients that were treated 
for 1 year.

Figure 2. this boxplot shows the median number of oCs 
courses 1 year before start of treatment and 1 year after treat-
ment(n = 28) including the minimum/maximum and first/third 
quartile. the difference remained statistically signifi-
cant(p = 0.013) after leaving out the patients that did not fulfill 
one year of treatment(n = 21). * Wilcoxon signed rank test.
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Figure 3. shows median spirometry measurements with interquartile range of fEV1, fEf25-75 and fEf75. the bold colored line 
are all the patients that used the akita® Jet nebulizer (n = 28). the dotted line shows the patients that have fulfilled one year 
of treatment with the akita® Jet nebulizer (n = 21).

Table 2. shows the median %predicted values and interquartile range (IQr) for fEV1, fEf25-75, and fEf75. mo = months.
12 month 

before
9 month 

before
6 month 

before 3 month Baseline 1 month 3 month 6 month 9 month 12 month

median fEV1 % predicted (IQr)
N = 31 81.84 86.80 78.10 79.95 78.23 98.03 92.83 93.45 86.4 85.65

(25.19) (25.35) (31.31) (18.78) (27.40) (28.71) (35.58) (22.38) (25.87) (25.26)
N = 21 79.36 81.34 78.10 79.95 78.23 103.2 91.50 96.52 85.61 84.02

(39.73) (30.43) (32.15) (41.56) (37.7) (27.44) (36.74) (25.38) (27.16) (30.86)
mean (sD) 83.15 86.76 82.92 75.79 82.63 95.52 91.83 93.72 92.06 89.37
N = 31 (19.45) (18.81) (21.83)  (23.43) (26.74) (21.12) (20.88) (17.42) (19.73) (20.46)
median fEf25-75 % predicted (IQr)
N = 31 51.76 44.26 46.25 41.67 46.58 68.34 71.6 72.21 60.17 57.36

(33.90) (35.40) (48.13) (21.98) (40.67) (48.8) (50.07) (45.21) (50.11) (52.37)
N = 21 50.11 42.19 48.96 38.18 46.58 75.79 73.27 76.37 52.60 53.18

(41.74) (39.44) (48.13) (32.06) (45.84) (61.39 (56.02) (51.37) (43.48) (49.75)
mean (sD) 52.95 54.92 51.31 43.21 53.56 72.82 68.72 70.82 67.07 66.31
N = 31 (21.70) (25.26) (30.48) (16.83) (31.60) (31.51) (28.53) (26.48) (33.24) (35.29)
median fEf75 % predicted (IQr)
N = 31 46.05 40.63 40.22 37.62 40.52 66.82 60.92 61.16 58.42 54.32

(30.37) (54.55) (34.74) (21.24) (36.6) (47.46) (47.13) (33.59) (50.9) (49.49)
N = 21 40.32 37.91 44.76 34.64 39.78 77.31 64.95 68.41 53.84 51.65

(27.56) (54.51) (38.58) (27.87) (30.72) (44.75) (52.79) (41.19) (61.71) (56.87)
mean (sD) 48.65 58.05 48.75 41.88 49.10 72.44 60.58 65.77 65.35 65.50
N = 31 (21.61) (34.58) (24.73) (23.54) (29.12) (32.14) (27.58) (25.38) (36.19) (38.50)
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involvement in asthma (12,13). Drug delivery to small 
airways is challenging because most drugs adminis-
tered with conventional inhaler devices are deposited 
in the larger airways (16). Fine particle pMDI’s were 
developed to increase the amount of drugs delivered 
to the small airways. In this study most patients were 
using fine particle pMDI’s but despite this their 
asthma remained uncontrolled. The inhalation maneu-
ver is believed to be the most important factor for 
efficient aerosol deposition in small airways (18). 
Smart nebulizers were developed to coach the patient 
in performing a correct inhalation maneuver (19). 
Several studies have shown the added value of small 
airways targeted treatment with a smart nebulizer in 
pulmonary diseases (20,21,29,30). It is therefore rea-
sonable to believe that the rapid improvement in 
FEF25-75 and FEF75 observed in the first months is 
caused by more efficient small airways targeted treat-
ment. There is debate whether spirometry is the best 
way to assess small airway function. In this retro-
spective analysis small airway function was assessed 
using spirometry because this was the only small 
airway function parameter available. Alternative lung 

function methods such as multiple breath washout, 
impulse oscillometry and imaging might be more 
sensitive in detecting changes in small airway func-
tion (31).

Several factors, other than small airways targeted 
treatment could also have contributed to the 
observed improvement in exacerbation rate and 
hospital admissions. First, administration of high 
dose ICS through the Akita® in combination with 
the temporary continuation of conventional treat-
ment resulted in patients receiving very high doses 
of ICS. In patients with OCS-dependent asthma, it 
was shown that administration of high dose ICS 
has a similar effect to that of low dose OCS treat-
ment as a result of systemic effects of high dose 
ICS (32). The observed improvement could there-
fore be a result of high dose ICS treatment rather 
than small airways targeted treatment. We agree 
that the administered ICS dose is high in this pop-
ulation and that it exceeds the recommendation by 
international guidelines. Most patients in this study 
were severe (therapy resistant) asthmatics with fre-
quent exacerbations despite treatment of modifiable 

Table 3. shows the linear mixed effects model studying the evolution of spirometry parameters over time.
fEV1 Effect E sE P fEf25-75 E sE P fEf75 E sE P

Intercept 94.36 10.95 *<0.001 53.6 15.06 *<0.001 54.91 15.63 *0.001
hospital visit 0.83 0.64 0.191 1.06 0.91 0.248 0.54 0.96 0.572
allergy 4.94 7.94 0.540 3.78 11.18 0.739 0.16 11.51 0.989
BmI z-score 2.12 1.78 0.245 4.37 2.43 0.084 2.14 2.52 0.405
age at baseline −1.69 0.83 0.053 −0.98 1.13 0.395 −0.79 1.17 0.505
Δ exacerbation 1.75 1.38 0.218 1.58 1.93 0.421 2.29 2.00 0.263
hospital visit: allergy 0.21 0.75 0.780 0.80 1.09 0.468 1.11 1.13 0.327
hospital visit: Δ 

exacerbation
−0.36 0.13 *0.006 −0.52 0.19 *0.007 −0.68 0.20 *0.001

note: no significant overall change in spirometry parameters were observed during one year of treatment with the akita® nebulizer. We observed a 
significant interaction between hospital visit and change in exacerbation rate for fEV1, fEf25-75, and fEf75. E.g. patients who had less exacerbations 
after one year of treatment also experienced improvement in spirometry and vice versa.

Δ exacerbation = change in exacerbation rate (number of exacerbations 1 year after treatment – number of exacerbations 1 year before treatment).
Interaction term: hospital visit and allergy; hospital visit and Δ exacerbation.
abbreviations: E, estimate; sE, standard error; P, p-values; *, p < 0.05.

Table 4. use of asthma medication before and after treatment with the akita® Jet nebulizer.
Baseline after 1 year of treatment

(n = 31) (n = 21)

akita® ICs
Budesonide 24 (979.2 µg) 17 (794.1 µg)
Fluticasone proprionate 7 (1571.4 µg) 4 (1375 µg)

Daily pmDI/DPI ICs, n 31 5
Budesonide or equivalent dose 1498.1 µg 800 µg

Daily long-acting β agonist
Formoterol daily dose, (n) 41.7 µg (23) 34.9 µg (11)
Salmeterol daily dose, (n) 100 µg (7) 50 µg (3)

leukotriene modifiers
montelukast, n (%) 23 (74.2%) 13 (61.9%)

Biologicals
omalizumab, n (%) 4 (12.9%) 1 (4.7%)
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factors and maximal pharmacological treatment. 
With no alternative therapies available at that time, 
we treated patients with high dose ICS administered 
with the Akita®. The difference in starting dose 
between budesonide and fluticasone propionate was 
due to a difference in concentration of the drug 
formulation available.

A second factor that might also explain the 
observed improvement in exacerbation rate, hospital 
admissions and the initial improvement in spirometry 
is the improvement in adherence. Studies have shown 
that adherence to treatment is generally poor in 
patients with asthma (33). The possibility of moni-
toring and discussing adherence in clinical practice 
is an important feature of the Akita®. In the first 
weeks of treatment, patients frequently visited and 
contacted specialized asthma nurses. This intensive 
follow-up likely resulted in improved adherence and 
subsequently less exacerbations, hospital admissions 
and initial improvement in spirometry parameters. In 
addition, reduction in adherence after longer use of 
the Akita®, might also explain why the initial improve-
ment in spirometry parameters decreases over time. 
Unfortunately, almost no objective data on adherence 

could be retrieved in our study. Therefore we were 
forced to leave these data out. This is a limitation of 
our study. Nevertheless, we believe that the improve-
ment observed in this study cannot only be attributed 
to improved adherence but rather to a combination 
of small airways targeted treatment with high dose 
ICS and improved adherence.

The third factor that could also explain the asso-
ciation between Akita® treatment and decreased exac-
erbation rate and amount of hospital admissions is 
the aging of the population. Generally, as children get 
older their asthma will improve, therefore assessing 
the children before and after treatment will include 
this natural change. However, this improvement will 
be gradual, modest, and less likely to occur in patients 
with severe asthma. Lastly, It could be argued that 
the improvements observed are due to a phenomenon 
called “regression to the mean” (34). In this analysis, 
patients who started with small airways-targeted treat-
ment, most likely started the treatment during a 
period of very poor asthma control. Hence, these 
patients were likely to improve over time.

Increased lung deposition as a result of small air-
ways targeted treatment might not only be beneficial 

Figure 4. Gives a graphical overview of medication use. the horizontal black line represent the use of the akita® treatment. 
Each pill indicates an oCs course. the red bars shows the use of ICs administered through pressurized metered dose inhaler or 
dry powder inhaler. the green bar indicates omalizumab use.
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in decreasing asthma exacerbations and hospital 
admissions, but also in reducing side effects. Lower 
oropharyngeal deposition (19,30) may decrease local 
side effects such as cough, hoarseness, dysphonia, and 
oral candidiasis. In addition, with increased lung 
deposition higher drug dose reaches the target area, 
which might allow for lower ICS administration. In 
our study, we observed that during treatment with 
the Akita® nominal daily ICS dose could be reduced 
in the majority of patients (Table 4). Increased small 
airway deposition might on the other hand result in 
higher alveolar uptake, causing the systemic concen-
tration to increase, subsequently leading to more side 
effects (35). In this retrospective study, three patients 
ceased ICS treatment with the Akita® because they 
reported side effects. As maintenance treatment with 
conventional inhaler devices was continued alongside 
Akita® treatment it is uncertain whether these side 
effects were due to the administration of higher doses 
of ICS or to increased small airway deposition.

There are limitations in this study that are inher-
ently related to the observational retrospective 
single-center design. The lack of a randomized setting 
with a control group being the most important lim-
itation. The absence of this randomized setting with 
a control group is important because the true effect 
of small airways treatment in this study could be 
obscured through confounding by unknown or 
unmeasured factors. Another limitation related to the 
study design was that in our study not all patients 
used the Akita® for a whole year. However, sensitivity 
analysis including and excluding the patients that did 
not use the Akita for the entire year did not change 
the primary outcome. Due to the missing data on 
adherence, the continuation of conventional treatment 
alongside and the study design related limitations the 
generalizability of our findings are limited. Therefore 
we cannot make any strong recommendation regard-
ing the true effect of small airways targeted treatment 
with the Akita. To cope with the aforementioned lim-
itations of a retrospective design and to further inves-
tigate the effect of small airways targeted treatment 
in severe asthma a randomized controlled trial should 
be conducted.

Conclusion

With this retrospective observational study we wanted 
to share our experience with small airways targeted 
treatment in children with severe (therapy resistant) 
asthma. In this study we observed that small airways 
targeted treatment with smart nebulizer technology 

decreased the amount of asthma-exacerbations and 
hospital admission after one year of treatment, com-
pared to the year before. However, due to the retro-
spective design of the study we can only speculate on 
the causality of this difference. Notwithstanding these 
limitations, the results in this study may support the 
potential role of small airways targeted treatment with 
a smart nebulizer in SA. International guidelines cur-
rently indicate biologicals are the preferred and rec-
ommended treatment option for patients with SA and 
type 2 inflammation. However, various factors, such 
as high costs, limited eligibility for treatment, the 
need for use of injections or intravenous infusion and 
unresponsiveness of disease in certain patients, mean 
that biologicals are not a suitable treatment for all 
patients. Treatment with the Akita® nebulizer or 
another smart nebulizer that can target the small air-
ways could therefore be a possible alternative or 
add-on in patients with steroid responsive severe ther-
apy resistant asthma.
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