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define ‘small children’

http://www.telegraph.co.uk



growing up from baby to adult - what is changing?

Source: https://thoracickey.com/the-respiratory-system/
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growing up from baby to adult - what is changing?

Source: https://thoracickey.com/the-respiratory-system/   https://doi.org/10.1371/journal.pone.0106835



body weight & spirometry

wikimedia commons



lung volume

Yang et al  - Pediatrics - 2016



tidal breathing volume & frequency
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Flow profiles

0.6 years

Examples of paediatric  
flow profiles 

Visualization of the variability 
of flow profiles obtained from 
healthy volunteers. 

Measurements performed 
with AeroChamber Plus with  
Flow-Vu VHC with face mask.
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Standard of Care

Janssen JM et al. J Aerosol Med 2003, 16: 4: 395-400
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Which device from which age?

S Pedersen et al.

212PRIMARY CARE RESPIRATORY JOURNAL
www.thepcrj.org

(Figure 1). Spacers can also be used for delivery of
bronchodilators during attacks of acute bronchoconstriction
when they are as effective as nebulisers.34

Most children younger than 6 years old can also be taught
the effective use of a spacer. The younger age groups need a
face mask attached to the mouthpiece because they cannot
fit their lips tightly around the mouthpiece.32 Although never
studied formally, young children require several more training
sessions than older children before the inhalation technique is

acceptable. In these age groups help from the parents is
required.

The inhalation technique with spacers is simple, and quiet
tidal breathing normally results in a good clinical effect.35 This
inhalation technique is the only possible option in children
younger than 4 years old. However, one study found that, when
inhaling an extra fine particle formulation from a spacer, one
deep inhalation followed by breath-holding resulted in
significantly improved lung deposition compared with tidal
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Figure 1.  Proportion of children at the first author’s clinic, who, after repeated, individual, personal instructions,
practice at home and demonstrations of the inhalation technique by the child, demonstrated a correct inhalation
technique on at least three of four demonstrations. The instructions were given by an experienced nurse. Over the
years 1682 patients have been instructed according to the same plan. The number of tuitions and instructions varied
from two to eight (mean 3.2). Age and the psychomotor skills of the child influenced the number of training sessions.
DPI = dry powder inhaler, pMDI = pressurised metered dose inhaler (freon). The breath-actuated pMDI was a HFA pMDI.

Age groups Optimal technique Most common problems

pMDI Children > 8 years Exhalation followed by inhaler Coordination of actuation and inhalation. 
actuation early during a slow Stop of inhalation at actuation.
(30 l/min.) deep inhalation followed Inhalation through the nose and actuation into the 
by 10 sec. breath-holding mouth.

Slow inhalation is difficult

Breath-actuated Children > 7 years Exhalation followed by a slow Slow inhalation is difficult
pMDI (30 l/min) deep inhalation Stop of inhalation when dose is released

followed by 10 sec. breath-holding

Dry powder inhalers Children > 5 years Exhalation followed by a deep, Dose lost if child exhales through the inhaler
forceful inhalation Insufficient inhalation flow rate
(minimal effective flow varies from Dose loading problems*
one type of inhaler to another

Spacer with A) Children < 3 years Slow deep inhalation (30 l/min.) Static electricity reduces output* (output reduced 
valve-system (Use face mask) followed by 10 sec. breath-holding or after cleaning)

B) Children > 3 years Slow tidal breathing starting Air leakage during inhalation due to loosely fitting 
(No face mask) immediately after actuation. face mask

Actuation of only one dose per Multiple actuations into spacer
inhalation Crying during administration

*  Device dependent 

Table 1. Inhaler strategy, optimal inhalation technique and most common problems with correct inhaler use in children.

Copyright PCRS-UK - reproduction prohibited

http://www.thepcrj.org
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Pedersen et al. The ADMIT series – Issues in Inhalation Therapy. 5) 
Inhaler selection in children with asthma. Prim Care Respir J 2010. 
19:209-216.



nebulisers



Patient Interfaces

MacLoughlin (2016) Can aerosol therapy keep pace with innovations in patient care?: A review. DDL26 



details do matter - e.g. well fitted mask

Erzinger S et al. JAM 2007 Suppl S78 – S84



DPIs
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When is a passive DPI considered suitable?
› CHMP (EMA) position paper (2006):  ≥6 years (possibly 2–5 years) 
› ADMIT working group (2010):  ≥5 years 
› ERS/ISAM Task Force report (2011):  ≥5–6 years 

› Mostly focused on understanding of inspiratory manoeuvre 

› What about physical capacities? 

› And device acceptance?
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Applicability of DPIs in school children
› Systematic approach: 

▪ Test inhaler with variable settings 
▪ Multiple inspiratory parameters 
▪ Abilities, capacities, and preferences 

› Two separate studies: 
1) mostly healthy children from a primary school near Groningen 
2) children with CF from the outpatient clinic of Beatrix Children’s hospital  

 
study 1 to explore which inhaler settings be used in study 2
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Test inhaler
› Dummy 
› Differential pressure gauge 
› Exchangeable airflow resistance 
› Exchangeable mouthpiece 
› Sinuscope

[1] Laube et al. ERS/ISAM Task Force report. 
ERJ 2011

Resistance modes
kPa0.5.min.

L-1
type 

R1 0.055 high
R2 0.044 high

R3 0.039 medium-
high

R4 0.031 medium
R5 0.025 medium
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Results: inspiratory parameters



soft mist inhalers



SPhERe Conference autumn 2017       -   Micro nozzles for soft inhalers  -  H. Wachtel 24

The number of  Soft Mist inhalers is growing
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Results using throat models

Dataset AeroChamber Plus (antistatic)

age group
percent of label claim

Filter dose (SD) FPDTL (SD)

0-<2 14.2 (±5.0) 9.0 (±2.2)

2-<3 41.3 (±5.2) 13.3 (±0.7)

3-<4 40.8 (±1.8) 15.8 (±0.7)

4-<5 54.1 (±4.1) 29.7 (±3.1)

Recent measurements using  

• paediatric flow profiles 
and  
• mouth throat models 

indicate similar behaviour of 
the latest version of the 
AeroChamber Plus with Flow-Vu 
(antistatic) VHC

25
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Simulation data compared with trend of  
urinary excretion marker

Bickmann et al., JAM, 2015

26



testing inhalers  
for/with children - how?

Scintigraphy studies
ethical issues about in vivo 
measurement of deposition in 
children, such as concerns 
about the use of radiolabeled 
aerosols

1
Animal models (small 
mammals)
relevance of these models is 
limited because, though the 
airways of a 2-kg animal are 
of similar diameter to a 
newborn infant, the airway 
anatomy is substantially 
different and the animals do 
not have underlying disease

2
In vitro testing
no anatomy present  
in current models

3
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Testing the Combination of Respimat and VHC

Ethical Dilemma: 
• Ethics require well tested drugs for all, including children, 

and at the same time prevent them from being exposed to 
investigational medicinal products. 

Possible way out: 
• use realistic models  
   as often as possible,  
   and  
• discuss acceptance. 

28
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Testing the Combination of Respimat and VHC

Possible way out: 
• use realistic models  
   as often as possible,  
   and  
• discuss acceptance. 

V=0.0398 L V=0.0245 L V=0.0148 L V=0.0112 L

Mixing Inlet to NGI                    V=0.029 L
USP throat + Adapter                V=0.095 Lflexible masks   V=0.06 to 0.09 L

for comparison: adult model V=0.079 L

29



Virtualized patients

        
Functional   
        
Respiratory 
        Imaging
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FRI DEPOSITION: WHAT 
IS NEEDED

• Patient geometry
• Intrathoracic
• Extrathoracic

• Breathing data
• At mouth
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• Plume characteristics
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Pediatric  
drug use

The NIH reports that 70% of medicines given 
to children have only been studied in adults; 
therefore, most drugs used to treat diseases 
in children are used off-label — without an 
adequate understanding of the appropriate 
dose, safety, or efficacy. Off-label prescribing 
has become the treatment of choice 
because of the lack of clinical trials in the 
pediatric population. Compounding this issue 
are the unique challenges of conducting 
studies in the pediatric population. 
Physiological and psychological diversity of 
pediatric age groups can affect study 
designs and increase timelines and costs.

Discussion




