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Summary 

The paediatric development of Respimat® Soft Mist™ inhalers (SMI) is reviewed. From a regulatory point of view 
these are non pressurized metered dose inhalers. They have in common that their aerosols exit at low velocity and 
that they have initially been designed for use by adults. The effect of the age of young users was investigated in 
vitro and by two handling studies as well as in conventional clinical trials. Study 1 (Bickmann et al.) [i] dealt with the 
question below which age a combination of Respimat® and valved holding chamber (VHC) is required, and which 
degree of assistance by care givers may be appropriate. Study 2 (Kamin et al.) [ii] investigated the handling by 
children from 4 to 12 years. The judgement by study personnel was supplemented by the capture of air flow profiles 
which permitted objective evaluation of the success of the inhalation manoeuvre and served as a basis for in vitro 
evaluations of aerosol devices for young children. Results: Inhalation flow profiles should be acquired during 
training and administration of medication in order to predict and optimize drug deposition. In the first years of life, 
inhalation parameters (e.g. volume, flow rate) increase rapidly. For that reason, age, airway dimensions, and 
estimated lung dose are correlated when using a suitable combination of inhaler and VHC. A suitable VHC with 
face mask is recommended below the age of 5. Without VHC, Respimat® may be used by children at the age of 5 
and above.  

Introduction 

The aim of this contribution is to compile the rationales for paediatric applications of soft mist inhalers. As a model 
for treatment of very young children (below 5 years), Placebo Respimat® was connected to the AeroChamber Plus® 
with Flow Vu® VHC with face mask (Trudell Medical International, London, Canada). Relevant geometrical data of 
children in different age groups were obtained, and flow profiles and handling information were determined in a 
clinical handling study. In the older age groups, the children used the Respimat® inhaler “as is” without accessory 
devices (e.g. VHC) and without help by parents or caregivers. Apart from the success statistics, the quality of the 
inhalation by children aged between 4 and 12 years was estimated capturing inhalation flow profiles. The initial 
inhaler development described so far did not expose any child to drug. In the view of the authors it may be helpful 
to conduct the development of future paediatric inhalation systems mainly based on in vitro data, combined with 
advanced handling studies taking into account inhalation flow profiles as an important end point. Finally, clinical 
studies are important for the overall Design Validation and demonstrate the operability under real life conditions. 

Experimental methods 

In a first approach the fine particle dose to the lung for children below 5 years of age using the Respimat® inhaler 
with a valved holding chamber (VHC) was estimated by in vitro tests. A set up according to Fig. 1 was used. In 
order to account for the child’s age, different mouth throat models[iii]  (see Fig. 2) were inserted and the 
corresponding air flow profiles were simulated. 

 

Figure 1 - Schematic arrangement of the experimental set up for the in vitro measurement of particle size 
distributions available at the exit of a mouth-throat model. The climatic chamber controlling the humidity around the 
VHC (spacer) is not shown. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - Mouth throat models. From left to right: approximate age group: 4 to <5 yrs, 3 to <4 yrs, 2 to <3 yrs, 1 to 
<2 yrs.  

Removing the spacer in Fig. 1 and replacing mouth throat models by those of older children, the similar set up can 
be used to determine the output of the inhaler under test when other flow profiles are applied. 

Materials:  
The humidifier, the mixing inlet, flow valves, and the mouth throat models were manufactured in BI’s workshop. 
The other components are: pneumotachograph (Jaeger MasterScope spirometer, Carefusion), electronic lung 
simulator (ASL 5000 Breathing Simulator, IngMar Medical), NGI (Pharmaceutical Next Generation Impactor, 
Copley), and the vacuum pump (RV-8, Edwards). Equivalent equipment is available from Copley as a single source 
supplier. 

 

 

Results.   

The handling studies with Respimat® indicated that the team consisting of care giver and child can perform 
successful inhalation manoeuvres (child below 5 years) with a combination of soft mist inhaler and valved holding 
chamber. Figure 3 demonstrates the essentially different breathing patterns for the combination with VHC on the 
one hand and with Respimat® alone (child 5 years and above) on the other hand.  

In vitro data obtained with flow profiles and at constant flow rate indicate an age dependence of drug delivery. It is 
also noted that a time delay between release of dose of the inhaler and the emptying process may be introduced. 
Measurements having a defined delay characterize the aerosol deposition inside the valved holding chamber. The 
half time period in all experiments was above 10 seconds, indicating that there is plenty of time for taking several 
breaths (5 breaths are recommended by the manufacturer). 

  



 

Figure 3 - Difference between breathing modes using Respimat SMI alone (top) and applying a combination with 
valved holding chamber and Respimat (bottom) 

 

Recent measurements indicate that (similar to pMDI data) the drug delivery depends on the flow rate applied to 
the combination of SMI and VHC, see Table 1. 

 

Table 1 - Fine particle fraction (FPD of DD in %) leaving the VHC (rounded). This is more than a typical value from 
Respimat® alone and indicates that coarse particles are preferentially retained by the VHC.  

 

1) FPD in percent of label claim of Respimat alone. 
2) DD in percent of label claim of Respimat alone. 

 
 
 

 

 

 

  



 

 
Discussion and conclusion  

Young children below the age of five are conveniently treated by combining SMI and VHC. The treatment results 
for the Respimat® SMI in an age appropriate reduction of dose because of deposition inside the VHC. Children 
older than 5 years can use the Respimat® without VHC. Regulatory bodies apply the ICH age grouping and 
therefore consider Respimat® without VHC for use of school children having an age of 6 years and above. Below 
the age of 5 years conventional testing with so-called “paediatric flow rates” (see Table 1) shows that at a flow rate 
of 12 L/min more drug can be obtained from the VHC than at the lower flow rates. In the publication by Bickmann 
et al. a similar trend was observed in the age dependence of the modelled dose to the lung and the urinary excretion 
at steady state, which was used as indicator for drug deposition. Technically speaking, soft mist inhalers can 
generate a slow aerosol cloud which does not impact immediately with the walls of the VHC and therefore they 
may favour the use of valved holding chambers. In conclusion, the quoted in vitro, and clinical results present 
increased scientific evidence for the administration of Respimat, e.g. tiotropium Respimat® with AeroChamber 
Plus® Flow-Vu® VHC in 1–5-year-old patients with persistent asthmatic symptoms. For the full evaluation of clinical 
safety and efficacy in these patients, additional clinical trials are required. 
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