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Summary 

Soft Mist Inhalers™, like the Respimat® SMI™, are officially called non-pressurized metered dose inhalers and 
provide unique medicinal aerosol generated features such as: a slowly moving aerosol cloud, a small droplet 
particle size, high fine particle fractions, as well as an intuitive user interface. A high medical need for an 
advanced aerosol treatment has been identified in horses. Based on the idea that Respimat® technology should 
be available across species, equine feasibility studies were conducted by Boehringer Ingelheim Vetmedica 
GmbH. Considering the upper airway geometry of horses and their typical breathing patterns as well as the user 
habits, a novel and innovative device has been built around the functional core units of the Respimat®. A set of 
relevant interfaces and characteristics has been defined, these include: the nostril adapter (connecting the nostril 
of the horse with the inhaler containing a breath indicator), and the handle with a dual-functional lever enabling 
single hand operation by the user. Here we describe the interdisciplinary cooperation of the design team, the 
resolution for the equine anatomical puzzle, aerosol science, human operational factors, and last but not least the 
coordination challenge of treating an animal. As a result of these studies, the EquiHaler® was designed to give 
relief to many suffering horses. In this inhaler an ethanolic solution, containing the 3rd generation corticosteroid 
ciclesonide, is used to treat clinical symptoms associated with equine asthma, formerly known as RAO (recurrent 
airway obstruction) and SPAOPD (summer pasture associated pulmonary disease). The combination of 
EquiHaler® and the ethanolic formulation generates an extra fine aerosol characterized by an adaptable 
therapeutic dose of 2.7 mg (8 actuations) and a mass median aerodynamic diameter of 1.5 µm, depending on the 
operating conditions of the impactor. 

Key Message 

The EquiHaler® is the first soft mist device developed for inhalation treatment of respiratory diseases in horses. 
The Equihaler device is based on the Respimat® technology, and demonstrates features that consider the specific 
anatomical considerations of horses as well as the ease of use for the operator.  

Introduction 

Many horses suffer from equine asthma, formerly also known as RAO (Recurrent Airway Obstruction) and 
SPAOPD (Summer Pasture Associated Pulmonary Disease). The inhaler design is based on the well-established 
Respimat® soft mist inhaler, and here the first tests are described. A multi-disciplinary team was formed and 
challenged with developing the prototype. Several design variants were created, using rapid prototyping 
technology (Fig. 1). In parallel, with the development of the handling principle, fully functional technical building 
blocks were assembled; paving the way for analytical method development. 

 

Figure 1 - Development history of the EquiHaler®: A first trial in horses was supported by the prototype at left. A 
conventional Respimat® device is attached to a transparent tube which is connected to the nostril adapter, to 
direct dose aerosol emission. The clear tube contains a one-way valve and a breath indicator in order to ensure 
coordination of inhalation and dose release. The same features were built into the analytical test device (center) 
which was used during development of the analytical tests. A circular valve plate is located in the circumference 
of the nozzle system. The horse's breathing is indicated by a diaphragm at the nostril adapter (breath indicator). 
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The endpoint of the development (right) considers usability engineering as single hand operation is possible. In 
addition to the breath indicator, a dose indicator is incorporated into the design.  

Experimental methods 

Usability engineering was applied in order to define the requirements, and the final design of the inhaler. It was 
known that horsemen guide their horses by the right hand and stay at the horse's left side. Thus, the inhaler must 
be activated using the left hand, even if the majority of horsemen are right handed (see Fig. 2). 

 

Figure 2 - Horsemen stand on the horse's left side and therefore the horseman's left hand should be used to 
prepare and to release the inhaler (double action feature). The necessary force has been tuned that also a 
smaller hand can tension the spring and then actuate the device by a second small movement of the lever. 

As shown by the Figures 1 and 2, the design of the EquiHaler® relies on a single nostril adapter. The aerosol is   
inhaled through the left nostril while the other nostril remains open. There is sufficient air flow during inhalation 
and furthermore, the one-way valve in the device is not stressed because the horse can exhale through the open 
nostril at any time. 

The analysis of the breathing pattern is important, as it is intended to treat horses at rest, therefore typical tidal 
breathing profiles have been recorded. The Pneumotachograph used was a MasterScope (Jaeger, Hoechberg, 
Germany). Also the inspiratory and expiratory pressure was measured at the blocked nostril (keeping the right 
nostril open all the time). Figure 3 gives an example of a typical pattern. 

 

Figure 3 - Inhalation air flow through one nostril (the other nostril stays open). Typical pattern measured with an 
adult horse (~500 kg). High flow rate and fast breathing are observed if the inhalation is new to the horse. 

Airflow and deposition simulations were carried out using the computational fluid dynamics program Fluent 
(Ansys, Canonsburg, Pennsylvania, USA). The internal cross section area of the inhaler was enlarged during 
development, thus avoiding internal losses of aerosol. The spray direction was aligned with the airflow and the 
valve design was modified to generate a circular sheath flow which further increased drug delivery efficiency. 
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In order to speed up analytical method development, functional sub-units were manufactured and measurements 
of delivered dose and particle size distribution were optimized at an early development state even without the 
complete inhaler being available. The laser diffraction apparatus consisted of a commercial analyser (Sympatec 
GmbH, Clausthal-Zellerfeld, Germany) with a measurement cell designed by Boehringer Ingelheim (BI)[1]. The air 
flow rate was set to 15 L/min in order to minimize dilution of the aerosol and to optionally link the analysis to an 
aerodynamic measurement method using the next generation cascade impactor which has a calibration at that 
flow rate available. 

Materials were selected according to experiences made with the Respimat® platform (Boehringer Ingelheim, 
Ingelheim, Germany). The nozzle assembly consisting of modified uniblock, nozzle holder, gaskets, and the 
central tube was copied from the Respimat® design, additionally the capillary with cambushing was re-used. Thus 
the metered volume was approximately the same as that of Respimat®. The formulation was switched from 
aqueous to ethanolic (90 vol.-% ethanol).   

 

Results  

The aerodynamic layout was optimized and combines nostril adapter, breath indicator, and valve holding 
chamber. This facilitates coordination of dose release with the horse's inhalation cycle. The cross section area 
inside the inhaler was large by design, as inhalation through the device and a single nostril competes with the 
open second nostril. 

 

Figure 4 – Computational Fluid Dynamic (CFD) simulations indicates low flow velocity of the air entering through 
the valve (right) and surrounding the slightly faster spray cloud, which is also slowed down through the device 
(graph shows outlet flow rate 40 L/min). 

Handling results indicate that the device can be well used in daily practice. This was checked during three 
workshops (one in Germany, two in the USA) with a total of 25 horsemen (BI employees). Coordination based on 
the breath indicator is simplified because the user can observe the breathing action by the movement of the 
diaphragm located at the nostril adapter (see also Figure 1). After user training, the dual-functional lever was used 
without difficulty. 

Analytical results indicate the reliability of the delivery system: The delivered dose consists of 8 or 12 actuations 
administered at a time. This results in an error-tolerant administration scheme, as the individual single inhalation 
has low statistical weight. The particle size distribution reflects an extra-fine soft mist (mass median diameter < 2 
µm, see Figure. 5) which should enable the drug-laden particles to follow the inhaled air through all regions of the 
horse's respiratory tract [2]. Tests with different spring forces characterize the robustness of the aerosol generation 
principle (Figure 5).  
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Figure 5 - Mass median diameter of the soft mist measured by laser diffraction (Sympatec Helos BF, R2 lens) with 
and without nostril adapter. Conditions: Air flow rate 15 L/min, T=22°C, RH=38.5%. Error bars indicate standard 
deviation. 

Discussion 

This development work was additionally characterized by a short feasibility phase which intentionally de-risked 
the project by first checking the clinical effects using a very simple prototype (data not shown). During the 
development phase, the device design was modified considerably, mainly based on CFD and usability 
considerations. Functional inhaler elements already known from the human inhaler platform were tested 
separately, as soon as functional samples were available. This integrated approach shortened the time required 
for development.  

Usability engineering was guided by international test groups of horse handlers, who confirmed the position of the 
horseman, the selected dexterity, and the overall applicability of the concept. The final design was also tested for 
mechanical robustness and ease of application. Other device configurations were also considered [3]. 

Studies of the horses’ inhalation pattern (see Figure 3 for an example) guided the selection of the spray duration 
and the detection of flow as well as the handling of the release action. On purpose, the breathing patterns of 
different horses with different conditions were investigated. 

Investigations were carried out to establish the robustness of the pharmaceutical parameters, e.g. the mass 
median diameter (MMD) of the aerosol leaving the inhaler. It was shown that the MMD only weakly depends on 
the mechanical spring force (Figure 5). As the device actively generates the aerosol after release, the generation 
of the aerosol is decoupled from the physical ability and performance of the user. Next Generation Impactor data 
were in reasonable agreement with the laser diffraction data, e.g. a mass median aerodynamic diameter (MMAD) 
of 1.5 µm has been determined. The small difference may be explained by shrinking of the particles due to 
evaporation inside the impactor. The extra-fine soft mist is indicated for the treatment of horses because the 
airway from the nostril to the lungs is long and premature deposition can be avoided by the small particle size. 
Controlled particle growth by hygroscopic properties can result in the desired deposition inside the lungs[4].  

Conclusion 

We report on the development of a soft mist inhaler designed to treat horses. In our view, data driven design 
decisions are very important and here they were taken in a timely manner. The modular understanding of building 
blocks and functional sub-units allowed to speed-up development timelines and to adapt the Respimat® platform 
device to a new application in animal health. In a concurrent approach, the analytical method development was 
supported to keep pace with the state of development of the device. 
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