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Introduction

Colistin solution, available in two different concentrations, administered by aerosol is an established treatment of cystic fib-
rosis. Conventional nebulizers require either a large filling amount or a high concentration of the compound. Due to poor ef-
ficiency of these nebulizers only a small fraction is deposited in the targeted lung region. 
The AKITA JET® nebulizer system guides the patient through the inhalation treatment using a controlled flow rate and inha-
lation volume. A jet nebulizer (based on PARI LC SPRINT® Sinus) is triggered by the device at a pre-selected period of time 
once the patient starts to inhale. In order to both individualize breathing pattern as well as assure correct dosage and repro-
ducible drug delivery, a Smart Card  is incorporated into the AKITA JET® inhalation system. 
The objective of this study was to demonstrate an equivalent lung dose of Colistin CF 1Mio. IE/3ml (Forest GmbH,) applied 
with the AKITA JET® nebulizer system compared either to the standard inhalation therapy with Colifin 1Mio. IE/3ml (Pari 
Pharma GmbH) or to a high dose therapy with Colifin 2Mio. IE/4ml (Pari Pharma GmbH) both inhaled with the Pari eFlow® 
rapid nebulizer. Therefore both nebulizer systems were investigated in terms of particle size distribution and delivered dose, 
respectively. Additionally lung dose was calculated using the ICRP lung deposition model.

Conclusion

In this aerosol characterization study it could be demonstrated that the AKITA JET® can be adjusted to deliver an equivalent 
lung dose using 1 Mio. IE Colistin filling amount compared to 2 Mio. IE filled into the Pari eFlow® rapid system. However, 
a lower delivered dose (defined as drug dose that is available at the mouthpiece and would be inspired by the patient, not 
including losses into the ambient air and nebulization during the exhalation phase) is required using flow and volume regula-
ted breathing pattern by the AKITA JET®. 
In summary, our study demonstrates the feasibility of the controlled-breathing method for Colistin CF inhalation in cystic fi-
brosis patients. Compared with conventional inhalation techniques this method allows a reduction of the delivered dose of 
30-40 %, while having comparable lung dose of the medication. It has to be noticed as well that it is possible to achieve 
an equivalent lung dose with the standard therapy medication. The only thing that changes is the Smart Card setting and 
the number of breaths. If you run the AKITA JET system until the nebulizer is empty, it is possible to achieve a maximal lung 
dose which can double the drug amount in the lungs compared to the high dose therapy. However, this maximum-setting 
should not be used in patients on a routine basis as safety and tolerability have to be revaluated for increasing the lung 
dose. Other two aspects to consider when treating patients frequently with inhaled antibiotics are side effects due to dis-
persion of the drug into the environment and the extrathoracic deposition. These may be reduced by using the AKITA JET® 
as a result of controlled-breathing method, aerosol pulse technology and a very low flow rate. Most of the aerosol is depo-
sited within the lungs and not in the throat or being exhaled. 

Materials and Methods

While Colistin CF 1Mio. IE/3ml was aerosolized by a jet nebulizer with controlled breathing and aerosol pulse technology 
(AKITA JET®) as well as by a commonly used mesh nebulizer (Pari eFlow® rapid) the high dose (2Mio. IE/4ml) was aeroso-
lized with the Pari eFlow® rapid only. Both devices were investigated in regards to particle size distribution and delivered 
dose (DD). All measurements were performed with one nebulizer handsets each fivefold. AKITA JET® nebulizer was filled 
with 3 ml Colistin CF inhalation solution containing 1 Mio. IE/3ml colistin. Pari eFlow® rapid was either filled with 3 ml of a 
1 Mio. IE/3ml formulation or 4 ml 2Mio. IE/4ml formulation. Particle size distribution was determined using a laser diffraction 
particle sizer (Helos, Sympatec). Delivered dose was assessed by spectrophotometric analysis of filter samples. Therefore 
Colistin CF was nebulised and collected on a filter. The amount of colistin on the filter was determined by spectrophotome-
ter. To determine the delivered dose filter samples were taken while patient’s breathing was simulated (Hans Rudolph, USA). 
For the Pari eFlow® rapid a sinus breathing pattern was used to simulate patients breathing (0.5 l/breaths, 15 breaths/min). 
This breathing pattern is according to EN 13544 [7]. 
An optimized breathing pattern was used during output tests controlled by the AKITA JET® with 5.0 sec inhalation time per 
breath. This breathing pattern is typical for patients with cystic fibrosis using the AKITA JET® inhalation system. 
Lung deposition of Colistin CF with both nebulizers and both concentrations was calculated using deposition modelling 
(ICRP). 

Results

MMD (µm) GSD FPF (%)

Mean SD Mean SD Mean SD

AKITA JET
1 Mio. IE/3 ml 3.29 0.05 1.95 0.03 75.67 1.32

Pari eFlow rapid
1 Mio. IE/3 ml 4.05 0.07 1.61 0.03 68.31 2.01

Pari eFlow rapid
2 Mio. IE/4 ml 3.92 0.03 1.56 0.01 72.25 0.45

Table 1: Particle size (MMD) measured by laser diffraction
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Figure 1: Quantitative losses of medication in nebulizer systems

filled

Loss of medication with 
AKITA® JET Inhalation System

100% 100%

released

60%

inhaled

35%

deposited

15%

filled

60%

released

60%

inhaled

54%

deposited

Controlled
 breathing 
manoeuvre

Breath-controlled 
nebulisation

Residual volume Residual volume

Continuous 
nebulisation uncontrolled 

breathing 
manoeuvre

Loss of medication 
with conventional nebulisers

dosedose

Figure 2: Calculation of emitted dose to achieve an equivalent lung dose using the AKITA JET®
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Figure 3: Comparison of delivered dose (DD) and lung dose 

DD [mg]

Lung Dose [mg]

AKITA® JET
1 Mio. IE/3 ml
equivalent to

1Mio. IE

Pari eFlow rapid
1 Mio. IE/3 ml

AKITA® JET
1 Mio. IE/3 ml
equivalent to

1 Mio. IE

AKITA® JET
1 Mio. IE/3 ml
Maximal Dose

Pari eFlow rapid
2 Mio. IE/4 ml

24.01 17.5716.63 7.4411.42 8.36 28.87 17.61 44.01 32.20

Results from delivered dose characterization and deposition calculation are shown in the following figure.


