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Summary 

The ISO 27427:2013 (E) standard states that jet nebulizer performance should be compared by the percentage of fill 
volume which is delivered. 

(1)
 Should mesh nebulizers be assessed in the same way? 

In this study, we compared 2 mesh nebulizers: the Aeroneb Go and eFlow. The 2 mesh nebulizers were compared in 
terms of particle size by laser diffraction and delivered dose, respirable delivered dose, and efficiency using simulated 
breathing patterns with different inhalation:exhalation ratios. To characterize the nebulizers, 2.5 mL of 5 mg/2.5 mL 
salbutamol sulphate solution was used. Three of each nebulizer type were tested once, resulting in n=3. A filter was 
used and placed between the ASL 5000 breathing simulator and the nebulizer to capture the aerosol available to the 
patient. Aerosol deposited on the filter was analyzed by high performance liquid chromatography. Respirable 
delivered dose and respirable delivered dose efficiency were subsequently calculated from the particle size, delivered 
dose and nebulizer fill. All percentages are expressed relative to nebulizer fill. The delivered dose efficiency for the 
eFlow nebulizer ranged from 28.17% to 14.15% across the breathing patterns, and for the Aeroneb Go nebulizer it 
ranged from 39.13% to 19.16%. Efficiency in terms of respirable delivered dose ranged from 18.20% to 9.14% for the 
eFlow nebulizer compared with 25.62% to 12.55% for the Aeroneb Go nebulizer across the breathing patterns. The 
Aeroneb Go nebulizer was the more efficient nebulizer in terms of delivered dose efficiency and respirable delivered 
dose efficiency. This variability suggests that mesh nebulizers need the same performance tests as jet nebulizers.  

Introduction 

We previously reported that the ISO 27427:2013 (E) standard has a new performance disclosure regarding the 
percentage of fill volume delivered from nebulizers. In this previous study, we highlighted that the standard does not 
specify the fill volume to be used and this could potentially lead to misleading data as there is variation between 
nebulizers across the range of fill volumes. 

(2)
 Is this the only potential issue with the standard? The standard includes 

the following performance disclosure: “for gas-powered nebulizers, the percentage of fill volume emitted and 
percentage of fill volume emitted per minute at the minimum, nominal, and maximum driving gas flows with the 
corresponding pressures”. 

(1)
 It does not specify any requirements for the percentage of fill volume emitted for mesh 

nebulizers. Should mesh nebulizers be assessed in the same way?      
 
We tested 2 different brands of mesh nebulizers using one drug to highlight how varying 2 brands of mesh nebulizers 
can be. We characterized the nebulizers in terms of particle size by laser diffraction, delivered dose, respirable 
delivered dose, delivered dose efficiency, and respirable delivered dose efficiency using adult breathing patterns with 
differing inhalation:exhalation (I:E) ratios.  

Method  

 

Table 1: Breathing pattern code and parameters. 

Pattern 

 Breathing pattern parameters 

Tidal 
volume 
(cm3) 

I:E ratio 
Peak inhalation flow 

(L/min) 

Breaths 
per 

minute 

A 500 1:1 23.1 23.1 15 

B 500 1:2 23.1 23.1 10 

C 500 1:3 23.1 21.5 7 

D 500 1:4 23.1 23.1 6 

 

 



Three Aeroneb Go (Respironics Respiratory Drug Delivery (UK) Ltd, Chichester, UK) and 3 eFlow (PARI GmbH, 
Starnberg, Germany) mesh nebulizers were characterized in terms of particle size by laser diffraction and output to 
filter using 4 breathing patterns. Three nebulizers of each type were tested once resulting in n=3 for output to filter 
and one of each nebulizer was tested in triplicate for particle size determination. 

Particle size: 

Nebulizers were characterized by laser diffraction with the Malvern Spraytec (Malvern Instruments Ltd, 
Worcestershire, UK). Each nebulizer was charged with 2.5 mL of 5 mg/2.5 mL salbutamol sulphate solution (Salamol 
Steri-Neb, IVAX Pharmaceuticals, West Yorkshire, UK) directly from the respule. The Malvern Spraytec was set up 
with an extraction flow of 30 L/min and shroud air of 10 L/min. The device under test was connected to the flow cell 
using an elastomeric-lipped ISO connector (Intersurgical Ltd., Wokingham, UK) and the join was sealed with parafilm. 
The Malvern Spraytec and nebulizer were started simultaneously and the nebulizer was stopped after 2 minutes. 
Data for each run for 120 records was averaged to provide mean mass median diameter (MMD) and fine particle 
fraction (FPF).  

Output to filter with 4 simulated breathing patterns: 

Nebulizers were characterized using the ASL 5000 breathing simulator (IngMar Medical Ltd, Pittsburgh, PA, USA). 
Each nebulizer was charged with 2.5 mL of 5 mg/2.5 mL salbutamol sulphate solution directly from the respule. The 
ASL 5000 was set to simulate one of the 4 breathing patterns. A filter was placed at the end of a short piece of 
elephant tubing attached to the ASL 5000, inside a fume hood. The nebulizer under test was attached to the filter 
using a 22 mm elastomeric-lipped ISO connector and the join was sealed with parafilm. The breathing pattern was 
started and after approximately 10 seconds, the nebulizer and the timer were started simultaneously. The filter was 
processed for high performance liquid chromatography analysis to provide the delivered dose. 

The respirable delivered dose was calculated by multiplying the delivered dose by the FPF. Delivered dose efficiency 
was calculated by dividing the delivered dose by the fill dose, and respirable delivered dose efficiency was calculated 
by dividing the respirable delivered dose by the fill dose. 

Results  

Table 2:  Particle size data (MMD and FPF % <5 µm) for the eFlow and Aeroneb Go nebulizers (n=3). 

Nebulizer 
MMD ᵃ FPF ᵇ % <5 µm 

Mean  SD ᶜ Mean  SD ᶜ 

 eFlow 4.13 0.10 64.60 3.10 

Aeroneb Go 4.00 0.20 65.47 4.25 
a
 Mass median diameter (MMD); 

b
 fine particle fraction (FPF); 

c
 standard deviation (SD). 

 

 

Figure 1: Average delivered dose for the eFlow (EFW) and Aeroneb Go (GO) nebulizers across 4 breathing patterns 
with increasing exhalation periods (n=3).  



 

Figure 2: Average nebulizer efficiency (delivered dose (DD) / fill dose) × 100 across the 4 breathing patterns with 
increasing exhalation periods for the eFlow (EFW) and Aeroneb Go (GO) nebulizers (n=3). 

 

 

Figure 3: Average respirable delivered dose across the 4 breathing patterns with increasing exhalation periods for the 
eFlow (EFW) and Aeroneb Go (GO) nebulizers (n=3). 

 

 

Figure 4: Average nebulizer efficiency (respirable delivered dose (RDD) / fill dose) × 100 across the 4 breathing 
patterns with increasing exhalation periods for the eFlow (EFW) and Aeroneb Go (GO) nebulizers (n=3). 



Discussion 

These results highlight that there was a difference in performance and efficiency between the 2 nebulizers. As with 
conventional jet nebulizers, when the exhalation period of the breathing pattern increased, the efficiency decreased 
as more aerosol was lost to the environment. 

(3)
  

 
The delivered dose efficiency and respirable delivered dose efficiency of the Aeroneb Go were circa 1.3 to 1.4 times 
higher than those of the eFlow across all the breathing patterns.  

Although the current standard for nebulizer testing ISO 27427:2013 (E) states that the efficiency of jet nebulizers 
should be measured in relation to the percentage of the fill volume delivered from the nebulizer to enable comparison 
of the potential effectiveness of nebulizers, 

(2)
 these results suggest that mesh nebulizers should be assessed in the 

same way.  
 

Conclusion  

 Mesh nebulizers vary in efficiency in terms of percentage of delivered and respirable delivered dose emitted 
from the nebulizer, as with conventional jet nebulizers. 

 The ISO 27427:2013 (E) standard should address nebulizer performance for mesh nebulizers in terms of 
percentage of fill volume emitted from the nebulizer. 
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