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Summary 
 

In order to design pressurised Metered Dose Inhalers (pMDIs) that deliver their medication on target, it is 
important to understand the factors that may give rise to dosing variation. One such factor is the emission of 
agglomerates, in particular from pMDIs formulated as suspensions. This paper builds on previous work in 
developing methodology to quantify the emission of agglomerates in the emitted dose of pMDIs using an image 
analysis technique. In the new methodology, composite images were created by the use of an automated 
microscope stage to allow greater image resolution and a wider scan area to encompass the whole sample. The 
technique was then applied to a marketed suspension product, available as three different strengths to explore 
the effect of product strength of the emission of agglomerates through unit life. It was found that there was 
significant upward trending in agglomerate emission for each of the three tested product strengths, in particular 
between the start and the middle of life shots. The overall level of agglomerate emission as determined by total 
agglomerate area was however found to be of a similar order of magnitude across the product strengths.  The 
latter finding would suggest that agglomerate emission may be a more significant factor in affecting the dosing 
consistency of lower dose suspension products where the impact of a given mass of emitted agglomerates in the 
emitted dose, will be proportionately greater. Finally it is recommended that agglomerate emission should be 
minimised during system design by the appropriate use of formulation adjuvants or release coatings on the 
hardware components to minimise deposition. 
 
Introduction 
 

Emission of agglomerates by Metered Dose Inhalers (MDIs), in particular MDIs formulated as suspensions, is a 
major factor underpinning the consistently of the dose delivered. Previous work has focussed on developing 
methodology to rapidly quantify agglomerates in the emitted dose using image analysis, whereby the emitted 
dose from a pMDI was impacted onto a microscope slide and the agglomerates in the captured dose were able 
to be identified by their property of intense light reflection

1
. Further size analysis then allowed the agglomerates 

in a sample to be counted and sized with a “total size by area” chosen as a suitable means of comparative 
sample quantification

1
. The technique of the previous study was limited by two factors; firstly the pixel resolution 

of the single processed image limited the resolution of agglomerates smaller than about 20 microns in the 
sample and secondly, the single image technique limited the effective area of analysis such that some 
peripherally impacted agglomerates in the sample were not being captured in the analysis. The focus of the 
current study is the creation of an improved technique that builds on the previous technique and addresses the 
latter drawbacks. The new approach involves the use of a software-driven automatic microscope stage which 
allows the creation of composite images of higher resolution of the sample and which allows scanning of a larger 
and fully selectable area of the slide. Analysis of the composite higher resolution images then provides greater 
definition of all agglomerates and a lower limit to the effective detectable agglomerate size.  
 
In order to understand the effect of suspension product concentration on agglomerate emission behaviour, the 
new technique was then employed to explore the through-life agglomerate emission characteristics of a 
marketed MDI product available in three dosage strengths.  
 

 
Experimental  
 

1 Test set-up 
 

1.1 Sample preparation 
Samples were prepared by actuating MDIs onto a microscope slide from a distance of 5cm. This was facilitated 
by using a stainless steel jig to maintain precise positional alignment and separation of the actuator and slide. 
 

1.2 Sample mounting for microscopy 
Slides were mounted onto a ProScan automatic microscope stage (Prior Scientific) attached to a Nikon Eclipse 
E600 microscope fitted with a calibrated X5 objective lens, set for dark field illumination.  
 

1.3 Image capture 
The microscope objective was positioned manually to the centre of the slide impaction zone and using NIS 
Elements AR software, a composite image was captured using an 8 X 8 image scan of the impaction zone. 
Background correction was applied automatically to remove the “grid effect” caused by the slight brightness 
gradient that typically occurs from the centre to the edge of each image of the composite 8 X 8 image, (see 
Figure 1).  
 

 



 

 
Figure 1  A typical 8 X 8 composite raw image showing the emitted dose containing agglomerates 
captured onto a slide  prior to the application of background correction to remove the “grid effect”  

 
 
1.4 Image analysis 
Composite images were individually examined and thresholded for light intensity to filter out the low intensity 
non-agglomerated material and to highlight the highly reflective agglomerates. Following light intensity 
thresholding, a size filter restriction was then applied to filter out agglomerates greater in size than 200 microns 
and less in size than 20 microns. The lower size filter restriction was employed to eliminate the possibility of 
analysing small groups of overlapping but non-agglomerated particles and the upper restriction filter was utilised 
to avoid the possibility of counting an occasional large foreign particle, (see Figure 2).                     
 

 
Figure 2 A selected region of a composite image at high zoom setting to show particles after the 
application of background correction, light intensity thresholding and size filtration  

 
2 Assessment of through life emitted agglomerates for a marketed suspension pMDI product available at 3 
different product strengths 
 

Samples of three strengths of a marketed suspension pMDI product were obtained for analysis. The products 
were stated as delivering a total active ingredient emitted dose of 75, 150 and 275 mcg respectively for the low, 
the mid and the high strength product systems. 
 

 



2.1 Sample preparation 
 

Three units were tested for each of the three strengths of the test product system and samples were collected 
onto slides at the start, the middle and the end of unit life points, where 3 individual consecutive actuations were 
captured onto separate slides. Waste shots between the start to middle and middle to end shots were actuated 
without the test actuator, using an Autofirer (model FD-10 Innova Systems Inc), employing a 30 seconds delay 
between actuations. The test actuator was used for the four priming shots prior to the collection of the start shots 
and then subsequently for the three test shots at the start, the middle and the end of life points. After each series 
of waste shots, the stem tip of each unit was wiped with a lint-free cloth to avoid the possibility of transfer of any 
material that may have accumulated on the stem tip during the actuation of waste shots, to the test actuator.    
 
2.2 Results 
 
Image analysis was performed on each slide as described above. The area values for each agglomerate 
detected were calculated by the Image Analysis software and then summed to arrive at a value for agglomerate 
total projected area per shot (actuation).  
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Figure 3 Emitted agglomerate quantification per shot through unit life for marketed low strength suspension 
product 
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Figure 4 Emitted agglomerate quantification per shot through unit life for marketed mid strength suspension 
product 
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Figure 5 Emitted agglomerate quantification per shot through unit life for marketed high strength suspension 
product 
 
Discussion 

 
Significant upward trending in agglomerate emission was seen for each of the three product strengths between 
the start and the middle actuations. Interestingly there was little correlation between product strength and level of 
agglomerate emission and it would be expected therefore, that agglomerate emission would have a significantly 
larger effect on delivered dose variability for the low strength system compared to the high strength system, 
since the mass of agglomerates would be proportionately far higher for the low strength system relative to the 
target delivered dose.  It appears that agglomerate emission is not only significantly lower at the start of life than 
at the middle or the end of life, but it is also more consistent. It is postulated that the reason for this may be due 
to the agglomerates at the start of life arising primarily from actuator deposition in the stem block where fluid 
shear rates are high and where there is likely to be a fairly consistent and balanced process of deposition 
followed by the breaking away of deposits and emission as agglomerates. During and beyond the start of life of a 
unit, it is further postulated that drug deposition occurs progressively and more extensively on the valve internal 
surfaces, until a point is reached where the deposits become unstable and start to flake away due to fluid shear 
forces within the valve, in particular during valve refilling and actuation. This effect typically correlates with the 
collection of the mid life shots and hence at this point onwards, large numbers of agglomerates are typically 
detected. Agglomerate emission will however always be likely to be a rather haphazard effect, as the point of 
instability of the deposits that gives rise to them will not be likely to be precisely predictable.  
 
An additional trend in the data of potential significance is the observation that the first actuation in the sequence 
of three, at the middle of life collection stage in particular, typically exhibited the highest agglomerate area count 
and the two subsequent actuations showed a stepwise reduction in area counts. This effect was also reported 
previously

(1)
 for marketed salbutamol-based suspension product systems and is postulated to be due to changes 

in deposit stability prior to the actuation of sampling shots, arising from the delay between the wasting of shots 
and the first actuation sampled onto the slide. This effect may contribute significantly to measured through life 
dose variability and it therefore would be wise to explore the possible effects of such delays during dose 
collection test method development.   
 
Finally it would be prudent for the formulator to explore ways to reduce the potential for the uncontrolled 
deposition of active substance/s onto MDI components, for example by the use of formulation adjuvants or 
component release coatings, thereby minimising the potential for the emission of agglomerates and maximising 
system dosing performance consistency.   
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