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Summary 

 

The performance of Dry Powder Inhalers (DPIs) is dependent on several factors including device design, 
formulation properties and the patient’s inspiratory effort

 (1)
. Standard in vitro tests for DPIs employ cascade 

impactors with square-wave inhalation profiles 
(2)

, however DPI performance can be affected strongly by both 
peak inspiratory flow rate (PIFR) and acceleration rate 

(1,3)
.  

The use of more patient-relevant testing methodologies using Oropharyngeal (OP) models and more realistic 
inhalation waveforms 

(4-6)
 is becoming more common as a consequence of efforts to improve in vivo/in vitro 

relationships (IVIVR) and to apply Quality by Design (QbD) principles to DPI development. Using an Alberta 
Idealised Throat (AIT), OP model in conjunction with an inhalation simulator, this study evaluated the 
aerodynamic particle size distribution of emitted doses from the Breo

®
 Ellipta

TM
. Using a series of idealised 

inhalation profiles, a range of pressure drops and acceleration rates were applied in a Design of Experiment 
(DoE) based approach. Measurements of Fine Particle Mass (FPM), Impactor Sized Mass (ISM) and OP 
deposition indicated that the aerosolisation and delivery of drug to the impactor varied independently for each 
formulation and depended on the inhalation profile applied. Of the factors studied, acceleration rate was found to 
have a significant influence on FPM and ISM whereas the flow rate through the device was found to have no 
influence.  

It is proposed that the methodology described herein can yield an improved description of a DPI product’s 
performance when tested under more realistic conditions, reflective of the influences brought to bear during 
actual patient use. Testing orally inhaled pharmaceuticals (OIPs) in this way may better inform QbD approaches 
to inhaled product development.  

Introduction 

 

The pharmaceutical performance of DPIs is influenced by i) the device internal geometry and the manner in 
which the formulation is processed, ii) the physicochemical properties of the formulation and iii) the flow through 
the device imparted by the patient’s inspiratory effort. Therefore, analysing the true performance of DPIs is 
complex and can be difficult to achieve with standard QC-orientated methodologies. Whilst the application of 
more patient-relevant techniques in performance testing during the development of DPIs remains at an 
evolutionary stage, there is increasing evidence that the use of OP models and representative inhalation profiles 
is useful for the development of DPIs where the innovator organisation is pursuing a QbD approach. There are 
ongoing exchanges between regulators and key opinion leaders on which in vitro tools will prove to be more 
useful in product development 

(7)
, although, currently, data used to evaluate products is primarily generated using 

cascade impactors such as the Next Generation Impactor (NGI) 
(2)

.  Using standard quality control (QC) 
techniques is not representative of the heterogeneous typical inhalation profiles achieved by patients using a DPI. 
Standard NGI testing, applying high acceleration rates and uniform pressure drops across a DPI under test, may 
therefore result in a loss of information useful for product development. It has been demonstrated that the 
inhalation profile, in particular the peak inspiratory flow rate (PIFR) and acceleration rate, can influence 
performance 

(6)
. 

The aim of this study was to apply more patient-relevant testing techniques to the characterisation and 
understanding of the performance of a commercially available device; Breo

®
 Ellipta

TM
. This device is of particular 

interest due to the presence of two different formulations contained in discrete blisters: an inhaled corticosteroid 
(ICS) lactose blend formulation and a long-acting beta2-adrenergic agonist (LABA) lactose blend formulation, the 
latter also containing the excipient magnesium stearate. As a result two separate formulations could be evaluated 
in parallel with one actuation. 

Using an Alberta Idealised Throat (AIT) and inhalation simulator, a full factorial assessment of both pressure drop 
and acceleration was designed, where minimum and maximum pressure drops were aligned within published 
data for patient inspiratory effort 

(8)
 and where acceleration was altered within the constraints of the operating 

space. By addition of the “patient” element to the testing of a DPI, it was anticipated that the performance 
envelope would be more comprehensively evaluated. 

Here, the evidence gathered is used to discuss the comparative performance of the two drug formulations in the 
product and also debate the potential for “lost” information when such DPI products are only tested using 
standard NGI in vitro methodologies. 



Methodology 

 

Breo
®
 Ellipta

TM
 devices (GlaxoSmithKline) were used for this study. The device contains two blister strips. Each 

blister on one strip contains formulation comprising fluticasone furoate (FF) (100 µg) and lactose monohydrate. 
Each blister on the other strip contains formulation comprising vilanterol trifenatate (40 µg equivalent to 25 µg of 
Vilanterol (VI)), magnesium stearate and lactose monohydrate. 

The specific resistance of the device was determined to be 0.80 Pa
0.5

/(l/min); equivalent to a 4 KPa pressure 
drop across the device at 80 l/min. Inhalation profiles were generated using Microsoft

®
 Excel

®
 using pressure 

drop (Pa) and time (s) as descriptors for the inhalation profile. Pressure profiles were converted to flow rate in l/s 
(resolution 0.010 s) using equation 1. The total inhaled volume for each inhalation profile was approximately 4l; 
inhalation profiles generated are shown in Figure 1. 

 

Equation 1:   

 

Where Q is the volumetric flow rate 
Where ΔP is the pressure drop 
Where R is the specific resistance of the device; the constant of proportionality between the square root of the 
pressure drop and the volumetric flow rate 
 

 
Figure 1: Idealised flow profiles used (staggered for ease of interpretation) and respective target values. 

Inhalation profiles were converted using Waveform Editor Software and then loaded onto a Hans Rudolph 1120 
Flow Volume Simulator (FVS, Hans Rudolph Inc, Shawnee, Kansas) and verified using a pneumotachometer. A 
mixing inlet (Copley Scientific, Nottingham) was employed to generate inhalation profiles through the DPI whilst 
allowing sampling of the generated aerosol at a constant flow rate using an NGI (Copley Scientific). In addition an 
AIT (Copley Scientific) was used in place of the USP induction port.  

Six determinations, each comprising evacuation of two blisters, were conducted for each profile. Drug substance 
was recovered from each stage of the impactor and collected samples were analysed using an HPLC assay. NGI 
data was processed using Copley Inhaler Testing Data Analysis Software (Copley Scientific, Nottingham). The 
Design of Experiment model was generated using JMP 11 (SAS Institute Inc). Profile measurements obtained 
from the pneumotachometer were close to the desired values and were applied to the final model. 

𝑄 =  
 𝛥𝑃

𝑅
 



Results and Discussion 

 

Within the experiment varying pressure drop and acceleration, Vilanterol (VI) was determined to have a mass 
median aerodynamic diameter (MMAD) range of 1.8 – 2.5 µm with a fine particle fraction (FPF; as a percentage 
of the emitted dose) range of 29 – 54%. Fluticasone Furoate (FF) was determined to have a MMAD range of 3.0 
– 3.9 µm with an FPF range of 18 – 28%. 

Surface response profiles for FPM, ISM and OP deposition of the modelled data are shown in Figure 2. For both 
VI and FF, pressure drop modelled as an independent factor was not found to significantly influence any of the 
outputs measured. For both VI and FF, the FPM and ISM were both significantly influenced by the acceleration 
rate with a significant positive correlation (P<0.0001) with increasing acceleration. 

The influence of pressure drop and acceleration on the extent of OP deposition varied between the two 
formulations.  For VI, OP deposition was inversely proportional to both FPM and ISM indicating no significant 
interaction between acceleration and pressure drop. However, for FF there was a significant interaction between 
pressure drop and acceleration for ISM, FPM and OP deposition (P<0.05). This was evidenced by bigger 
responses to changes in pressure drop across the same acceleration rate.  

The bimodal nature of OP deposition for FF is indicative of a trade-off between maximising FPM and minimising 
OP deposition, whereas no such trade-off is occurring for VI. The MMAD of FF at high acceleration and high 
pressure was the lowest value in the modelled data at 3.0 µm. Despite this there is an observed reduction in FPM 
and a significant increase in OP deposition. The relatively higher particle size for FF in comparison to VI agrees 
with an increased OP deposition dependent on the inertial parameter pdp

2
Q, where p (g/cm

3
) is the particle 

density, dp (µm) is the particle diameter and Q (cm
3
/s) is the inhalation flow rate 

(9)
; inertial impaction has been 

demonstrated to be the dominant deposition mechanism in this OP model 
(10)

. Data presented here gives 
evidence that both pressure drop across the device and acceleration dynamically influence OP deposition even 
for relatively small particle sizes. The use of an OP model in this case enabled more realistic drug product 
filtering by impaction than would be achieved by the USP induction port, which does not accurately simulate OP 
deposition in patients 

(11)
.  

 

 

 

Figure 2: Surface profiles for FPM, ISM and Oropharyngeal (OP) Deposition within the inhalation manoeuvre space 
(acceleration and Pmax) 



The data from this simplified model are largely in agreement with that published previously by Hamilton et al. for 
a novel DPI (nDPI) containing the same drug substances, in which they concluded that the nDPI was found to 
deliver a consistent dose across a range of profiles obtained from a diverse patient population with PIFR ranging 
from 43 to 130 l/min 

(12).
 However, the modelled data in this experiment suggests that there is a much higher 

relative change in the FPM with changes in acceleration than that observed by Hamilton. This may be due in part 
to the fact that the model used here applies a wider range of acceleration rates (59 to 794 l/Min/s vs. 152 to 347 
l/Min/s) using a different OP model. In addition, to the authors knowledge, a direct comparison of the data derived 
from the Electronic Lung in comparison to other inhalation simulators for the same product has not been made; it 
is therefore unknown as to whether data sets are directly comparable.  

It is worth noting that analysis of residual errors in the midpoint of the model space identified non-linearity in the 
model. Further data points and an augmented design would therefore be required to provide more accurate 
predictive responses for the factors modelled in order to direct product development. Despite these limitations, 
the methodology described is suitable for understanding gross effects of both acceleration rate and pressure drop 
for testing of DPIs with OP models.   

The model generated in this study would suggest that, in order to maximise VI FPM and reduce OP deposition, a 
high acceleration inhalation manoeuvre should be utilised. In order to maximise both FF and VI FPM a high 
acceleration, low pressure inhalation manoeuvre should be utilised. However, the latter profile is unlikely to be 
representative of typical patient inspiratory profiles.  

Conclusion 

Demonstrable differences in performance, attributable to pressure acceleration rate, have been observed 
between the two drug formulations measured within this particular combination drug product.  The methodology 
used here gives a comprehensive, empirical insight into product performance that may not have been achieved 
with standard tools and methodologies and lends itself to QbD approaches to development with emphasis on 
patient inspiratory variation. 
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