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Summary 

Dry powder inhalers (DPIs) are commonly prescribed for asthma and chronic obstructive pulmonary disease 
(COPD). During each inhalation manoeuvre, the metered dose in a DPI needs to be de-aggregated to ensure that 
emitted dose contains drug particles with the potential for lung deposition. Three important inhalation profile 
parameters maximum inhalation flow (MIF), acceleration rate (ACIM), inhalation volume (Vin) were identified to 
affect dose emission and drug deposition from DPIs 

[1]
. However, which of these three parameters is the most 

important it is still unclear.  

In this work, the COPD patient inhalation profiles were modified to change only one variable at a time from the 
above mentioned inhalation parameters, whilst maintaining the two other parameters constant. 9 inhalation 
profiles were used. They were classified into three groups. The inhalation profiles were replayed using a breath 
simulator (BRS) connected to an Andersen Cascade Impactor (ACI) via a mixing inlet providing supplementary air 
to identify the aerodynamic characteristics of the emitted dose from an indacaterol 150 µg Onbrez Breezhaler

®
. 

The Total emitted dose (TED), fine particle dose (FPD) and residual amount (RA) were all significantly (p<0.05) 
affected by each of the inhalation parameters (ACIM, MIF, and Vin) but the ACIM has less significant effect 
(p>0.05) on the mass median aerodynamic diameter (MMAD) than the MIF. The study illustrates the importance 
of identifying the effect of the main inspiratory parameters on the aerodynamic characteristics of indacaterol 
150µg dose emission from Onbrez Breezhaler

®
 using altered COPD patient inhalation profiles.  

Introduction 

The pulmonary route of drug administration is considered and widely known as the best route of drug 
administration for the treatment of asthma and chronic obstructive pulmonary disease (COPD) 

[2]
. The dose 

emitted from the DPIs is generated as a result of the inhalation manoeuvre, which generates a pressure drop in 
the metering cup and the inhalation channel of each device; the pressure drop is proportional to the patient’s 
inspiratory flow and the intrinsic resistance of the inhaler device 

[3]
.  The difference in the pressure generates 

turbulence energy, which leads to the dispersion of the powder formulation resulting in small drug particles with a 
greater tendency for lower airways deposition. There are different inspiratory parameters that could affect the 
dose emission during each inhalation. These are the patient’s maximum inspiratory flow (MIF), inhaled volume 
(Vin), acceleration rate (ACIM) and the degree of airway obstruction 

[1, 2]
. The patient inspiratory flow rates effect 

on the dose emission and lung deposition and the consistency of delivered dose from DPIs have been shown 
especially for those devices with high intrinsic resistance 

[4, 5]
. However, the study of each inhalation manoeuvre 

parameter separately will illustrate the effect of each parameter on dose emission and drug deposition. 
 
The aim of the study was to investigate the effect of each inhalation manoeuvre parameter ex-vivo when the other 
two parameters remained fixed. Therefore altered inhalation profiles were generated and used to evaluate the 
impact of each inhalation parameter on the dose emitted from 150µg indacaterol Onbrez Breezhaler

®
 under 

inhalation conditions that mimic patient use.   

Materials and method  

Simulated COPD patient’s inhalation profiles 

The inhalation profiles of 38 patients with different COPD severity aged 55-79 with a mean age of 66 were 
measured. The profiles were recorded using an empty (Placebo) Onbrez Breezhaler

®
 inhaler device, it is a low 

resistance device with an intrinsic resistance of 0.063 [CmH2O
1/2

/ (L/min)], and the patients were able to generate 
an average maximum inhalation flow rate of 88 L/min. The patients were given the PIL to read and trained to 
inhale as hard and fast as they can from the start of the inhalation manoeuvre

 [5]
.  

 
The inspiratory parameters (e.g., MIF, ACIM and Vin) were measured for each profile; the maximum flow rate 
(MIF) for each profile is the highest flow the patient can achieve from the start to the finish of the inhalation time. 
The inhalation volume (Vin) was calculated from the area under the curve of the inhalation flow against the time 
profile. The acceleration rate (ACIM) was determined by firstly calculating the slope of the flow values against the 
inhalation time, then the value with a high linear regression (r

2
) was chosen. In the case of Onbrez Breezhaler the 

linear regression was almost r
2
=1 for all the values, therefore acceleration rate was determined as the values with 

high slope. 
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The inhalation profiles with a MIF close to 40, 65 and 85 L/min were chosen. For group one, the MIF of 40L/min 
and Vin of 2L were kept constant, while ACIM was modified to obtain 2, 4 and 8 L/s

2
. For group 2, the MIFs of 40, 

65 and 85 L/min were generated by patients. However, for group three, the Vin was altered to achieve 1, 2 and 3L 
inhaled volume, whilst maintaining the ACIM and the MIF constant. The inhalation time was either increased or 
decreased to achieve the desired Vin. The ACIM was modified by increasing the steepness of the slope, whereas 
the MIF was the one generated by the patient.  
 
The 9 Inhalation profiles used for this study shown in figure 1. The profiles were modified as explained above to 
fix two inspiratory parameters to study one variable at a time. The altered profiles were classified according to the 
inspiratory factor that will be investigated into; group 1= Acceleration (ACIM) study, group 2= Maximum inhalation 
flow (MIF) study, group 3= inhalation volume (Vin) study.   

 

              MIF=40 L/min, Vin=2 L, ACIM =2 L/S
2
                                                  MIF=40 L/min, Vin =1 L, ACIM =2 L/S

2
 

                MIF=40 L/min, Vin =2 L, ACIM =4 L/S
2
                                              MIF=65 L/min, Vin =1 L, ACIM =2 L/S

2 

               MIF=40 L/min, Vin =2 L, ACIM =8 L/S
2
                                               MIF=85 L/min, Vin =1 L, ACIM =2 L/S

2 

 

MIF= 65 L/min, Vin = 1 L, ACIM = 4 L/S
2
 

MIF= 65 L/min, Vin = 2 L, ACIM = 4 L/S
2 

MIF= 65 L/min, Vin = 3 L, ACIM = 4 L/S
2 

Figure 1: Three Groups of inhalation profiles classified to study one inhalation parameters at a time, 
Group 1: ACIM study, Group 2= MIF study, Group 3=Vin study 

Experimental procedure to measure the aerodynamic dose emission characteristics of Onbrez 
Breezhaler

®
  

A schematic diagram is shown in figure 2. The experimental set-up was changed according to the profiles that 
were investigated such that for profiles less than 60L/min, the ACI with the Alberta throat was set at 60 L/min and 
for profiles above 60 L/min; the ACI was set at 90 L/min. The ACI was set-up with the valve of supplementary air 
through the mixing inlet closed in order to set the flow using the vacuum pump and flow controller either at 60 or 
90 L/min. The supplementary air was then introduced through the side arm of the mixing inlet by opening the 
valve connected to a compressed air cylinder and this flow was adjusted to achieve (0 L/min) through the mouth 
piece. The flow through the Andersen cascade impactor was maintained at either 60 or 90 L/min depending on 
the (MIF) of the profile that was to be used. All the settings were maintained for each determination. Three 
Capsules were aerosolised into the ACI for each profile (n=3). The residual amount (RA) retained in the capsule 
and device were recovered.  

The amounts of drug deposited in each stage, Alberta throat and mixing inlet were collected using washing 
solution of the mobile phase, then quantified using a validated High Performance Liquid Chromatography (HPLC) 
method. The aerodynamic characteristics of the emitted dose were calculated using the Copley Inhaler Testing 
Data Analysis Software (CITDAS version 2.0) 
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Figure 2: Schematic diagram of ACI methodology with Mixing Inlet using breath simulator 

Result and discussion 

A summary of the mean (SD) of aerodynamic characteristics of indacaterol 150 µg from Onbrez Breezhaler® for 
Group 1 ACIM study, Group 2 MIF study ,Group 3 Vin study inhalation profiles is shown in Tables 1,2 and 3. 

The results of Group 1 showed that the increase in the acceleration rate has a significant effect (p<0.05) on the 
fine particle dose (FPD) and the residual amount (RA) left in capsule and device, but it has no significant effect on 
the MMAD. It has been suggested that the acceleration rate during an inhalation is important in the generation of 
the FPD 

[6]
 as shown in the present work. The increase in the FPD is more probably attributed to the increase in 

the TED. Group 2 results showed that TED, FPD, and MMAD were all affected by the MIF. Hence there is a flow 
rate dependent dose emission. Gamma scintigraphy has demonstrated that the total lung deposition, for some 
DPIs, can vary with inhalation flow 

[7]
 and it has been shown that lung deposition for some DPIs generally 

increased with the inhalation flow rate 
[8]

. This is consistent with the higher FPD and lower MMAD with increasing 
the MIF identified in this work. When a patient inhales through a DPI containing doses stored inside the device 
(either in a reservoir or as single-dose blisters), de-aggregation of the powder formulation occurs almost 
immediately as the dose leaves the device 

[9]
, however, capsule based devices would require a prolonged 

inhalation to empty the dose. This was demonstrated in the present work (Group 3, Table 3). The most significant 
increase in TED occurred between the 2 L and 3 L inhaled volume. Prolonged inhalation would provide the drug 
with a longer time of flight to maximize drug deposition as shown from the increase in the FPD. 

Table1: Group 1; mean (SD) aerodynamic characteristics of emitted dose of Indacaterol at three different ACIM 2, 

4 and 8 L/s
2
 at fixed MIF (40 L/min) and Vin (2 L) Group 2; mean (SD) aerodynamic characteristics of emitted 

dose of Indacaterol at three different MIFs 40, 65 and 85 L/min at fixed ACIM (2 L/s
2
) and Vin (1 L) 

Group 1 Indacaterol 
( nominal 

dose :150µg) 

Group 2 Indacaterol 
( nominal 

dose :150µg) 

a). MIF=40 L/min, VIN=2 L, 
ACIM =2 L/S

2
 

 a). MIF=40 L/min, VIN=1 L, 
ACIM =2 L/S

2
 

 

TED (µg) 114.66 (1.17) TED (µg) 113.46 (2.83) 

FPD (µg) 34.27 (1.76) FPD (µg) 32.43 (0.68) 

MMAD (µm) 3.35 (0.06) MMAD (µm) 3.45 (0.12) 
Residual amount (µg) 26.87 (1.75) Residual amount (µg) 24.83 (3.36) 

b). MIF=40 L/min, VIN=2 L, 
ACIM =4 L/S

2
 

 b). MIF=65 L/min, VIN=1 L, 
ACIM =2 L/S

2 
 

TED (µg) 116.09 (4.55) TED (µg) 115.87 (5.35) 

FPD (µg) 35.80 (1.92) FPD (µg) 37.93 (1.32) 

MMAD (µm) 3.30 (0.1) MMAD (µm) 2.90 (0.1) 
Residual amount (µg) 22.07(1.00) Residual amount (µg) 21.94 (0.90) 

C). MIF=40 L/min, VIN=2 L, 
ACIM =8 L/S

2
 

 C). MIF=85 L/min, VIN=1 L, 
ACIM =2 L/S

2
 

 

TED (µg) 122.11 (2.91) TED (µg) 118.77 (1.71) 

FPD (µg) 39.30 (0.50) FPD (µg) 40.70 (1.05) 

MMAD (µm) 3.35 (0.06) MMAD (µm) 2.80 (0.06) 
Residual amount (µg) 18.91 (0.36) Residual amount (µg) 16.89 (3.03) 
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Table 2: Group 3; mean (SD) aerodynamic characteristics of emitted dose of Indacaterol at three different Vins 1, 

2 and 3 L at fixed MIF (65 L/min) and ACIM (4 L/s
2
) 

Group 3 Indacaterol 
( nominal dose :150µg) 

a). MIF= 65 L/min, VIN= 1 L, ACIM = 4 L/S
2
  

TED (µg) 115.95 (1.43) 
FPD (µg) 38.13 (0.60) 

MMAD (µm) 2.90 (0.06) 
Residual amount (µg) 24.26 (1.72) 

b). MIF= 65 L/min, VIN= 2 L, ACIM = 4 L/S
2 

 
TED (µg) 119.03 (1.95) 
FPD (µg) 39.90 (0.53) 

MMAD (µm) 2.85 (0.06) 
Residual amount (µg) 20.83 (3.26) 

C). MIF= 65 L/min, VIN= 3 L, ACIM = 4 L/S
2
  

TED (µg) 122.82 (3.77) 
FPD (µg) 41.73 (0.80) 

MMAD (µm) 2.80 (0.06) 
Residual amount (µg) 17.24 (1.12) 

 

Conclusion  

The use of altered COPD patient inhalation profiles provided a clear view on the impact of each inhalation 
parameter on the aerodynamic dose emission characteristics of Indacaterol. The TED, FPD, and RA were all 
affected by each of the inhalation parameters (ACIM, MIF, and Vin). The ACIM has less effect on the MMAD than 
the MIF. Slow inhalation resulted in the formation of drug particles with the largest MMAD. An ongoing study on 
the combination of inhalation parameters looks promising to maximising drug emission from indacaterol Onbrez 
Breezhaler. The results highlight how standard compendial dose emission methods can be adapted to replace the 
traditional vacuum pump with inhalation profiles collected from patients.  These provide an insight into the real life 
dose the patient would receive. 
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