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Summary  

Background: Chiesi’s NEXThaler® is a dry powder inhaler equipped with a breath actuated 
mechanism (BAM) which controls dose release in response to pressure drop. In this investigation the 
BAM was modified to vary the release of formulation and subsequently the airflow velocity into which 
the dose was dispersed. Methods: A 4.7% w/w API:lactose carrier formulation was delivered from 4 
modified NEXThaler devices, in vitro dispersion performance was assessed using a fast screening 
impactor (FSI), asthmatic profiles were generated using a breath simulator; a bespoke LiveShot rig 
was used to understand evacuation kinetics. Results: Releasing the dose later in the inhalation 
profile, into higher velocity airflow, results in improved dispersion performance. Conclusion: The 
velocity of the air has an effect on entrainment and API dispersion performance; this can be controlled 
using a BAM system, such as that exemplified in the NEXThaler device. 

Introduction  

The Chiesi NEXThaler® is a dry powder inhaler (DPI) which utilizes a breath actuated mechanism 
(BAM) and a dose protector in order to control the release of the dose during inhalation. As airflow 
passes through the device the BAM mechanism triggers, the dose protector translocates and the 
metered dose is aerosolized using the energy provided by the patient’s inhalation. The coordination 
between the release of the formulation and the airflow velocity is considered to have a fundamental 
influence on the dispersion performance

 [3]
. This paper investigates the importance of Chiesi’s 

NEXThaler BAM. 

Materials and Methods 

Four NEXThaler variants with different BAM trigger release pressures were produced (Table 1). The 
BAM trigger in the control NEXThaler device released when a ~1.8 kPa pressure drop is generated; 
this is representative of the marketed device. An additional device variant was constructed by 
manipulating an internal spring in order to reduce the preload pressure on the BAM trigger; this variant 
opened at a lower pressure drop (~0.6 kPa). A further variant was manufactured by drilling 2 x 4.5 mm 
diameter holes in the BAM sail, reducing its efficiency; the BAM mechanism triggered at an elevated 
pressure drop (~4.0 kPa). A final device variant utilized the control device, however this time the BAM 
was manually pre triggered before firing so that the dose was unprotected and free to evacuate into 
the air flow immediately.  

Table 1 – BAM opening pressures from the four NEXThaler variants 

NEXThaler Variant BAM Release Pressure 
(kPa) 

No BAM N/A 

Low BAM 0.6 

Control 1.8 

High BAM 4.0 

 

The four device variants were assessed using the 90th percentile inhalation profile (p90) from 
asthmatic patients 

[1] 
generated using a BRS 3000 breath simulator (Copley Scientific). Dispersion 

performance was assessed using a Fast Screening Impactor (FSI) (Copley Scientific) containing a 
5µm cut off plate and set at a constant flow rate of 100 L min-1; this was attached to the BRS using a 
flow mixing inlet. A flow rate of 100 L min-1 was used to assess dispersion performance in order to 
prevent backflow of powder laden air into the BRS system; as the p90 inhalation profile contains flow 
rates in a similar order of magnitude (Figure 1).  
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Figure 1 – p90 
asthmatic 

inhalation profile, programmed into Copley’s BRS 3000 

 

A modified USP induction port, containing the LiveShot rig 
[2]

, was used with the FSI in order to record 
the dose evacuation kinetics from the device variants.  The LiveShot rig utilizes a differential pressure 
sensor and a laser diode aligned to a photo sensor in order to generate a timing gateway. When 
coupled to an analogue to digital converter (ADC) this permits dose evacuation and pressure drop to 
be captured at a data rate of 1000 Hz, digitally filtered and recorded into a .csv file.  

 

 

 

 

 

 

 

 

 

 

 

 

The device variants were filled with 1.5g ±5% lactose carrier based formulation containing 
approximately 4.7% w/w beclomethasone dipropionate (BDP) (7.2% RSD) and stored at 20°C 40% 
RH for at least 24hrs. The NEXThaler dose mass is approximately 10mg; prior to dispersion 
performance analysis five waste shots were actuated from each device into a waste dose uniformity 
sampling apparatus (DUSA) tube operated at 60 L min

-1
. All measurements were conducted in 

triplicate. BDP was recovered from the apparatus using an appropriate diluent (85:15 Methanol:Water) 
and analysed using a Waters Acquity Ultra-Performance Liquid Chromatography (UPLC) System with  
Single Quad (SQ) Detector.  

  

Figure 2 – Schematic of the LiveShot rig 
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Results and Discussion 

The dispersion performance obtained from the four device variants can be seen in Figure 3 and Table 
2 below. 

 

Table 2 – FSI dispersion performance from the four NEXThaler variants; mean values (n=3); ±SD 

 No BAM Low BAM Control BAM High BAM 

Shot weight [mg] 9.7 ± 1.0 9.2 ± 0.1 10.0 ± 0.6 9.1 ± 0.3 

Metered Dose (MD) [µg] 423 ± 11 410 ± 4 443 ± 10 407 ± 33 

Fine Particle Dose (FPD) < 5µm 
[µg] 

129 ± 2 158 ± 9 187 ± 9 222 ± 18 

Fine Particle Fraction (FPF)< 5µm 
[%] 

31 ± 1 39 ± 2 42 ± 2 54 ± 2 

          Figure 3 – FSI dispersion performance from the NEXThaler variants; mean values (n=3); error bars ±SD 

 

Consistent evacuation was observed from all device variants; shot weights ranged from 9.1 to 10.0mg. 
Comparable values for metered dose were found given the potency of the formulation in conjunction 
with the shot weights. An improvement in dispersion performance (FPD <5µm) is observed as the 
BAM release pressure increases, interestingly the No BAM variant produced the lowest FPD (129µg), 
whereas the high BAM variant had the highest (222µg); this is reflected in corresponding increases in 
%FPF <5µm. It is also worth noting the higher variability of data produced by the high BAM variant; 
this may be due to poorly defined airflow pathways as a result of device modification. In order to 
provide greater understanding of these results it is useful to consider them in conjunction with the 
LiveShot dose evacuation kinetics displayed in Figure 4 and Table 3.  
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Figure 4 – LiveShot dose evacuation kinetics, showing both laser obscuration and differential pressure; mean 

profiles (n=3) 

Table 3 – Key features identified from the LiveShot dose evacuation kinetics; mean values (n=3); ±SD 

Device Variant BAM Opening 
Pressure [kPa] 

Time to Obspeak 
[s] 

Pressure Drop at 
Obspeak [kPa] 

Flow Rate at 
Obspeak [L min

-1
] 

Peak 
Duration [s] 

No BAM N/A 
0.068 0.6 22.0 0.215 

±0.003 ±0 ±1.0 ±0.010 

Low BAM 0.6 
0.196 2.2 42.6 0.250 

±0.021 ±0.2 ±2.1 ±0.010 

Control BAM 1.8 
0.223 2.5 46.3 0.177 

±0.005 ±0.1 ±0.6 ±0.005 

High BAM 4 
0.466 6.7 75.0 0.170 

±0.005 ±0.1 ±0.0 ±0.006 

 

The LiveShot data shows that by altering the NEXThaler BAM trigger point the dose evacuation 
kinetics are altered, in particular the time to peak powder discharge (Obspeak) and the flow rate at 

which Obspeak occurs. Discrepancies exist between the BAM opening pressure and the pressure drop at 
Obspeak due the formulation residence time as it passes through the device.  

The control NEXThaler variant takes 0.223 s to reach peak powder discharge, which evacuates into a 
flow rate of 46.3 L min

-1
. When the BAM trigger pressure is reduced the time taken to reach the peak 

flow is slightly shorter, approximately 0.196 s, with the powder entering a slightly lower flow rate of 
42.6 L min

-1
. When the BAM was removed the time to peak is quicker, 0.068 s and the air velocity is 

slowest 22.0 L min
-1

. Conversely, increasing the BAM trigger threshold delays the time for Obspeak to 
0.67 s and results in the powder entering the highest flow rate of 75.0 L min

-1
. This correlation 

between increased dispersion performance and increased airflow velocity at Obspeak suggests that this 
is an important factor affecting the performance of the NEXThaler. The peak duration may be reducing 
in length as the flow rates are increasing; however this trend is very subtle and not believed to be 
linked to the observations in dispersion performance.  
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Conclusions 

Delaying the release of formulation, thus entraining and dispersing it into higher velocity airflow, results 
in an improved dispersion performance. This is demonstrated by the BAM within the NEXThaler for 
this carrier formulation. The release point of formulation can be controlled by the BAM trigger release 
pressure. 
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