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Summary 

The Intelligent Control Inhaler (ICI) is a next generation breath actuated pressurised metered dose inhaler (pMDI) 
device. A rapid screening method has been developed to compare the ICI to the commercial press and breathe 
(P&B) actuator devices for Dulera® and QVAR® aerosols. The methodology is designed to be clinically relevant, 
including accelerated impactor measurements (AIM), an anatomical throat and breath inhalation profile, in order to 
gain understanding of the in vitro-in vivo relationship (IVIVR). 

For Dulera®, no statistical differences were determined for FPM and MMAD between the ICI and P&B devices. For 
QVAR®, no statistical differences were determined for MMAD; however, there was a statistically significant 
difference in FPM. There was also a statistically significant lower throat deposition using the ICI, in comparison to 
the P&B device, for both Dulera® and QVAR®. It is not clear how these differences would impact clinical 
equivalence. 

The analysis shows that further method development is required to potentially allow a prediction of clinical 
equivalence between ICI and commercial P&B actuator devices for Dulera® and QVAR®. 

Key Message 

A rapid screening method has been developed to compare the Intelligent Control Inhaler device to the commercial 
P&B actuator devices for Dulera® and QVAR® aerosols. Although some initial results appear promising, further 
method development is required to potentially allow a prediction of clinical equivalence. 

Introduction 

The Intelligent Control Inhaler (ICI) is a next generation breath actuated pressurised metered dose inhaler (pMDI) 
device (Fig. 1).[1] 

 

Figure 1 – The Intelligent Control Inhaler, a next generation breath actuated pressurised metered dose 
inhaler device. 

The ICI could be used with new pMDI aerosol products to improve adherence/compliance, which is a problem for 
all inhalation products,[2,3] and could also be used with existing press and breath (P&B) pMDI aerosol products as 
part of a lifecycle product management strategy. To transfer existing P&B products to the ICI, it is necessary to 
demonstrate equivalence in terms of in vitro performance, via clinically relevant testing,[4-6] to develop understanding 
of the in vitro in vivo relationship (IVIVR). 

Work was performed here to develop rapid screening methodology to assess in vitro equivalence to complement 
standard in vitro testing. To introduce  more clinically relevant testing parameters than pharmacopoeial methods, 
accelerated impactor measurements (AIM) were performed in conjunction with an anatomical throat model (ATM) 
and breath inhalation profile simulation, using a reduced next generation impactor (rNGI) setup. As this methodology 
will be more complex than traditional pharmacopoeial methods, increased variability may be expected. Testing was 
performed for both Dulera® and QVAR® aerosols, chosen as model suspension and solution pMDI products, 
respectively.  
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Methodology 

A reduced next generation impactor (rNGI) was set up with an internal filter placed into stage 4 (to test Dulera®) or 
stage 7 (to test QVAR®) of the NGI stack (Copley Scientific). A mixing inlet (Copley Scientific) was connected to 
the inlet of the NGI stack, with an anatomical throat model (Emmace consulting AB, medium size) placed on top, 
coupled to the inhaler device. The air inlet of the mixing inlet was connected to a BRS 3000 breath simulator (Copley 
Scientific) and supplied by a compressed air cylinder (BOC). The outlet of the NGI stack was connected to a high 
capacity pump (Copley Scientific). The interior surfaces of the Emmace throat and the NGI cups were coated with 
a solution of ethanolic Brij 35 and glycerol and left to dry before assembling the equipment. The equipment setup 
is summarised in Figure 2. The flow through the stack was kept constant at 60 L/min, and the flow through the 
inhaler device controlled by the BRS 3000 to give the breath profile shown in Figure 2. This single profile is an 
artificial simplification of a median breath profile reported in the literature and is a slight variant on a steady-state 
flow system used in pharmacopoeial testing.[5] 

Figure 2 – Schematic diagram of the IVIVR equipment setup. 

Commercial pMDIs were obtained and either used with the P&B actuators provided, or the aerosols were harvested 
and inserted into the ICI. The ICI actuator mouthpiece shape was different in comparison to the corresponding P&B 
actuator mouthpiece (ICI – oval, Dulera® – rounded rectangular, QVAR® – circular). Samples using the ICI were 
generated through breath actuation; P&B samples were actuated at an equivalent point in the breath profile as the 
ICI actuated. All inhalers underwent 4 priming shots prior to analysis before 5 shots were actuated into the rNGI. 
Inhalers were shaken appropriately prior to firing. 

Samples were recovered using an appropriate diluent and analysed by UHPLC methods that were validated for 
specificity and linearity.[7] Mass balances were all within USP <601> limits[8] of 85-115%, demonstrating the 
accuracy of this methodology. Quantification was performed using Empower 3 (Waters). Mass median aerodynamic 
diameter (MMAD) and fine particle mass (FPM) were estimated via interpolation/extrapolation, in accordance with 
the calculations detailed in the CITDAS 3.10 instruction manual (Copley Scientific). A cut-off of 5 µm was used for 
FPM. Statistical analysis was performed using a two-sample t test of the means at the 95% confidence interval. 

Predicted therapeutic equivalence analysis was performed for QVAR® by expressing the impactor sized mass 
(ISM) data for the individual ICI analyses as a percentage of the mean ISM data for the P&B device. A 95% 
confidence interval is then calculated for these data, and compared to limits of 85-115%.[9] For this QVAR® rNGI 
setup, ISM is defined as the mass deposited on cups 5 and 6 and the filter (<1.7µm). 

Results 

For Dulera® aerosols, no statistical differences were determined for fine particle mass (FPM) and mass median 
aerodynamic diameter (MMAD) between the ICI and P&B devices (p = 0.2 and p = 0.3, respectively; Fig. 3), 
suggesting the devices are comparable. Dulera® aerosols actuated through the ICI also had a statistically significant 
lower throat deposition than those actuated through the P&B devices (p = 0.001). With %RSD > 10 for both the ICI 
and P&B (Table 1), the FPM is more variable than standard in vitro testing conducted as per USP <601> due to the 
added complexity of the method; it should be noted that variability can also be high in vivo.[10] The data shown is 
for mometasone furoate only, but the findings also apply to formoterol fumarate. 
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Figure 3 – Comparison of throat deposition, FPM and MMAD for mometasone furoate in Dulera®, fired 
through ICI (blue) and the P&B actuator (orange). Error bars are standard deviation, n = 3. 

As with Dulera®, QVAR® aerosols actuated through the ICI demonstrated equivalent MMAD (p = 0.9) versus 
aerosols actuated through the standard P&B devices (Fig. 4). 

Figure 4 – Comparison of throat deposition, FPM and MMAD for beclomethasone dipropionate in QVAR®, 
fired through the ICI (blue) and the P&B device (orange). Error bars are standard deviation, n = 3. 

QVAR® aerosols actuated through the ICI had a statistically significant lower throat deposition than those actuated 
through the P&B devices (p = 0.002) as well as a statistically significant lower FPM (p = 0.004). These results are 
likely due to the statisically lower delivered dose (p = 0.001), which may be linked to the differences in the actuator 
mouthpiece. Despite these results, the impactor sized mass (ISM) of QVAR® fired through the ICI is within 85-
115% of the mean ISM via P&B at the 95% confidence interval (Fig. 5), which is an indication of therapeutic 
equivalence in accordance with European guidance,[9] again suggesting the devices are comparable. 

Figure 5 – Predicted therapeutic equivalence analysis of QVAR®. Error bars are the 95% confidence 
interval, n = 3. 
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It is also noted that, using this clinically relevant methodology, the FPM appears less variable for QVAR® than with 
Dulera® (Table 1). This may be due to the increase in relative dose that penetrates the anatomical throat for the 
QVAR® aerosols (53 %), in comparison to Dulera® (33 %). 

Product Device 
Throat (µg/act) FPM (µg/act) MMAD (µm) 

Mean %RSD Mean %RSD Mean %RSD 

Dulera (MF) 
ICI 133.2 1.7 59.3 10.1 2.9 0.5 

P&B 145.2 0.3 50.3 16.4 3.1 7.4 

QVAR 
ICI 17.9 1.6 20.1 0.7 0.54 1.1 

P&B 20.1 2.2 22.5 3.1 0.54 0.3 

Table 1 – Summary table of throat deposition, FPM and MMAD for each product/device combination. 

Conclusion 

The ICI is a next generation breath actuated pMDI device. A rapid screening method has been developed to 
compare the ICI to the commercial P&B actuator devices for Dulera® and QVAR® aerosols. The APSD 
methodology is designed to be clinically relevant, including AIM, an anatomical throat and breath inhalation profile, 
in order to gain understanding of the IVIVR. 

For Dulera®, no statistical differences were determined for FPM and MMAD between the ICI and P&B devices. For 
QVAR®, no statistical differences were determined for MMAD; however, there was a statistically significant 
difference in FPM. There was also a statistically significant lower throat deposition using the ICI, in comparison to 
the P&B device, for both Dulera® and QVAR®. It is not clear how these differences would impact clinical 
equivalence. 

Further work is proposed to further refine the IVIVR by introducing more clinically relevant testing parameters, 
including reducing the number of shots to match patient dosage, using different ATMs and introducing different, 
more realistic breath profiles. In silico modelling may also further develop understanding of the IVIVR. Such 
methodological refinements could potentially allow a prediction of clinical equivalence. 
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