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Summary 

GyroHaler
®
 is a multi-unit dose dry powder inhaler designed to deliver locally acting drugs to the lungs. The dry 

powder formulation is packaged in foil blister strips of up to 60 pre-metered doses and the device is suitable for the 
delivery of a wide range of respiratory drugs. The GyroHaler

®
 is currently used in the AirFluSal

®
 Forspiro

®
 product 

marketed by Sandoz. 

Vectura’s device design and development process consists of various stages including design proving, which is 
carried out during development phases, and design verification testing (DVT). The purpose of DVT is to verify that the 
inhaler is suitable for the intended use and meets the requirements of the User Requirements Specification and the 
Functional Specification. 

The device functionality profile parameters of blister pierce position, airflow resistance and actuator operating torque 
were assessed through device life in normal operation. All parameters were within specification and showed low 
variability, demonstrating that GyroHaler

®
 mechanical operation is robust in normal operation.  

The emitted dose and aerodynamic particle size distribution of the emitted dose were assessed after operating the 
device in non-instructed piercing and inhalation orientations, with time delays and abort strokes between blister 
piercing and inhalation, and after applying crush forces. In-specification emitted doses were obtained for all of the 
misuse scenarios described, demonstrating that the GyroHaler

®
 is capable of delivering an acceptable dose after 

these patient misuse scenarios. 

Introduction 

GyroHaler
®
 is a multi-unit dose dry 

powder inhaler designed to deliver locally 
acting drugs to the lungs. The dry powder 
formulation is packaged in foil blister 
strips of 60 pre-metered doses and the 
device is suitable for the delivery of a 
wide range of respiratory drugs. The 
GyroHaler

®
 is currently used in the 

AirFluSal
® 

Forspiro
®
 product marketed by 

Sandoz. 

GyroHaler
®
 (Figure 1) is operated by 

opening the actuator to index the foil 
blister strip onto the next dose. The 
actuator is then closed to pierce the foil 
blister and access the dose for inhalation. 

 

Figure 1 - GyroHaler
®
 Multi-Unit Dose Inhaler, Showing Major Device 

Components 

Vectura’s device design and development process consists of various stages including design proving, which is 
carried out during development phases, and design verification testing (DVT). The purpose of DVT is to verify that the 
inhaler meets the pre-defined requirements and is suitable for the intended use of the device. Testing is conducted 
according to the relevant regulatory guidance and international standards (such as ISO 20072

[1]
). 

The principle of the DVT plan is that it encompasses tests against all the clauses of the User Requirements 
Specification and the Functional Specification and that it provides evidence to mitigate risks identified during risk 
analyses. Where changes occur during the development, either to the device design or manufacturing processes, 
affected aspects of verification testing (as identified by risk review) are repeated to show that implemented changes 
are as intended and that the device still meets specifications. 

In addition to DVT, Drug Product Characterisation Studies are conducted, which are pharmaceutical development 
studies focussed on the quality of the finished product. These studies also cover a variety of product use and potential 
misuse scenarios to support marketing applications. 



Methods 

Both mechanical/physical testing and pharmaceutical performance testing are included in the scope of DVT. 
Mechanical testing assesses the inhaler against Device Functionality Profile (DFP) parameters (as defined in ISO 
20072

[1]
). These include: 

 Alignment of the blister pierce position within the blister, measured using an automated vision system 

 Airflow resistance, measured as the pressure drop across the device at 60 l/min 

 Torque required to operate the Actuator, measured using an automated torque measurement system 

 Forces required to open the Blister Door and Mouthpiece Cap 

Pharmaceutical testing assesses the uniformity of the emitted dose and the emitted aerodynamic particle size 
distribution (APSD) as measured by Dose Uniformity Sampling Apparatus and Next Generation Impactor respectively, 
both operated at the flow rate required to produce a 4 kPa pressure drop across the device. The emitted dose is 
assessed against the relevant product specification and dose severity chart for the drug substance being used in 
combination with the device. 

 DVT tests are conducted to verify functionality under the following conditions: 

 Normal use: following instructions for use 

 Misuse: ignoring certain instructions or subjecting the inhaler to reasonably foreseeable adverse conditions 

 Abuse: deliberately trying to damage the inhaler 

Results and Discussion 

The device functionality profile parameters were assessed throughout device life to verify the robustness of 
GyroHaler

®
’s mechanical operation under normal use. All blisters were pierced within the elliptical specification area, 

with low spread in pierce positions, as shown by the density plot in Figure 2. 

 

Figure 2 - Alignment of the Blister Pierce Position in X and Z Directions: Data (L), and Diagram of the Specification (R) 

Note: Pierce position is measured as alignment of the centroid of the blister pierce pattern within the centroid of the blister bowl form 
along the blister strip (X direction) and across the blister strip (Z direction). The red ellipse shows the blister pierce specification 
limits, with those limits superimposed over a typical blister pierce on the right 

Low variability in airflow resistance at 60 l/min when the device was operated normally through-life was demonstrated 
(Figure 3), with the pressure drop being well within upper and lower specification limits (USL and LSL respectively). 
No change occurred in airflow resistance after 60 doses were delivered through the device, demonstrating that airflow 



paths were not being altered during use. Patients will not notice a difference between intra- and inter-device airflow 
resistances when inhaling doses. 

 

 

 

 

 

 

 

 

 

Figure 3 - Pressure Drop Across the Device at a Flow Rate of 60 l/min 

The peak torque required to open the actuator was lower than the upper specification of 0.2 Nm and inter-device 
variability was low (Figure 4), demonstrating that the force required for a patient to operate the device is well within 
acceptable limits. 

 

 

 

 

 

 

Figure 4 - Frequency Distribution of Peak Actuator Opening Torque 

The emitted dose and APSD were assessed after device misuse and abuse scenarios to determine whether there 
was any impact on dose delivery to the patient. The emitted dose after activating and dosing the device in a range of 
misuse orientations met the product specification (Figure 5). The emitted doses were also comparable to those 
obtained after using the device in the nominal activation and dosing orientations stated in the patient instructions. 
Dose delivery is robust to the range of expected orientations that patients might use. 

Figure 5 - Emitted Dose After Activating and Dosing the Device in a Range of Orientations 



The effect of both time delays and performing an abort stroke between piercing the blister and inhaling the dose were 
assessed. Time delays expose the dry powder inside the blister to atmospheric conditions; devices were stored at 
ambient conditions for 5-minute delays and at 30°C/60% relative humidity for 12-hour delays. An abort stroke occurs 
when the actuator is partially opened and then closed back on the already-pierced blister, with the potential for 
powder loss to occur in the process. Emitted doses met the product specification after both time delays and 
performing an abort stroke (Figure 6), demonstrating that patients would still receive an acceptable dose after these 
misuse scenarios. 

 

 

 

 

 

 

 

 

Figure 6 - Emitted Dose After a Time Delay Between Piercing the Blister and Evacuating the Dose and After an Abort Stroke 

Applying a flat plate crush force of 400 N to the three major device axes had no effect on emitted dose and all emitted 
doses met the product specification (Figure 7). Patients will still receive an acceptable dose after accidentally crushing 
the device in storage or transport. 

 

 

 

 

 

 

 

 

 

Figure 7 - Emitted Dose Before and After Applying a 400 N Flat Plate Crush Force to Each of the Major Device Axes 

Conclusion 

Key device functionality profile parameters of blister pierce position, airflow resistance and actuator operating torque 
were assessed through device life under normal operation. All parameters were within specification and showed low 
variability, demonstrating that GyroHaler

®
 mechanical operation is robust under normal operation.  

Emitted dose was assessed after operating the device in non-instructed piercing and inhalation orientations, with time 
delays and abort strokes between blister piercing and inhalation, and after applying crush forces. In-specification 
emitted doses were obtained for all misuse scenarios described, demonstrating that the GyroHaler

®
 is capable of 

delivering an acceptable dose after these patient misuse scenarios. 
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