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Summary 

Inhaled drug delivery is the cornerstone treatment for asthma and chronic obstructive pulmonary disease 
(COPD). However, successful of inhaled therapies is related to inhaler intrinsic efficiency and proper inhaler 
use by patients.   

We aimed to develop a specific tool for easily assessing and ranking the effectiveness of dry powder inhalers 
(DPIs) to better characterise these devices, and to help doctors in selecting the most appropriate inhaler for 
each patient. Based on a systemic review of the pertinent literature we developed a multidimensional grading 
system score (the Global Inhaler Effectiveness Score, GIES) covering intrinsic characteristics of DPIs and 
their usability by patients. The GIES consist of two sections - the first section including the following variables: 
product in vitro performance (emitted dose, induction port deposition, fine particle fraction, performance 
depending on air flow rate variation) and product features (dose counter, inhalation counter, risk of 
overtreatment; effect of orientation). The second section includes variables related to usability of the device, 
i.e. preparation and inhalation errors. Each parameter has been evaluated and a score provided. The sum 
of the two domains will represent the final GIES; the higher the GIES, the higher the global effectiveness of 
the device.  
The GIES would represent the first comprehensive score for assessing, and ranking objectively the 
contribution of all main features of DPIs, and then provide an effective and motivated standard of choice. 
 
 
 

Introduction 

Inhaled drug delivery is the cornerstone of therapy for the treatment of obstructive chronic airway diseases, 
such as asthma and chronic obstructive pulmonary disease (COPD). Dry powder inhalers (DPIs) are beside 
the metered dose inhalers (MDIs), the most common devices used to administer aerosolized medication in 
day-to-day respiratory practice.[1] Inhalation flow rate through the device is critical to the successful operation 
of all DPIs, and the inspiratory effort required to deliver the drug to the lungs depends on the device. Not all 
patients are capable of creating sufficiently controlled inspiratory effort every time, especially during an 
exacerbation.[2] Recent advances in DPI technology have seen an explosion in the number of devices.[3] This 
plethora of devices, however, has led to confusion in their use amongst health-care providers (HCPs) and 
patients, who may not properly understand how to use inhalers.[3-5] Indeed, mastering an inhaler device 
involves correct preparation and handling of the device before inhalation, and an optimal inhalation 
technique; an error in any step of this process may lead to inadequate drug delivery to the lungs.[3-5] 

 

Characteristics of inhaler devices that affect patients’ perceptions of their disease therapy include perceived 
efficacy, ease and convenience of use, how they will feel about using the device in public, their physician’s 
preference, availability of the drug or device preparations, loyalty to the brand of inhaler, cost, time it takes 
to learn how to use the device, device appearance (size, weight), how to clean the device, and 
disposability / environmental issues.[3-7] The ideal inhaler would be small and breath-activated; it would also 
deliver flowrate-independent drug deposition in the lung and be suitable for use in patients who have low 
inspiratory airflow.[3-7] It should be lightweight and require no accessories, external assistance, or power 
source to enable its use. In addition, it should have the capability to count the number of delivered and / or 
residual doses; protect the active ingredient from the physico-chemical degradation; contain a limited amount 
of propellants or excipients; and be able to quickly aerosolize the drug.[3-7]  
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The success of an inhalation therapy depends on the interaction between the patient and the inhalation 
product (i.e. the device containing the formulation). Misuse of inhalation products by patients can result in 
poor asthma control, worsening of COPD outcomes, increased cost and possibly greater risk to the patient 
from exposure to less well tolerated alternative treatments.[3-7] Therefore an ideal product for inhalation has 
to be easy to handle and use, present a simple inhalation technique and therefore have a good patient 
preference and adherence that reinforces the success of the inhalation therapy.[6,7] Moreover, an ideal 
product for inhalation also has to provide an accurate and reproducible emitted dose and fine particle dose 
that guarantee that a determined dose will reach the lung and therefore ensure the treatment’s efficacy. 
Ideally, the emitted and fine particle dose also have to be robust throughout the product use life (i.e. from 
the first to the last dose of the product), at different airflows that the patient could generate and at different 
temperature and humidity conditions during the treatment.[6] 

 

We hypothesised that a multi-variable, combined scoring system assessing both the in vitro devices 
properties and their intrinsic features including usability would be useful to categorise commercial DPIs and, 
possibly, help HCPs in selecting the “right” device for each patient. The aim of this study was to develop a 
specific tool for easily assessing, ranking and comparing the “global” effectiveness of commercial DPIs by 
means of a single and comprehensive score system (the Global Inhaler Effectiveness Score, GIES), and to 
provide an effective and objective convenient standard of choice of DPIs. 

 

Methods 

The GIES has been developed using a multistep approach divided into three phases (Figure 1): i) selection 
and score assignment of variables for inhaler characterisation; ii) identification and selection of the source 
evidence; iii) Data analysis and ranking DPIs according to their calculated GIES values. 

 

 
 
Figure 1 -  Multistep approach to obtain the Global Effectiveness Inhaler Score (GIES).  

 
 
Selection and score assignment of variables for the GIES 

This phase, performed by a multidisciplinary team which included respiratory doctors, general practitioners, 
and pharmaceutical technologists, was designed to select variables to characterise and quantify the in vitro 
inhaler properties, as well as the intrinsic inhaler features that affect patients usability in real life. All variables 
were selected on the basis of the combined clinical experience and research expertise of the multidisciplinary 
team members, and after a critical review of the literature. A Delphi analysis is running in order to obtain 
consensus among the scientific expert community. The in vitro product critical variables were also selected 
considering the USP and Eur. Pharm. requirements. For each considered variable a score range was 
assigned (Table 1). 
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To characterise and quantify the in vitro inhaler properties and aerodynamic performance the following 
variables (Table 1) were selected: i) emitted dose, i.e. the quantity of drug released by devices; this variable 
was considered as a surrogate of lung deposition; ii) induction port deposition, i.e. the amount of drug 
deposited in the induction port of the impactor; this variable was considered as a surrogate of oropharyngeal 
deposition; iii) fine particle fraction, i.e. the amount of drug with a respirable size <5 µm;  iv) variations of the 
therapeutic dose with different airflow rates; v) variations of the emitted dose due to different device 
orientation; vi) risk of overtreatment, i.e. double dosing as a result of multiple activations of the device. All 
these in vitro variables were assessed for the different medications delivered by the inhaler tested.  

To characterise and quantify the intrinsic inhaler features that affect patients usability, we selected the 
following variables (Table 1): i) presence of a dose counter; ii) presence of an inhalation counter; iii) number 
of feedback mechanisms; iv) overall error rates (i.e. both critical and non-critical) by DPI type; this parameter 
was considered as an index of easy of use of the inhaler; v)  patients preference of an inhaler; this variable 
was included in the quantification of GIES only when assessed by standardised questionnaires.   

Table 1. Variables and corresponding score for calculation of the Global Inhaler Effectiveness Score. 

 Variable   Score* 

In vitro inhaler properties and 
aerodynamic performance 

Emitted dose (%) 

70-80% +5 

80-90% +10 

>90% +15 

Induction port deposition (%)  -(0-100) 

Fine particle faction (%) 

<30% +5 

30-40% +10 

>40% +15 

Flow rate therapeutic dose independency 
(Yes/No) 

 
Yes= -10 
No= + 10 

Emitted dose independency with different device 
orientation (yes/no) 

 
Yes= -10 
No= + 10 

Risk of overtreatment (Yes/No)  
Yes= -10 
No= + 10 

 Sum  

Intrinsic inhaler features and patients 
usability 

Dose counter (Yes/No)  
Yes= +10 
No= - 10 

Inhalation counter (Yes/No)  
Yes= +10 
No= - 10 

Overall error rates (%)  -(0-100) 

Number of feedback mechanisms  0-10 

Patients’ preference (%)  0-100 

  Sum  

  Total  

* range of evaluation with positive or negative contribution. 
 
 
Identification and selection of source evidence 

 

The Authors sourced evidence from their own bibliographic databases supplemented by a targeted 
systematic review consisting of two distinct searches. The first search focused on the in vitro properties and 
aerodynamic performance of the DPI tested. For this search we used the following keywords each in 
conjunction with the tested DPI: “emitted dose”, “IP deposition”, “respirable fraction”, “inhalation flow”, 
“orientation”, “overtreatment”. The second search aimed to identify the literature regarding the DPI properties 
that affect patients’ usability. To this end we used the following keywords each in conjunction with the tested 
DPI: “counter”, “feedback”, “preference” or “satisfaction”, “mishandling” or “errors”, or “incorrect use “ or 
“incorrect technique” or “improper technique” or “improper use”.  

 

For the search 1, when the data on variation of performance with different device orientation and risk of 
overtreatment were not retrieved, they were experimentally collected. In detail, three inhalers of each 
commercial product were tested according to EMEA/CHMP/QWP/49313/2005 Corr. The doses were 
discharged in a dose unit sampling apparatus at airflow rate (Qout) capable of generating a pressure drop of 
4 kPa across the device. 
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For the search 2, we included parallel-group or cross-over studies performed in patients with obstructive 
airway diseases such as asthma, COPD, cystic fibrosis. Only studies assessing DPI use by standardised 
checklists and regardless of the drug being inhaled, were considered. Searches were performed on three 
online databases (Pubmed, Embase, Google Scholar); they were limited to studies in English published 
between 1980 to May 2017. Editorials, commentaries, case studies, letters, review article and opinion pieces 
were excluded. Titles and abstracts of articles identified using the above search strategies were viewed by 
four Authors and articles that appeared potentially to fulfil the inclusion criteria were retrieved in full. All the 
authors reviewed the finalized list of selected articles for approval.  

 

Data analysis and ranking DPIs according to their calculated GIES  

For each considered variable, the data obtained by systematic literature searches will be analysed by using 
descriptive statistics. Categorical variables will be described by absolute and relative values. Median 
supplemented by the 5th–95th percentile range, or mean ±95% confidence interval when normality data 
proven, will be used for continuous variables. The sum of each variable score calculates the final GIES for 
each inhaler tested (see Table 1). The higher the value of the GIES, the higher the global effectiveness of 
the device will be. All GIES values calculated for all DPIs tested will be then averaged and expressed and 
median (Q2), quartiles and interquartile range (Q1 - Q3). This provided information on the central tendency 
of the responses and the extent of dispersion of the data, together giving an indication of the degree of 
consensus: Q1 = lower quartile (the lowest 25% of data); Q2 = median (50%) and Q3 = upper quartile (75%). 

 

Validation of the GIES 

The GIES will be prospectively validated comparing DPIs with high GIES values to those with low GIES by using a 
simple and practical challenge model to compare direct-acting bronchodilators.[8-9]). As fully described elsewhere, 
this model is based on the firmly established pharmacological principle of functional antagonism between 
muscarinic and β- adrenergic agonists, which, working through different receptors, produce opposite responses. 

 

Discussion 

Assessment of GIES was started at the beginning of June 2017 and the first results are expected by the end of the 
year. The definitive weight of each criteria will be established in order to balance the assessment among all the 
aspects considered. We believe that data gathered through such a unique approach will not only better characterise 
effectiveness of DPIs available in the market, but also provide a tool for helping HCPs in the choice of the most 
appropriate DPI for each patient. In addition, the GIES will provide a database and sample repository to answer 
additional questions that will undoubtedly be raised in the future. We eagerly await the results to extend GIES 
assessment to other inhaler device types. However, we would highlight that it is out of the scope of this study to 
make a commercial competition of DPIs, as the goal is simply to provide a full overview of DPI characteristics that 
would help the physician to merge the inhaler with specific characteristic of each single patient. 

 

Conclusions 

Effectiveness of an inhaler device is a multifactorial and complex issue. The availability of specific instruments for 
assessing the global effectiveness of different DPIs is an important need for both research and clinical purposes. 
In this context, the development of an index which might quantitatively and easily inform on the most relevant 
components affecting inhaler efficiency is a desirable achievement. Although validation studies linked to clinical 
outcome are needed, the implementation of a unique and comprehensive score (the GIES) may support and 
facilitates both the assessment and the ranking of DPIs and provides an effective and motivated standard of choice. 
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