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Background: The usability of inhalation devices depends on several factors, eg, the drug to 

inhale, device handling, and patients’ training. Usability is then presumed to have economic 

consequences.

Aim: To assess and compare the cost of patients’ training for proper usability of Breezhaler and 

Genuair (both dry powder inhalers) and Respimat (a soft mist inhaler) in asthma and chronic 

obstructive pulmonary disease (COPD) outpatients.

Methods: The acceptance and handling of the three devices were investigated by means of 

the Handling Questionnaire. The time spent in specific training for ensuring a proper actuation 

and the corresponding costs were also calculated. Linear and logistic regressions were used in 

order to investigate the factors influencing proper handling of the devices. A significance level 

of P,0.05 was accepted.

Results: According to both the patients’ and the nurse’s judgments, Genuair and Respimat were 

perceived as the easiest devices to use, while Breezhaler required the highest number of attempts for 

achieving the first proper actuation (2.6 vs 1.6; P,0.0001). The total training cost per patient (including 

the nurse’s time for demonstration and that for attending the patients’ maneuvers) was €1.38±€1.21. 

Breezhaler was found to be the most expensive as the cost per patient was €2.35±€1.26, which was 

three to four times higher than that of Genuair and Respimat (both devices involved a cost of ,€1 per 

patient, with negligible differences between each other). Asthma and COPD patients showed a similar 

trend, with better outcomes reported for asthma patients probably due to lower age.

Conclusion: Substantial differences were found to exist in patients’ acceptability and handling of 

the three devices. The economic impact of specific training was also different and strictly related to 

the comprehension of the procedure for actuation of each device. Respimat as a soft mist inhaler and 

Genuair as an metered-dose inhaler proved to be the most convenient in economic terms also.

Keywords: device usability, patient preference, economic impact of training, Handling 

 Questionnaire, Breezhaler, Genuair, Respimat, bronchial asthma, COPD

Introduction
Patients’ acceptability of inhalation devices still remains a crucial point to investigate 

because its role in affecting the effectiveness of respiratory therapy and of related 

outcomes is high, indeed, and ever increasing.1–4

Acceptability and preference of different devices has been extensively investigated 

for many years and several critical aspects have been focused upon,1–5 particularly 

when investigated by means of validated instruments.6–8
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The economic impact and sustainability of nursing activi-

ties and training aimed to ensure a proper use of devices has 

never been investigated in subjects with persistent airway 

obstruction, and the corresponding cost has never been com-

pared among different devices, to our knowledge.

A recent study carried out in asthma and chronic obstruc-

tive pulmonary disease (COPD) patients compared the extent 

of training required for explaining and showing the correct 

inhalation procedures of three different devices before achiev-

ing their first proper actuation, and results proved dramatically 

different in terms of time of specific training required.5

The aim of the present study was to calculate and compare 

the economic impact of specific training aimed at allowing 

the first proper use of two dry powder inhalers (DPIs) and 

one soft mist inhaler (SMI) in obstructive outpatients, ie, all 

patients with obstructive airway disease (candidated for DPI 

utilization, potentially).

Methods
The study was approved by CEMS-Centro Medico Specialis-

tico, Verona (Italy) and all patients gave their written informed 

consent to the study. Breezhaler (B) and Genuair (G) as DPIs 

and Respimat (R) as an SMI were previously investigated5 

in order to assess their acceptability and check the patients’ 

most critical steps in their usability, by means of the Handling 

Questionnaire, which is an investigational tool covering several 

domains of patients’ requirements.6

First, the functioning of each device was shown to each 

patient in a random order by an expert nurse institutionally and 

specifically involved in respiratory educational programs.

In the second phase of the study (ie, after giving careful 

instructions of functioning of each device), patients were 

required to prepare each actuation by themselves, while the 

nurse was monitoring the patients’ procedure of use. The 

nurse also noted their critical steps, counted the number of 

attempts needed for actuating the device effectively, and 

measured the time (in seconds) spent. Then, the subjects 

were requested to report and specify the reasons for choosing 

it, once their preference, once they experienced the device 

directly. Moreover, at the end of the study, the nurse added 

her own comments to the patients’ ones, in order to compare 

the two points of view for each device.

As the three devices to compare were different in terms of 

the number of maneuvers required for their actuation, they were 

presumed to be different also in terms of patients’ comprehen-

sion. Consequently, the time spent by the nurse in explaining 

and demonstrating the proper functioning of each device was 

measured (in seconds) together with the corres ponding time 

required by the patients for practicing each device properly and 

effectively. After the third attempt, the duration of nurse instruc-

tion was not further timed because all further attempts were 

presumed to be of the same duration as the third attempt.

Devices were then investigated and compared in terms of 

cost involved in their educational training, such as the cost cor-

responding to the time spent by the expert nurse for explaining 

and demonstrating exhaustively how to use each device prop-

erly. The nurse’s cost per minute was calculated stemming from 

the mean annual salary of a professional hospital nurse9 divided 

by 1,512 hours per year (eg, 36 hours/week for 42 working 

weeks/year); the cost was then adjusted to 2014 value by using 

figures from the Italian consumer price index.10

Differences among devices were assessed by using appro-

priate statistical tests such as the Welch test for normally 

distributed variables, the Wilcoxon test for not normally 

distributed variables, χ2 test, and the analysis of variance test. 

All data were expressed as mean ± standard deviation or as 

absolute numbers and percentage, as appropriate. A P-value 

,0.05 was considered significant for all statistical tests. All 

analyses were performed using computer software R 3.1.2 

(R Core Team R, Vienna, Austria).11

Finally, a subgroup analysis was also carried out according 

to patients’ original disease (ie, bronchial asthma or COPD), in 

order to investigate whether their original respiratory condition 

might be associated with a different understanding of proce-

dures and a different training-induced economic impact.

Results
The number of maneuvers required for actuating each device 

and the characteristics of 333 consecutive outpatients investi-

gated are reported in Table 1, together with the mean duration 

of the nurse’s training sessions and the corresponding time 

spent for patients’ operational attempts.

Device B proved the most difficult to use when in the 

patients’ hands. Device B required the highest number of 

attempts before achieving the first proper actuation (2.6 vs 

1.6 vs both devices G and R, P,0.0001) and had the lowest 

success rate after the first training session (20% vs 56% with 

G and 62% with R) (Table 1).

When only patients who failed the first attempt were con-

sidered, device G required less attempts than the other two 

(2.4 vs 2.7 for R, P,0.05, and 3.0 for B, P,0.0001).

Total time spent in learning how to use the device pro-

perly was found to be the highest with device B (P,0.0001), 

because both the nurse’s explanation time and the time 

required by the patients for preparing the inhalation properly 

were the longest. In particular, total time required for a proper 
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preparation was significantly lower with devices G and R, 

that is, 150 seconds with G and almost 180 seconds with R, 

but more than 600 seconds with B (P,0.0001). All pairwise 

comparisons are detailed in Table 2.

The cost related to the training actions amounted to €0.51 

per minute of work. Actually, the total training cost per patient 

(including the nurse’s time for demonstration and that for 

attending the patients’ maneuvers) was €1.38±€1.21 (inter-

quartile range [IQR]: 0.42–2.44). Device B was found to be 

the most expensive in terms of cost per patient (€2.35±€1.26 

[IQR: 1.52–4.04]), which was three to four times higher than 

that of devices G and R. Both devices G and R induced a 

cost of ,€1 per patient, with negligible differences between 

each other (Figure 1).

Devices G and R proved quite similar from this point of 

view: R was the easiest to use according to the nurse’s judg-

ment (P,0.05), while G needed less attempts before achiev-

ing proper actuation in patients who failed in the first attempt 

(P,0.05). However, the mean total number of attempts was 

not significantly higher with device C because it proved to be 

the easiest device to learn to use, with a success rate of more 

than 60% in the first attempt. Also, the total time required for 

a proper actuation (ie, the time that includes the patients’ time 

for learning and practicing using each device, and the nurse’s 

training time) was very similar with G and R.  Obviously, 

the cost per patient was also similar; in more than 75% of 

patients, the cost was lower than €1 with both the devices: IQR 

0.34–0.84 for device G and 0.42–0.93 for device R.

Asthma and COPD patients showed a very similar trend. 

Results of subgroup analyses confirmed the presence of only 

mild differences between asthma and COPD patients in terms 

of their behavioral attitude to the devices and the corresponding 

training cost (Table 3, Figure 2). These small differences were 

considered to be likely due to the characteris tics of patients: 

as expected, asthma patients were significantly younger (44 vs 

68 years, P,0.0001), but originally less trained in the use of 

inhalation devices (56% vs 72%, P,0.005).

Table 1 Characteristics of devices tested and differences in 
usability

B G R

Device characteristics
Maneuvers (n)* 7 3 4
Duration of nurse instruction  
(seconds)
 First att 60±4 40±3 50±3
 second att 120±5 60±3 60±4
 Third att 150±7 65±5 90±6
Time spent by patients to use the  
device (seconds)
 First att 110±4 40±3 40±3
 second att 130±6 50±4 50±5
 Third att 150±8 60±5 60±4
Patients’ characteristics
age (mean ± sD) 55±18 54±18 56±18
sex (% male) 47% 49% 45%
Disease (% COPD) 47% 48% 47%
Previous experience with inhalation  
devices

64% 67% 63%

Previous instruction to use of 
inhalation devices

61% 64% 62%

Patients’ perception
Which device seems easier to use? 
(patients’ opinion)

2% 46% 41%

Critical aspects of usability
Operational difficulties in use  
(patients’ claim)

53% 38% 40%

Operational difficulties in use  
(nurse’s assessment)

88% 29% 17%

number of attempts before  
achieving the first proper actuation

2.6±1.1 1.6±0.8 1.6±1.0

Success rate at the first attempt 18.0% 55.7% 62.4%
number of attempts before  
achieving a proper actuation  
(after failure of the first attempt)

3.0±0.8 2.4±0.6 2.7±1.0

Total time needed for the first  
proper actuation** (seconds)

615±301 150±95 170±137

Notes: Data are presented as mean ± standard deviation unless indicated. *number 
of operations to prepare the inhalation. **including patient time and the nurse’s 
demonstration time.
Abbreviations: att, attempt for the proper use of each device; B, Breezhaler; 
COPD, chronic obstructive pulmonary disease; g, genuair; R, Respimat; sD, 
standard deviation.

Table 2 Pairwise comparison results

Number of attempts  
before achieving  
correct preparation

% success at the first  
attempt

Number of attempts before  
achieving proper actuation  
(after failure of  
the first attempt)

Total time needed for the  
first proper preparation* 
(seconds)

G R  

B > > 
G 

G 

B < < 
G 

R  G R 

B > > 
G < 

G R 

B > > 
G < 

Notes: Row versus column: “.” means that value measured for the device in the row is greater than the value of the device in the column (vice versa for “,”); white 
cells represent comparisons that did not reach statistical significance (no differences were detected according to the available data). *Including patient time and nurse 
demonstration. Red cell: P,0.0001; green cell: P,0.01; dark green cell: P,0.05.
Abbreviations: B, Breezhaler; g, genuair; R, Respimat.
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Discussion
Inhalation is the preferred route for delivering respiratory 

drugs because therapeutic agents reach the lungs directly, 

and it offers a more rapid onset of action, smaller doses of 

drugs, and a better efficacy-to-safety ratio.1,12–14

Devices for inhalation represent a crucial issue of respira-

tory treatment (particularly if long-lasting) because per se 

they are able to affect the therapeutic outcomes substantially 

and independently of the molecules used. Several factors 

depending on the devices can, in fact, contribute to the 

effectiveness of treatment, such as inhalation of a sufficient 

respirable fraction of drugs, reproducibility of doses, and 

the understanding and easiness of use, particularly in young 

people and in elderly.15–20

In particular, patient usability and acceptability of inhaled 

devices are still regarded as two relevant factors because the 

understanding and reproduction of the sequential maneuvers 

for their proper actuation can influence the effectiveness of 

the patient’s treatment substantially.2–5,14,16,21–24

The presence of critical aspects in handling of the 

inhalation devices represents a crucial point, particularly 

in the case of metered-dose inhalers, which can be differ-

ently characterized according to their original technological 

characteristics22,25 and the number of actions needed for their 

actuation.5 Data of the present study confirmed that the pat-

terns of usability of devices B, G, and R are heterogeneous, 

but also showed, for the first time to our knowledge, that these 

specific features can lead to significant differences in terms 

of their economic impact.

It is well known that inhalation devices are frequently pre-

scribed by physicians without taking into account ‘patients’ 

opinions. Nevertheless, in our study, we decided to investigate 

the relationship between the patients’ perception and the 

proper and effective use of devices in real life (checked and 

evaluated independently by a well-trained professional nurse). 

Patients tested all devices until they used them correctly, that 

is, until their first successful actuation: once properly actuated 

for the first time, patients were obviou sly presumed to be able 

Total nurse cost of device explanation

� 4.50

� 4.00

� 3.50

� 3.00

� 2.50

� 2.00

� 1.50

� 1.00

� 0.50

� 0.00
Breezhaler Genuair

2.35±1.26

0.65±0.42 0.8±0.67

1.38±1.21

Respimat Mean cost

Figure 1 Cost per patient as the time spent by the nurse in explaining how to use the device to each patient.
Note: Data for each device are expressed as mean ± standard deviation; for each bar, the line between the notches represents the interquartile range.

Table 3 Data of efficiency for each device in both asthma and COPD subjects

B G R

Asthma COPD Asthma COPD Asthma COPD

number of attempts before achieving the  
first proper actuation

2.4±1.0 2.8±1.0 1.5±0.8 1.7±0.8 1.6±1.1 1.6±0.9

Success rate at the first attempt (%) 24.0 11.4 66.9 43.4 64.2 60.3
number of attempts before achieving a proper  
actuation (after failure of the first attempt)

2.9±0.8 3.1±0.8 2.5±0.8 2.3±0.5 2.8±1.1 2.6±0.9

Total time required for the first proper  
actuation* (seconds)

562±298 674±295 137±98 164±89 172±148 167±124

Notes: Data are presented as mean ± standard deviation unless indicated. *including patient time and nurse demonstration.
Abbreviations: B, Breezhaler; COPD, chronic obstructive pulmonary disease; g, genuair; R, Respimat.
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to retain and further reproduce the correct procedure when 

needed. In other words, their first correct actuation was the 

proof of their acquired skill in the device’s usability. Finally, 

patients did not have to choose the device, but only had to 

indicate which device seemed easier to use according to the 

procedure experienced by them for actuation.

From the point of view of usability, device B proved to be 

the most critical and difficult to use in real life, either when 

compared to the analyzed DPI (device G) or to the SMI device 

(device R). In particular, ,3% of patients chose device B as 

the easiest to use and more than 50% of patients met with 

some relevant difficulties in practicing use of this device, 

and these data confirm the results of a previous study.26 As 

a consequence, the corresponding economic impact was the 

highest. In other words, when compared to that of the other 

two devices, the nurse’s training time required for ensuring a 

proper inhalation via device B corresponded to a mean cost 

increment of €1.5–€2.0 per patient.

The relevance of the time spent to allow the first proper 

actuation of each device is crucial in our opinion, because it 

does not reflect the patient’s perception concerning the dif-

ficulties possibly encountered in usability of each device, but 

measures objectively the true difficulties faced by a patient 

in using each device in real life by means of a simple and 

quantitative measurement (in seconds). This quantity of 

time inevitably corresponds to an economic impact, either 

in terms of nurses’ work time or lower therapeutic outcomes 

due to ineffective therapeutic inhalations of respiratory 

drugs. This particular aspect was never taken into account, 

to our knowledge, when considering the  pharmacoeconomics 

of respiratory treatments. In general, attention had been 

almost uniquely focused on calculation of major compo-

nents of asthma and COPD cost of illness such as; hospital 

 admissions, medical visits, drugs consumption as direct 

costs, and work and school days off, and lost opportunities 

as indirect costs. Nevertheless, the impact of specific training 

aimed to ensure proper usability of devices is not negligible 

in economic terms as it approximately corresponds to the 

annual salary of two professional nurses. The calculation 

of this particular component of costs might then contribute 

to define a more precise pattern of convenience for each 

device.

Usually, the major criteria for prescribing one inhalation 

device are mainly related to its “apparent easiness of use” 

(based on patients’ perceptions), without any controlled 

testing of the true capability of the patients in reproduc-

ing the procedures required for the proper actuation with 

that device. When prescription is based on the evidence of 

specific training, some firm beliefs can change dramatically, 

and the original “apparent easiness of use” may objectively 

switch to “difficult to use” in handling the same device, as 

was shown in the present study when devices B, G, and R 

were compared.

Conclusion
Substantial differences exist in patients’ acceptability and 

handling of the three inhalation devices. In order to provide 

a complete picture of each device’s performance, the training 

time spent for achieving the first proper inhalation should be 

regarded as a reliable measure for characterizing each device 

Total nurse cost of device explanation (subgroup results)

� 4.50

� 4.00

� 3.50

� 3.00

� 2.50

� 2.00

� 1.50

� 1.00

� 0.50

� 0.00
Breezhaler Genuair

2.12±1.24

0.59±0.44

2.59±1.23

0.72±0.4 0.82±0.73 0.79±0.61

1.28±1.15 1.5±1.26

Asthma

COPD

Respimat Mean cost

Figure 2 Cost per patient as the time spent by the nurse in explaining how to use the device in asthma and COPD patients.
Note: Data for each device are expressed as mean ± standard deviation; for each bar, the line between the notches represents the interquartile range.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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in terms of usability, which is then added to the usual indices 

for judgment.

Correspondingly, the choice of one device might also be 

supported objectively by the cost of the specific training for 

that device. Actually, this variable would contribute to further 

characterize the performance of each device in economic 

terms. The domains for the convenience of choice would 

then be substantially extended in favor of the payer’s point 

of view also.

Device R as an SMI and device G as an metered-dose 

inhaler proved to be the most convenient in economic terms 

also.
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