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Abstract

Objective: Correct inhalation technique is crucial for drug delivery to the airways of Asthma and COPD patients.
The aim of the current study is to assess the usability of three commonly used DPI devices in Greece in Asthma and
COPD patients.

Methods: This was a non-interventional, multicenter, observational study that enrolled 755 patients (409
Asthma and 346 COPD). Evaluation of device use was performed at baseline (day 0), immediately after correct use
demonstration by the investigator, and final visit (day 30). Assessment was based on 8-step device-specific checklists
where all the required inhalation maneuvers were described. Primary variable was the number of critical errors
observed during baseline and final visit. The ACQ and CAT questionnaires were used to record patients’ perspective
about their condition, and the FSI-10 questionnaire to depict patients’ feeling of satisfaction from inhaler use.

Results: More than 70% of the patients performed all inhalation maneuvers correctly right after the first
demonstration by pneumonologist. At final visit approximately 85% of Diskus®, 93% of Elpenhaler®, and 75% of
Turbuhaler® users did not make critical errors that affect drug delivery to the lungs. Elpenhaler® had the lower error
rates for critical steps at baseline and final visits (7.0% and 2.5% respectively), whereas the corresponding rates for
Diskus® were 7.3% and 4.9%, and for Turbuhaler®, 8.5% and 7% respectively. All patients had improved ACQ and CAT
scores and were at least fairly satisfied by their inhalers.

Conclusions: Demonstration of inhalation technique is of paramount importance, while prescribing an inhaled
therapy. Improvement over one-month use was more evident in Elpenhaler® device. The lower error rates on critical
steps for Elpenhaler® reported at baseline and final visits in combination with the observed improvements in ACQ, CAT

and FSI-10 scores suggest better adherence to therapy and disease control.
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Introduction

Asthma and chronic obstructive pulmonary disease (COPD) are
two of the leading causes of morbidity, mortality and economic burden
worldwide [1]. Epidemiological data of Asthma in Greece are limited.
A national prevalence survey on Asthma conducted from the Asthma
Working Group of the Hellenic Thoracic Society has shown that the
prevalence of physician-diagnosed Asthma was 9% and Asthma
incidence was calculated as 16 new cases per thousand people [2].
As far as COPD is concerned, the estimated prevalence of COPD for
Greece in total population has been reported to be 8.4% [3].

Chronic respiratory diseases represent 5% of total disease burden
and 8.3% of chronic disease burden worldwide, accounting for more
than 4 million deaths each year [1]. COPD is a leading cause of
morbidity and mortality worldwide [4] and results in an economic and
social burden which is substantial and increasing.

Asthma is also one of the leading causes of morbidity, mortality
and economic burden worldwide [1]. According to the World Health
Organization, the number of Asthma patients is 300 million and with
its rising trends it is expected to increase to 400 million, by 2025 [5].

Taking into account the increasing prevalence of both Asthma and
COPD, the morbidity and mortality they cause, and the increasing
economic and social burden, it is crucial that both conditions should
be treated in the most effective way.

Inhalers are the principle vehicles for the effective treatment of
both Asthma and COPD. Delivery of respiratory drugs via inhalation
achieves a high concentration in the airways, more rapid onset of
action, and fewer systemic adverse effects than systemic delivery [6].
There are numerous options for inhalation devices and continuously
improved technical features to better meet each patient’s need.
However, the effective drug delivery to the lungs depends highly on
correctly performed inhalation maneuvers, making efficient training
of the inhaler technique of paramount importance. Training on
inhalation maneuvers is crucial for effective management of Asthma
and COPD, is recommended by both GINA and GOLD guidelines, and
in combination with frequent monitoring of the inhalation technique
ensure effective control and optimal therapy for Asthma and COPD
patients [4,6-10]. Data from literature report that as many as 25% of
patients had never received verbal inhaler technique instruction [8],
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up to 85% of patients do not use their inhalers correctly [8], and that
instructions of use usually derive from patient information leaflets
(PILs) for inhaler users and not patient education by the physician,
with consequences on correct inhaler use, treatment efficacy and
subsequently Asthma/COPD control [7,11].

Given the influence of correct inhalation technique on drug delivery
and efficacy, it is crucial to focus on assessment of device use and plan
strategies to ensure effective use of inhaler devices when errors occur.
Personal instructions and patient training on correct use of inhalation
device minimize faulty device handling and promote treatment efficacy
and disease control. In a study that evaluated the inhalation technique
of experienced Asthma and COPD patients using the Diskus®,
Handihaler® and Turbuhaler® inhalation devices it was reported that
at least one critical error that influences drug delivery was observed
for 34.5% of Diskus® users, 35% of Handihaler® users, and 43.5% of
Turbuhaler® users [11]. In a 4-week multicenter, randomized, parallel
group trial that compared correct use of Diskus®, Easyhaler®, and
Turbuhaler®, among 326 inhaler-naive Asthma patients, it was reported
that during first visit the proportions of subjects using their devices
correctly, after reading instructions from PILs, were 43% for Diskus®,
45% for Easyhaler®, and 51% for Turbuhaler® [12]. The corresponding
proportions a month later, following 2 sets of patient education
and training at 2 and 4 weeks, were 89%, 84% and 81% for Diskus®,
Easyhaler®, and Turbuhaler” users respectively, indicating the need for
training in inhalation technique, irrespective of device used. Another
randomized crossover study that compared Diskus® and Elpenhaler®
device use and included 113 COPD and Asthma patients naive to both
inhalers has shown that after reading only PILs 16.8% of Diskus® and
35.4% of Elpenhaler® users made at least one critical error, while the
respective percentages after first instruction by the trainer decreased
at both patient groups, reaching 1.8% and 11.5% for Diskus® and
Elpenhaler® users, respectively [13]. The value of training of inhalation
technique is further confirmed by the results of another randomized
crossover study that assessed the use of Diskus®/Accuhaler® and
Turbuhaler® devices, after PIL reading only and after inhaler education
[14]. The results showed that the percentage of correct handling
maneuvers and the percentage of patients achieving 100% of correct
maneuvers increased significantly after inhaler education in both tested
devices. Improvement in inhalation technique has also been observed
in another study where it was reported that patients who had received
previous instructions in inhalation technique had a 9% higher score
than those who had not [15]. Improvements both on inhaler technique
and respiratory symptoms of patients after patient instruction have
been also reported in a single blind, randomized intervention study in
which 48 patients who had been using a dry powder inhaler (DPI) for at
least one month took part [16]. In this study, patients who had received
instructions had a significantly greater reduction in the number of
mistakes than the patients who did not. Moreover, the instructed
patients also reported less dyspnea, suggesting that better inhalation
technique facilitated disease control.

Apart from correct inhalation technique, patient preference and
satisfaction on treatment can favor adherence to inhaled therapy
and therefore improve treatment efficacy. The FSI-10 (Feeling of
Satisfaction with Inhaler) questionnaire is designed to determine the
ease of use and patient satisfaction in relation to different inhalers,
irrespective of the drug used [17].

Treatment efficacy for both Asthma and COPD is evaluated by
pulmonary function tests (i.e., spirometry) and symptom checks.
Questionnaires such as the Asthma Control Questionnaire (ACQ)
and the COPD Assessment Test (CAT) give further information

concerning patient’s status and facilitate better management of
Asthma and COPD. ACQ is a test developed to measure the primary
goals of Asthma management as identified by international guidelines
[18,19]. The minimum clinically important difference is 0.5. The COPD
Assessment Test (CAT) is a patient-completed questionnaire assessing
globally the impact of COPD (cough, sputum, dyspnea, and chest
tightness) on health status. CAT appears to behave the same way across
countries [20]. The minimum clinically important difference has been
estimated to range between 2 [21] to 3.76 [22,23] points.

To date there are no studies assessing device use in COPD or
Asthma patients in Greece, therefore the primary objective of this
study was to assess the three most commonly used DPIs in the country
(Diskus®, Elpenhaler®, Turbuhaler”) on critical errors that influence
correct inhalation and drug uptake-delivery, in these patient groups.

Patients and Methods
Patients

We planned to enroll 870 diagnosed Asthma and COPD
outpatients > 18 years of age (290 patients per device). Patients had
to be naive to DPI use, able to understand study procedures, complete
study informed consent form (ICF), comply with doctor’s instructions
and fill in the questionnaires of the study (ACQ, CAT, FSI-10).

Patients were excluded from the study if they were contraindicated
according to Summary of Product Characteristics (SmPC) of assigned
therapy, used oral corticosteroids, had an Asthma or COPD attack, had
physical inability to use the selected inhalation device correctly, suffered
from acute or chronic illness, or mental illness or neurodegenerative
disease (i.e., Alzheimer’s disease, depression, dementia, etc.) that
could interfere with the conduct or completion of the trial, actively
participated in another drug or device investigational study, did not
sign ICF, and were either pregnant (women) or willing to become
pregnant. The basic demographic and clinical characteristics of the
study population are described in Tables 1 and 2.

Study design

The present study was a multicenter, prospective, non-
interventional, observational, open-label, parallel group study that was
initially planned to include 58 sites (hospital and private pulmonary
clinical sites). The study consisted of a three-month enrollment period,
followed by a one-month treatment period. Each site had to enroll
15 Asthma or COPD patients during the study, assigned in groups of
five, attributed to the three inhalation devices tested, namely Diskus®,

Asthma patients (N=409) COPD patients (N=346)
N % N %
Gender
Male 170 41.6 257 74.3
Female 239 58.4 89 25.7
Age (mean + SD) 494 +17.2 64.9+11.0
Smoking status
Smokers 70 171 156 451
Ex-smokers 88 21.5 165 47.7
Non-smokers 251 61.4 25 7.2
Educational level
lliterate 13 3.2 12 3.5
Primary school 84 20.5 133 38.4
Secondary school 60 14.7 75 21.7
High school 142 347 81 234
University 110 26.9 45 13.0

Table 1: Basic demographic characteristics of study patients at baseline visit.
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Asthma patients . - To open your device, hold the outer case in one hand and put the thumb
(N=409) COPD patients (N=346) 1 of your other hand on the thumb grip. Push your thumb away from you
N ‘ % N ‘ % as far as it will go. You will hear a click.
Pulmonary function 2 |Hold your device with the mouthpiece towards you (in a horizontal position)
FEV1 (It) (mean + SD) 24+09 17+08 3 | Slide the lever away from you as far as it will go until you hear a click.
FEV1 % pred (mean + SD) 77.9+18.3 58.2+17.5 4 |Exhale to residual volume.
FEV1/FVC (mean = SD) 76.4+12.1 67.0+14.3 5 [Exhale away from mouthpiece.
Asthma control 6 Mouthpiece between teeth and lips.
Controlled 80 19.6 - - 7 |Inhale forcefully and deeply.
Partly controlled 238 58.2 - - 8 Hold breath for about 5-10 seconds.
Uncontrolled o1 222 . . Table 3: Diskus® 8-step checklist.
Classification of severity of airflow limitation
GOLD 1 - - 4 20.5 1 Open storage compartment, take a strip and close compartment again.
GOLD 2 - - 155 44.8 2 Uncover the mouthpiece completely from its protective cover. Unlock and
GOLD 3 - - 97 28 push the mouthpiece backwards as to reveal the supporting surface.
GOLD 4 - - 23 6.6 Place the strip correctly on the attachment point of the supporting
Combined COPD assessment 3 'surface, close the mouthpiece and pull away the protruding end of the
Group A B B 75 217 strip until it |.s detached.
Group B B R 130 376 4 Exhale to residual volume.
Group C _ _ 77 223 5 |[Exhale away from mouthpiece.
Group D N _ 64 18.5 6 Mouthpiece between teeth and lips.
7 Inhale deepl
Table 2: Basic clinical characteristics of study patients at baseline visit. nhale ceeply
8 Hold breath for about 5-10 seconds.
Elpenhaler” and Turbuhaler®. Eligible patients were assigned to the Table 4: Elpenhaler® 8-step checklist.
appropriate inhaled therapy according to the doctor’s opinion in a
consecutive manner. 1 'Remove the cap from the inhaler.
. .. . 2 |Hold your inhaler upright with the red grip at the bottom.
At baseline visit (day 0), spirometry was performed to all selected y - prig — - arip —— -
tient h th ibed inhaled th (medicati . 3 Turn the red grip as far as it will go in one direction. Then turn it as far
P% len :’ who were@ €n prescribe @m ale . crapy m<.3 1ca 10.n .Vla as it will go in the other direction. You should hear a click sound.
DlSkl.lS , Elpenhaler ar?d‘ Turbuhaler®) according to est:_abhshed clinical 4 Exhale to residual volume.
practlc.e [24]. The .phy§1c1ans .demonstrfited t(? each .pa‘tlent the corr?ct, 5 Exhale away from mouthpiece.
according to device, inhalation technique, in 8 distinct steps which ; -
i K X | 6 |Mouthpiece between teeth and lips.
were set by a device-specific 8 step checklist. Then the patient was
R K R R 7 |Inhale forcefully and deeply.
asked to perform the inhalation maneuvers previously shown to him.
8 |Hold breath for about 5-10 seconds.

The device-specific 8 step checklists used for Diskus®, Elpenhaler® and
Turbuhaler® are described in Tables 3-5. The physician observed the
patient having his/her first administration and checked the steps that
were performed successfully. Additionally, at baseline visit, each patient
had to complete a disease-specific questionnaire (Asthma Control
Questionnaire (ACQ) for Asthma patients and COPD Assessment Test
(CAT) for COPD patients) to record patient’s perspective about his/
her condition. The ACQ is valid for measuring Asthma control and
has strong measurement properties for use both in clinical practice
and research. ACQ scores range from 0-6 (higher is worse) [6,19]. A
score of 0.0-0.75 is classified as well-controlled Asthma; 0.75-1.5 as a
‘grey zone’; and >1.5 as poorly controlled Asthma. The ACQ score is
calculated as the average of 5, 6 or 7 items: all versions of the ACQ
include five symptom questions; ACQ-6 includes reliever use; and in
ACQ-7, ascore for pre-bronchodilator FEV | is averaged with symptom
and reliever items. ACQ is a numerical “Asthma control” tool, which is
very sensitive to changes in Asthma symptom control. CAT is a simple
and easy-to-use questionnaire that distinguishes between patients of
different degrees of COPD severity and appears to behave the same way
across countries [20].

An interim phone call interview was performed by the physician 15
days after baseline visit in order to ascertain whether a serious adverse
event or a problem with inhalation device use occurred at the preceding
15 days period. In case a serious problem/adverse event was reported,
an emergency visit was scheduled and all appropriate measures for
patient’s safety were taken.

At final visit (day 30), patients were asked to attend along with

Table 5: Turbuhaler® 8-step checklist.

their inhalation device. Initially, patients were asked to fill in two
questionnaires; the disease-specific ACQ or CAT questionnaire and
the FSI-10 questionnaire in which patient’s personal opinion on the
inhalation device used was recorded [25,26]. The FSI-10 is a self-report
instrument containing 10 questions, each with 5 possible responses on
a 5-point Likert scale (very, fairly, somewhat, not very, hardly at all)
scored from 5 to 1, respectively (maximum total score, 50). It assesses
the level of satisfaction of patients with the inhaler and includes items
on ease or difficulty of use, portability, and usability. FSI-10 is easy to
understand and complete and able to identify differences in patient
satisfaction with the different inhalers.

Adverse events (AEs) were constantly reported during total study
period. All patients gave their written informed consent before entering
the study. The study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines and approved by the
ethics committee of the participating centers (hospital sites).

Assessments

The assessment of devices (Diskus®, Elpenhaler® and Turbuhaler®)
on critical errors that could influence correct inhalation and drug
uptake-delivery, in Asthma and COPD patients, was the primary
objective of the study. For this reason, the percentage of Asthma or
COPD patients with good/adequate use of their inhaler device at baseline
and final were calculated. Good use of the device was demonstrated
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by the score of the device-specific-8-step checklist (Tables 2-4). Each
successfully performed step scored one point, whereas a step which was
not performed successfully or it was omitted scored zero. Good use was
demonstrated if patient executed correctly all 8 steps of the checklist.
Adequate use was demonstrated if patient performed at least the 5 (out
of 8) steps that influence mostly correct inhalation and drug uptake-
delivery (steps in checklists marked in bold).

Moreover, change in questionnaire scores (CAT, ACQ) between
baseline and final visit were recorded as well as FSI-10 score,
spirometric, safety, clinical and demographic data.

Statistical analyses

Data were analyzed using SPSS version 21.0 statistical package.
Descriptive statistical analysis was used for demographic data.
Normality of values was checked by one sample Kolmogorov-Smirnov
test. If distribution was asymmetric, variables were presented as
median, mode or range. Scores were expressed as arithmetic means.
Total scores were given as (mean * standard deviation (SD)). If
applicable, variables were also presented as frequencies and/or
percentage. Bivariate correlations were checked by the appropriate
statistical tests. Differences in scores between devices were analyzed
by non-parametric Mann Whitney-U test. Comparisons of the mean
scores between devices were made by independent samples t-test. One-
way ANOVA with post hoc Bonferroni corrections was also used for
comparisons of group scores. A P<0.05 was considered to indicate
statistical significance.

Results

Patient disposition

We enrolled 755 patients (346 COPD, 409 Asthma) from 54 clinical
sites and 739 (338 COPD, 401 Asthma) patients completed the study
as per protocol. Study diagram and patient’s disposition per device per
visit are shown in Figure 1.

755 patients enrolled
(346 COPD- 409 asthma)

Baseli Diskus® Elpenhaler® Turbuhaler® Day0
a\fles:t"e (N=253) (N=254) (N=248) 2y

Interim Phone Interview
(Day 15)
Lost to Lost to Lost to
follow-up follow-up follow-up
(N=6) (N=6) (N=4)

Final Diskus®
Visit (N=247)

Turbuhaler®
(N=244)

Elpenhaler®
(N=248)

Day 30

Asthma COPD Asthma COPD Asthma COPD
(N=117) N=130 N=116 N=132 N=168 N=76

Figure 1: Study diagram and patient’s disposition.

Assessment of device use

At baseline visit, device use was assessed as good in 75.2%, 75.2%
and 71.0% of Diskus®, Elpenhaler® and Turbuhaler® users, respectively,
and adequate in 78.7% of Diskus® users, 79.5% of Elpenhaler® users,
and 74.2% of Turbuhaler® users (Figure 2).

At the last visit, Diskus® use was assessed as good in 75.2% and
80.6% of Diskus® users at baseline and final visits respectively, while
the percentage of Diskus® users performing adequately the critical
inhalation maneuvers rose from 78.7% to 84.6% between baseline and
final visit. The percentage of Elpenhaler® users performing successfully
all steps rose from 75.2% to 87.5%, while the percentage of Elpenhaler®
users performing adequately the critical inhalation maneuvers rose
from 79.5% to 92.7%. Turbuhaler® use was assessed as adequate in
74.2% during baseline visit and in 75.4% of patients during last visit.
Good Turbuhaler® use was demonstrated in 71.0% and 71.7% of
patients at baseline and final visit respectively (Figures 2 and 3).

The change in the percentage of patients performing successfully all
steps or critical steps per device, between baseline and final visit is briefly
described in Figure 4. More specific, the percentage of Diskus® users
performing successfully all steps or the critical steps of the inhalation
maneuvers, increased by 3.2% and 3.6% respectively, one month after
first inhalation attempt. Also, a month after first inhalation through
Elpenhaler®, the percentage of patients performing successfully all steps
or at least the critical steps of the inhalation maneuvers, increased
by 10.5% and 11.3% respectively, showing an overall improvement

1000

787 5

700 2
60.0
50.0
400
300
200
100

00

% Diskus®  (N=254) % Elpenhaler® (N=254) % Turbuhaler® (N=248)

= Score 8/8 (Good Use)
Score 5/5 (Adequate Use)

Figure 2: Percentages of COPD and asthma patients with good/adequate
device use at baseline (Day 0).

846
800
754

700
600
500
400
300
200
100

00

9% Diskus®  (N=247) % Elpenhaler”  (N=248) % Turbuhaler®  (N=244)

= Score 8/8 (Good Use)
Score 5/5 (Adequate Use)

Figure 3: Percentages of COPD and asthma patients with good/adequate

device use at final visit (Day 30).
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1 105

s = Good use
16 Adequate use

1 04

Diskus* (N=247) Elpenhaler(N=248) Turbuhaler® (N=244)

Figure 4: Change percentage in good/adequate device use between final
and baseline visits, per device.

of inhalation technique over time. There was no significant change
observed in Turbuhaler® users at final visit.

The overallimprovement of inhalation technique over timeis further
demonstrated by the decrease of the total number of critical errors (i.e.,
critical steps not successfully performed/not performed at all) reported
for each device, which is depicted in Figure 5. More specific, the
number of critical errors recorded for Diskus® use at baseline and final
visit were 92 and 61 respectively, corresponding to error decrease from
7.3% to 4.9%. Moreover, the total number of critical errors observed in
baseline visit for Elpenhaler® was 93, which corresponds to a 7% error
on total critical steps performed via Elpenhaler® at baseline visit, while
the error rate at final visit decreased to 2.5%, corresponding to a total
of 31 critical errors observed. The respective number of critical errors
for Turbuhaler® at baseline and final visit, was 106 and 86 respectively,
corresponding to a small decrease at error rates (from 8.5% to 7%).
Among the three devices tested, Elpenhaler® was the inhalation device
with the lowest error rates on critical steps observed, both at baseline
and final visit.

A more detailed view of the errors recorded per step, per device
at baseline and final visits is depicted in Table 6, where the general
improvement in inhalation technique at final visit is evident.

Questionnaires

Figure 6 shows the FSI-10 scores reported following a 30-day
experience with each inhalation device. The mean FSI-10 scores
for Diskus®, Elpenhaler®, and Turbuhaler®, were 41.6, 44.0, and 41.8
respectively, indicating that all patients, irrespective of device used,
were at least fairly satisfied. Moreover, the differences observed
between Elpenhaler” and Turbuhaler” or Diskus® scores were
statistically significant (p<0.001 and p=0.005 respectively), suggesting
that Elpenhaler® may be associated with greater patient satisfaction, as
compared to Turbuhaler® or Diskus®.

The difference between last and baseline visit in ACQ score for
Asthma patients, is depicted in Figure 7. More specific, a statistically
significant decrease in ACQ score (p<0.001) between last visit and
baseline has been reported for all devices, with Elpenhaler® recording
the largest decrease (-1.40). However, the difference in ACQ score did
not differ significantly among devices. The decrease in ACQ observed
was not only statistically but also clinically significant for all devices,
since the minimum clinically important difference is -0.5, indicating
improved Asthma control [27]. In addition, a significant correlation
between AACQ and total FSI-10 score among Asthma patients has
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60 w Baseline visit (Day 0)
o Finl viit (Day 30)
3
’ Diskus*(N=253/247) pe I=: )
Figure 5: Total number of critical errors per device per visit.
Diskus® Elpenhaler® Turbuhaler®
Steps \'Al V2 V1 V2 V1 V2
(N=253) (N=247) (N=254) (N=248) (N=248) @ (N=244)
1 8 5 9 3 4 3
2 23 14 1 3 18 16
3 17 7 25 7 37 24
4 30 14 33 13 31 27
5 32 29 37 14 37 38
6 12 11 9 5 11 15
7 12 6 1 4 10 5
8 21 14 9 13 31 16
Total 155 100 144 62 179 144
‘I):/)oifference -35.5 -56.9 -19.6
P <0.05 <0.05 <0.05

Table 6: Number of errors reported at baseline (V1) and final visit (V2) per device
per step.

150 440
a16 418

=Mean FSI-10 score

Diskus® (N=247) Elpenhaler’(N=248) Turbuhaler” (N=244)

Figure 6: Mean FSI-10 score per device.

been observed (p=0.019), implying that patients who were more
satisfied from their device had a better perspective on their health
status or vice versa.

The difference between last visit and baseline visit, as far as the CAT
score in COPD patients is concerned, is depicted in Figure 8. CAT score
decreased between final and baseline visit by 4.94, 6.37 and 4.07 points
for Diskus®, Elpenhaler® and Turbuhaler® users respectively, a clinically
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Figure 7: Mean change in ACQ score per device.
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Figure 8: Mean change in CAT score per device.

Mean Change (CAT score)

significant change for all devices, that indicates improved viewpoint
on the perceived impact of COPD in patients’ life. ACAT comparison
of Elpenhaler® and Turbuhaler® was found to be statistically significant
(p=0.016), whereas ACAT comparison of Elpenhaler® and Diskus® did
not find statistically significant differences (p=0.127). Also, a significant
correlation was found between mean ACAT total score and mean FSI-
10 total score (p=0.001) in COPD patients, implying that patients who
were more satisfied from their device had a better perspective on their
health status.

Spirometry

There was no significant difference for AFEV between final and
baseline visits for Diskus®, Elpenhaler®, or Turbuhaler® patient groups
(p>0.05) and there was an overall improvement in mean FEV, for
both COPD and Asthma patients following one-month treatment. The
change in mean FEV | between final and baseline visit was found to be
significant both for Asthma (0.3 It + 0.4, p<0.001) and COPD (0.15 1t
+ 0.57, p<0.001) patients. As far as AEs is concerned, the AEs reported
were rare and mild in intensity in all used devises. The most common
adverse events reported were hoarseness, tremor and stomatitis. The
difference in FEV | between final and baseline visit was also found to
be strongly correlated both with AACQ (p<0.001) and with ACAT
(p<0.001) in Asthma and COPD patients, respectively.

Discussion

This is the first DPI usability study in Asthma and COPD patients
in Greece. The study was observational in design to depict real-life

conditions. All patients were DPI-naive to exclude bias from prior use
of another DPI. Correct use of each device was demonstrated to each
patient by the doctor prior to first administration and evaluated by the
use of 8-step device specific checklists.

Our results showed that physical demonstration of correct
inhalation maneuvers for each device prior to first administration,
leads to high percentages of adequate use for all tested devices
(Diskus®, Elpenhaler® and Turbuhaler®), both at first use and a month
later, ensuring optimal efficacy of the inhaled therapy, and further
confirming that demonstration of correct use and training are of
paramount importance [4,6-10]. Among tested inhalers, Elpenhaler®
was the device with the lowest error rates on critical steps observed,
both at baseline and final visit, and the highest score in the Feeling of
Satisfaction with Inhaler Questionnaire.

Physical demonstration of correct inhalation technique prior to
first administration resulted in more than 70% of patients performing
all inhalation maneuvers correctly from first use. The percentage of
good use at first demonstration for Diskus® was 75.2%, for Elpenhaler®
was 75.2% and for Turbuhaler® was 71.0%, percentages that are
significantly higher than those observed in another study (43% for
Diskus® and 51% for Turbuhaler®) in which first patient demonstration
was performed after PIL reading [12]. This finding suggests that physical
demonstration of correct use is more effective than simple PIL reading.
In another study, it has been shown that after a single instruction 74%
of patients using the Diskus® device and 32% the Turbuhaler® device
were able to use their devices correctly [28].

Patient performance on inhalation technique improved after one
month, with improvement being more evident in Elpenhaler® users
and least evident in Turbuhaler® users. More specific, during final visit
almost 85% of Diskus®, 93% of Elpenhaler®, and 75% of Turbuhaler®
users did not make any critical errors. Improvement of inhalation
technique over a four-week period, observed in our study, is in line
with other studies [12,16].

Improvement of inhalation technique and minimization of critical
errors lead to more effective drug delivery and therefore symptom
control [4,6-10]. Our results are in agreement with this, since statistically
and clinically significant improvements have been observed both for
ACQ and CAT questionnaires for all devices tested.

As far as the ACQ questionnaire is concerned, the differences
between visits recorded for Diskus®, Elpenhaler® and Turbuhaler®
were -1.26, -1.40, and -1.29 respectively. The former differences exceed
the minimum clinically important difference for ACQ, which was
estimated at -0.5 points [27]. The difference in ACQ score did not differ
significantly among devices.

The mean change recorded in CAT score between final and
baseline visits was 4.94 for Diskus®, 6.37 for Elpenhaler®, and 4.07
for Turbuhaler®, suggests that during final visit all patients had an
improved viewpoint on the perceived impact of COPD on their life.
The former changes are also clinically important since the minimum
clinically important difference has been reported to range between
2-3.76 points [21-23].

Asfaraspatient’s feeling of satisfaction from device use is concerned,
which was reflected in numbers through the FSI-10 questionnaire, it
was found that all patients were at least fairly satisfied by their inhalation
devices, justifying pulmonologists’ selection of device according to
patient profile and needs. FSI-10 score for Elpenhaler® was significantly
higher than the corresponding scores of Diskus® and Turbuhaler®.
The latter findings are in agreement with recent publications [29,30]
concerning assessment of patient’s feeling of satisfaction from Diskus®,

J Pulm Respir Med
ISSN: 2161-105X JPRM, an open access journal

Volume 6 - Issue 4 + 1000360



Citation: Bouros D, Evangeliou MN (2016) Critical Steps: A Non-Interventional, Multicenter, Prospective, Observational Study on Critical Handling
Errors with DPI Use, in Asthma and COPD Patients. J Pulm Respir Med 6: 360. doi:10.4172/2161-105X.1000360

Page 7 of 8

Elpenhaler® and Turbuhaler® in Greek COPD (N=517) and Asthma
(N=523) patients, where mean total scores were similar and ranking of
devices according to patient’s feeling of satisfaction was the same (Elpe
nhaler®>Turbuhaler®>Diskus®) [26].

The improvements presented above in both ACQ and CAT scores
along with the scores of FSI-10 questionnaires suggest that adherence
to therapy in both COPD and Asthma patients may be high in these
groups of patients. Also, significant correlations have been observed
between AACQ and FSI-10 (p=0.019), and ACAT and FSI-10 scores
(p=0.001), suggesting that patients who have an improved perspective
of their health status are more satisfied by their inhalers and vice versa.
The improved viewpoint on their condition is further confirmed by
spirometric data, where statistically significant and clinically important
FEV, changes have been observed in both COPD and Asthma patients
[31-34]. The latter is in agreement with recent bibliographic data that
report positive correlations between satisfaction from inhaler devices
with improved adherence and clinical outcomes [1].

Among the devices tested, Elpenhaler” was the device with the
least error rates on critical steps observed, at both visits. The error rates
observed for Elpenhaler® at baseline and final visits were 7.0% and 2.5%
respectively, indicating that the possibility of making critical errors that
influence correct inhalation and drug delivery is extremely low. Also,
Elpenhaler”® is associated with greater patient satisfaction as compared
to Diskus® and Turbuhaler® devices. Elpenhaler® is a relatively new
inhalation device which was launched in the Greek market in 2006
and in the rest European countries in 2011, therefore there do not exist
usability data from studies of similar design, in order to make direct
comparisons.

Our study presents with some limitations. Firstly, the study is not
randomized in design in order to simulate real-life conditions and
therefore a device selection bias may be implied; however, the high FSI-
10 scores documented for all patient groups in our study indicate that
assignment of devices was made according to patient profile and needs
(current clinical practice) and not according to physician’s special
preferences. Secondly, in this study errors in inhalation maneuvers
were recorded by utilizing device-specific checklists that were designed
according to approved SmPCs and PILs. The latter provides an
objective way of assessing device use that could be followed hereinafter
on one hand, but on the other hand does not leave space for direct
comparisons with other studies.

In conclusion, the study shows that physical demonstration of
correct inhalation technique prior to first use, leads to minimization
of critical errors during administration of an inhaled therapy and
subsequently more effective disease control. Better symptom control was
verified by the clinically significant changes reported for ACQ and CAT
scores and spirometry data for all tested devices. The high FSI-10 scores
reported for all devices tested indicate correct physician’s judgment on
which inhaler better meets each patient needs. Improvements in ACQ
and CAT scores and high FSI-10 scores reported suggest adherence to
therapy and more effective disease management. Elpenhaler® was the
device with the lowest error rates and the highest FSI-10 score reported
among the devices tested (Diskus® and Turbuhaler®), suggesting that
this recently developed inhaler is a reasonable and useful addition
in the armamentarium of inhaled therapies for Asthma and COPD
patients.
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