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Assessing Appropriate Use of Inhaler Devices among Asthmatic
Patients

By

Ola Adel Fawzi Salah

Supervisor
Prof. Waleed Sweileh
Co-supervisor
Dr. Samah Al-Jabi

Abstract

Background: Appropriate use of inhaler devices such as metered-dose
inhalers (MDIs) and dry-powder inhalers (DPIs) in clinical practice is not

well studied in Palestine and few were carried out in the Arab world.

Objectives: The objectives of this study were to assess patients’
administration technique of inhaler devices and its association with other

variables.

Method: A cross sectional observational evaluation was conducted at a
pulmonary clinic in Nablus, Palestine. Administration technique was
evaluated based on a pre-defined checklist. Asthma control was assessed

using Asthma Therapy Assessment Questionnaire (ATAQ) scale.

Results: MDIs (without spacer) and DPIs (turbuhalers and aerolizers) in
patients with asthma disease were studied. The study included 149 patients
with mean + standard deviation (SD) age of 47.5 + 18.5 years. Fifty five
(36.9%) of the study patients had college education and higher. Forty two
(28.2%) patients were using MDIs, 38 (25.5%) were using DPIs and 69
(46.3%) were using both devices. A total of 217 inhaler devices were

evaluated: 111 (51.2%) for MDI and 106 (48.8%) for DPI. Mean scores +
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SD for correct inhaler technique were 61 + 20.1, 71.4 £ 14.9 and 66.2 +
15.7 for MDIs, turbuhalers and aerolizers respectively (p = 0.00). For MDI
and DPI devices, step 3 “exhale to residual volume” was the least correctly
done (22.5% and 13.2% respectively). There was a significant relationship
between correct score of handling inhaler device and educational level (r =
0.187; p=0.006) where higher educated patients had higher correct scores.
Among patients, ATAQ scale indicated that 22 (14.8%) patients had well
controlled asthma, 56 (37.6%) patients were not well controlled and 71
(47.7%) patients were poorly controlled. There was significant difference
in scores of correct inhaler device handling and asthma control category (p
< 0.01) where patients had higher correct scores were with higher control
for their asthma. Among patients using inhaled corticosteroids (ICS), there
was a significant difference between adherence score and correct handling
scores (p = 0.002) where patients with better adherence had higher correct

SCOrces.

Conclusion: Correct handling of inhaler devices was not common
particularly among MDI devices. Regular checking of inhalation technique
and proper practical teaching of patients is crucial for optimal use of most

inhaler devices.
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Introduction
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Chapter One

Introduction

1.1 Background

Inhalation is the preferred route of delivery for drugs intended for
asthma. The major advantage of inhaled therapy is that medications are
delivered directly into the airways, which reduces risk of side effects and
amount of medication required [1-3]. The mechanisms of action,
effectiveness and the significance of inhaled corticosteroids (ICS) as well
as short- and long-acting B2-agonists in the management of asthma and
chronic obstructive pulmonary disease (COPD) are well-established.
However, the importance of the mode of delivery of these agents, which is
the inhaler device, is still disregarded [4]. The Gaining Optimal Asthma
Control (GOAL) study showed that despite that current asthma treatments
are effective and are able to achieve good asthma control in patients,
asthma remains insufficiently controlled [5-6] . There are many reasons
that might explain why asthma remains poorly controlled. Such reasons
include: poor compliance with therapy, wrong inhaler choice by physician

and improper inhalation technique [1, 3] .

Inhalation as a mode of therapy was developed within the last 50
years. However, this mode did not find widespread use until the
introduction of the first propellant gas aerosols in the form of metered dose
inhalers (MDI) in the middle of the 20th century. In the 1970s and 1980s,
spacer devices were developed as an addition to MDIs. Further

development in MDI technology came in the form of a breath-activated
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MDI (Autohalers) launched in the United Kingdom (UK) in 1989 [1]. The
development and introduction of breath-actuated devices, including dry
powder inhalers (DPI) was an important progress in the history of
inhalation therapy [7]. In 1969 the first DPI was available in the market. It
was the Spinhalers (Fisons, UK), and then it was followed by the
Rotahalers (GlaxoSmithKline, UK) in 1977 and the Diskhalers
(GlaxoSmithKline, UK) in 1980. In 1988 the first multidose DPI, the
Turbuhaler (AstraZeneca, UK), was introduced in the UK, followed by the
Aerolizers  (Novartis, Switzerland) and the Diskus/Accuhalers

(GlaxoSmithKline, UK) and in 2001 the Novolizers ( MEDA, Sweden) [1].

The most commonly used inhaler devices are either the MDIs or the
DPIs, and the device selection should be based on the availability, cost of
the device, patient and physician preference, and clinical setting. [8].
Metered dose inhalers have small size, portable, compact, convenient,
relatively low cost, multi-dose capability, quick delivery, and the contents
are protected from contamination by pathogens [9]. However, MDIs drug
delivery is highly dependent on patient technique; misuse can result in a
suboptimal (even zero) lung deposition. Most of the dose 1s deposited in the
oropharynx causing high oropharyngeal impaction unless a holding
chamber or spacer is used. Other disadvantages of MDI are failure to
shake, have fixed drug concentration, and adverse reactions to propellants
have occurred in some patients [9]. On the other hand, a primary advantage

of DPIs is coordination of actuation with inspiration. However, they
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depend on patient’s inspiratory flow. A primary disadvantage of unit-dose

DPIs is the time needed to load a dose for each use [9].

Because of these differences in the types of devices and their
advantages and disadvantages there were many devices to be developed, a
wide range of MDIs and DPIs are available nowadays trying to maximize
drug delivery with low variability [10]. Inhalers also face many clinical
challenges such as patient’s age, clinical condition and inspiratory flow [8].
Also inhalers do not show the same performance and manufacturers are

trying to present the best device design for the patients [10].

Good-quality outcomes in asthma hinge not just on the availability of
medications but also on their appropriate use by patients. Both the efficacy
of a medication and patient adherence to the therapeutic regimen influence
the effectiveness of a treatment [11]. It has been recently demonstrated that
inhaler misuse is associated with decreased asthma control in asthmatics
treated with an ICS [7], where for ICS to be effective, good inhaler
technique and adequate adherence are important. [12]. Large systematic
reviews of bioequivalence have found that, when properly used, MDI and
DPI devices are not different in delivering inhaled medications, and then

patients will have the same asthma control [12-13].

In this study we want to provide baseline data about the ability of

Palestinian patients to use their inhalers correctly.



1.2 Objectives
The objectives of the study were:

1. To assess the administration technique of inhaler devices among patients

with asthma diseases.

2. To compare correct use of two different types of inhaler devices: [DPIs]

versus [MDIs].

3. To determine the factors significantly associated with correct use of

inhaler devices.

4. To determine the relationship between asthma control and correct use of

inhaler devices.

5. To determine the extent of adherence to ICS and its relationship with

correct use of inhalers.

1.3 Significance and Justification of the Study

This is the first study in Palestine and one of the few in the Arab
world to assess appropriateness of drug administration technique among
patients using inhaler devices. There is a lot of doubt that patients in
Palestine might not get enough education from physicians, nurses and
pharmacists about the proper use of inhaler device. Therefore, this study
will provide baseline data about level of knowledge and actual practice of

patients in this regard.



1.4 Expected Outcome of the Study

The results of this study should encourage the Ministry of Health
(MOH) and health policy makers to invest more in pharmacists,
particularly clinical pharmacists, to run patient education and counseling
clinics for patients in general and for patients with inhaler devices in
particular. Clinical pharmacists should take the lead in such topic by
providing patient’s education and counseling in asthma clinics. Teaching
these patients will improve the therapeutic outcome, improve quality of life

and have a positive economic impact.
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Literature Review
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Chapter Two

Literature review

No previous studies have been carried out to assess administration
technique of inhaler devices in Palestine. However, many studies were
carried out worldwide and few in the Arab world. To the best of our
knowledge, the following list briefly summarizes previous studies that are

highly related to our study.

1. Khassawneh et al., 2008 (Jordan) [2]: a prospective observational study
was held in three pulmonary clinics and included 300 patients (11-85
years old) with 525 inhaler devices, specific forms were filled; 193
MDIs, 83 aerolizers, 103 diskus and 146 turbuhalers. Results indicated
that 74.6% of patients were using MDI’s inappropriately, and 16.9%,
6.8% and 43.2% were the percentages for inappropriate use of aerolizers,
diskus and turbuhalers respectively, he reported that diskus inhalers had

the best technique and MDIs had the worst.

2. Osman et al., 2012 ( Sudan) [14]: a study was carried out over 300
community pharmacists to show their ability in using the inhaler devices
appropriately because they are the responsible persons in educating
patients on how to use these devices. The study included 105 MDIs, 83
MDIs with spacers, 61 turbuhalers and 51 diskus inhalers with a
checklist of 9 steps of inhaler device use. Only one pharmacist was able
to demonstrate an optimal technique with no faults, and one third of

pharmacists poorly demonstrated the technique.
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3. Mehmood Khan, 2012 (Sudai Arabia) [15]: This study was held in Saudi
Arabia, Al Ahsa area, to test the community pharmacists’ ability to use
the inhaler devices appropriately, specifically MDIs. The study included
71 community pharmacists; most were Egyptians (70 pharmacist), and
using a nine-step checklist. The most step done appropriately was
inserting the mouthpiece into mouth between closed lips, while the least
two were waiting for 20-30 seconds before starting the second puff and
holding breath for 5-10 s respectively. Pharmacists were found to have a
poor MDI technique with mean (£SD) score of 4.2+ 2.08 for the nine

steps.

4. Hassan, 2009 (Saudi Arabia) [16]: A study in Saudi Arabia, Riyadh city
investigated the use of MDIs among 100 COPD patients over one month
and a half using a nine step checklist. Results showed that no patient got
a complete technique to his/her MDI device and only 20% get over 50%
of the total score of 9, and the mean (+SD) score was 3.2+1.7 out of 9.

Highly educated patients had significantly better technique than others (p
=0.005).

5. Roy, 2011 (United States of America, USA) [12]: The study included
270 participants over 18 years old with mean (£SD) age of 48.2 £ 13.3
years. The study was held over 33 months, 163 (60%) of participants
were using DPIs and 107 (40%) were using MDIs. The study showed no
significant difference in the inappropriate use of DPIs and MDIs

(p=0.46). In addition, among DPI users, the steps least often completed
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were exhalation to residual volume prior to putting the inhaler in the
mouth (32%) and holding the breath for 5 seconds after removal of the
inhaler (47%). Patients who were using DPIs were more likely to be
adherent to their medications (p = 0.001), also patients who were using
DPIs had more emergency department visits (p = 0.04) and were more
likely to require oral steroids (p = 0.002) in the previous year, while the
type of inhaler device was not associated with any of the co-morbid

conditions assessed in the survey (p > 0.10).

. Muller et al., 2011 (Hungary) [17]: One hundred and eleven patients
were studied, 53 were using MDIs and 58 using DPIs. The study showed
that asthma control was achieved by 45.9% of patients. However, 38.7%
were partially controlled and 15.3% were uncontrolled, also control in

patients using MDIs was better than that in patient using DPIs.

. Hardwell et al., 2011 (UK) [18]: 1291 patients with mean (£SD) age of
52 £ 21 years were included in this study, the study showed that 85.6%
of patients using MDIs failed to use their devices appropriately, and even

78.4% had inappropriate use after inhaler technique education.

. Heidarnazhad, 2009 (Iran) [19]: 123 patients were interviewed, 41.9%
hadn’t used their inhalers regularly. In addition, most mentioned that
they were feeling no need to use medications during symptom-free
intervals, while 30.5% only were using their inhaler devices

appropriately.
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9. Adeyeye, 2008 (Nigeria) [20]: 106 patients between 13 - 64 years old
were included in the study, with 72 (67.9%) of them were using MDIs,
32 (30.2%) were using diskus and 10 (10.6%) were using nebulisers. The
study found that 47.2% were using the inhalers with good rating and
52.8% were using them with poor rating, and 34 patients had done all
steps correctly. In addition, 94.3% of the patients were not adherent with

their inhaler devices.

10. Desalu et al., 2012 (Nigeria) [21]: Another study in Nigeria was carried
out on 124 asthma patients to show their asthma control using Global
Initiative for Asthma (GINA) guidelines and the predictors associated
with uncontrolled asthma. The study showed that most patients (69.3%)
had uncontrolled asthma, 22.6% had partly controlled asthma and 8.1%
had controlled asthma. One of the predictors that was significantly and
strongly associated with uncontrolled asthma was the incorrect use of
inhaler devices (p < 0.05). Other predictors were the lack of adherence to
ICS, presence of other diseases and asthma severity, while the duration

of asthma wasn’t associated with the degree of asthma control.

11. Hilton, 1990 (Britain) [22]: the study included 422 patients, of these
262 (63 %) were using MDIs, 62 (15 %) were using rotahalers, 36 (9 %)
were using MDIs with spacer devices, 23 (5%) were using turbohalers,
26 (6%) were using diskhalers and 12 patients were using other devices.
The study showed that 25% of patients had inadequate technique and

that administration technique among patients with MDIs was worse than
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those with other devices (45%) while the turbuhaler had the best

technique (78%) among inhaler devices.

12. Molimard et al., 2003 (France) [7]: an observational study on 3811
patients was carried out. In this study, 769 aerolizers, 728 autohalers,
894 diskus, 552 MDIs, and 868 turbuhalers were used among patients.
The study showed that 76% of patients using MDIs made an error during
their use while the percentage of error in using other devices was 49 -
55%. The two most common errors were failure to exhale before
actuation (28.9%) and failure to hold breath after inhalation (28.3%),
also it reported that turbuhaler had the best technique (24%) and MDIs
had the worst (6%)

13. Melani et al., 2004 (Italy) [23]: A multicenter study which examined
inhalation technique and variables associated with misuse of MDIs and
DPIs in clinical practice over 1404 outpatients (15 - 88 years old) were
examined, 47% of them were suffering from asthma and 39% were
suffering from chronic obstructive pulmonary disease. This study found
that there was no significant difference in technique between MDIs and
DPIs, and that 24%, 3%, 17%, 23%, and 24% of patients had poor use of
MDI alone, MDI with an add-on large volume spacer (LVS), aerolizer,
turbuhaler, and diskus respectively. Results of this study suggested that
other factors besides technique should be investigated to examine
advantages and disadvantages with different inhalation device use as

treatment for asthma.
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14. Chapman et al., 2000 (Canada/ Torinto) [24]: this study concluded that
physicians should consider many factors when selecting a device for a
patient, including personal preference, patient preference, frequency of
administration, patient age, cost, convenience, likelihood of proper use

and adherence.

15. Morice et al.,, 2002 (UK) [25]: this study had examined patient
preference for asthma delivery devices. It analyzed 339 patients
including adult and pediatric patients with asthma and their acceptability
of MDIs and DPIs using a questionnaire. The study found that after 12
weeks of use, more patients found DPI easier to use (67%) compared to
MDI (22%) with a significant difference (p < 0.01), patients also found
the DPI dose counter to be useful and significantly more patients

preferred DPI (63%) to MDI (28%; p < 0.01).

16. Sheth, 2003 (India) [26]: this study evaluated patient preference as
well as correctness of technique in DPIs compared to MDI using a
randomized open-label crossover study design. In this study 59% of

patients found DPIs easier to use with 60% preferring DPIs compared

with MDI (p < 0.025).

17. Van Beerendonk et al., 1998, (Netherlands) [3]: this study was using
the same checklist we had used in our study to assess the inhalation
technique in asthma patients, 316 patients were included in the study,
only 35 patients (11.1%) had no mistakes in using their inhaler devices,

where at least 281 (88.9%) of patients made at least one mistake, and
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most of them (200 patients, 63.2%) had skill mistakes. Also patients
who were using MDIs had better inhalation technique than those who
were using DPIs. Another factor that was studied and showed a
significant difference (p < 0.011) in the inhalation technique among
patients was the age, showing that older patients made more mistakes in

the inhalation technique than younger patients.

18. Price et al., 2013 (UK) [27]: this is a review article which stated that
many patients have problems adopting the correct inhaler technique for
both MDIs and DPIs, and this leads to poor asthma control, often, it is
the very young and the elderly who had more mistakes using inhaler
devices. Also this review stated that it is important to train patients how
to use their inhaler devices by health care professional, the problem was
that only 15.69% of healthcare professionals can use inhaler devices
correctly, in addition to that patients who initially learn how to use their

inhalers properly, do not maintain this correct technique over time.

19. Lavorini et al., 2008 (Italy) [28]: This study indicated that the first most
frequent error made by patients using all types of inhaler devices in

many studies was losing the exhalation step before using their devices.

20. Cain et al., 2001 (USA) [29]: This study indicated that the mean = SD
of the correct use scores of MDI, turbuhaler and diskus devices among
pharmacists were 72.2% =+ 12.8, 61.2% + 13.4 and 49.8% + 18.6,
respectively. After giving instructions to the pharmacists about the

proper use of these inhalers, improvements in their scores were noticed

to get 89.3% + 12.8, 83.8% £ 15.8 and 88.3% + 12.4, respectively.
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Chapter Three

Methodology

3.1 Study design

This was a cross-sectional observational study conducted at a private
pulmonary clinic in Nablus, north West-Bank, Palestine. Nablus is a major
city in northern West-Bank of Palestine with approximately more than

200,000 inhabitants.
3.2 Study Sample

Sample size was calculated using Raosoft sample size calculator
(http://www.raosoft.com/samplesize.html) assuming a margin of error of
5%, a total population of patients with asthma attending the clinic during
the study period of 300 and a response rate of 50%. The estimated sample
size will be 168 patients. Convenience sampling method was used by the
researchers who visited the clinic on a daily basis from 10 am — 2 pm. Data
for this study were collected between June and August, 2012. Patients who
used inhaler devices were screened, and those who had used inhaler
devices for at least 3 months were included in the study. New patients and
those who had received education on inhaler use during the preceding three
months and patients whose age was less than 18 years old were excluded
from the study, patients using devices for any disease other than asthma

were excluded.
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3.3 Study tool

Two types of inhaler devices were included in the study: MDI and
DPI. Since spacer was not routinely used among our patient population and
the study aim was to evaluate actual practice, the effect of adding spacer to
MDI was not evaluated. The outcome of interest in this study was
inhalation technique administration. Inhalation technique was assessed by
asking participants to demonstrate how they use their inhalers with a
placebo device. All participants were asked to demonstrate use of a MDI
device or a DPI device or both depending on what they are currently using
as an inhalation device. Inhalation technique scores were assessed using
instruments adapted from validated standardized checklists specific to each
device (Appendix 1) [3, 12, 30-31]. For MDI and DPI devices, the
technique was scored on an 8-points and 7-points scale, respectively, with

higher scores indicating better technique and vice versa.

The scoring procedure was as follow: for each step in the checklist of
MDI or DPI, a score of 0 was given if the step was done incorrectly and a
score of 1 was given if the step was done correctly. To make the numbers
easier to be understood, the total score of correct and incorrect steps was
summed and converted to percentage with a total score of 100 means that
all steps were done correctly while a total score of zero means that all steps
were done incorrectly. For MDI and DPI, certain steps were considered
essential and any mistake in any of these steps was considered a critical
error in handling the device. These steps were derived from the medication

leaflet and from previous studies [2, 7, 32]. For MDI, these steps were:
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“Shake the inhaler and remove protective cap” and “Inhale slowly and
simultaneously active the canister”. While those for DPI were: “Prepare the

inhaler before usage” and “Inhale forcefully and deeply”.

3.4 Data Collection

A clinical pharmacist who was well acquainted with inhaler devices
and their proper handling performed the evaluation procedure. The training
of the clinical pharmacist on the proper technique was based on video
teaching materials as well as by the specialist at the pulmonary clinic and
the principal investigators. The clinical pharmacist observed each step of
the inhalation technique with a placebo device. To ensure subjective
scoring, a pilot study was carried out and 2 clinical pharmacists were
separately asked to assess and score the inhalation technique of a sample of
patients attending the clinic over two weeks of study. At the end of the pilot
study, the scores obtained by the 2 clinical pharmacists were compared.
Significant and strong positive correlation was obtained suggesting
appropriate and subjective scoring with minimum inter- rater variations.
Patients included in the pilot study were not included in the final study

sample.

3.4.1 Data collection form

An appropriate form, which included demographics and a checklist
of the essential steps, was completed for each device. Potential associated
factors for correct handling, including age, sex, primary diagnosis, and

level of education of the patient, were noted (Appendix 2). The study was
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explained to the patients and an informed consent was obtained. All aspects
of the study protocol, including access to and use of the patient clinical
information, were authorized by the institutional review board (IRB) and
the faculty of graduate studies before initiation of this study (Appendix

3.4).
3.4.2 Asthma Therapy Assessment Questionnaire

The scale used to assess asthma control is Asthma Therapy
Assessment Questionnaire (ATAQ): The scale contains two questions, the
first is divided into three parts (1% in the past 3 weeks did you: A. miss any
work school or normal daily activity because of your asthma? B. wake up
at night because of asthma? C. believe that your asthma was well
controlled?) , each is answered by yes, no or unsure; and the second
question ( 2™ A: do you use an inhaler for quick relief from asthma
symptoms?) is answered as yes, no or unsure also and if the answer is yes
another question 1s answered according to the number of puffs used by the
patient ( 2™ B: in the past 4 weeks what was the highest number of puffs in
one day you took off the inhaler). The score is calculated by giving 0 to
(no) answer in the first two parts of question one and to (yes) answer in the
third part; and giving 1 to (yes or unsure) answer in the first two parts of
question one and 1 to (no or unsure) answer in the third part; while giving 0
to (no or unsure) answer in the second question, or if the puffs are less than
4, and giving 1 if the highest number of puffs used during the previous

month are higher than 5 (Appendix 5). [33]
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3.4.3 Morisky adherence scale

The scale used to assess adherence to medication was Morisky
adherence scale [34-35]. The scale was used to assess adherence to DPI and
not MDI since all the MDIs used in the current study were short acting
bronchodilators. Morisky scale was used to calculate the adherence of the
asthmatic participants to their inhaler devices, it consists of 8 questions
with scoring 1 to (no) answer and 0 to (yes) answer except in the 5th
question it is 0 to (no) answer and 1 to (yes), and for the 8" question it is
calculated by dividing the value by 4. Morisky score will show us the
following results for adherence: if score < 6 (low adherence); if score 6 -

<8 (medium adherence); and if score = 8 (high adherence) (Appendix 6).
3.5 Statistical analysis

Descriptive analysis was conducted on the demographics and patient
characteristics. Mean + standard deviation (SD) was used for continuous
variables and frequency and percentage were used for categorical variables.
Correct handling among different inhaler devices was compared with One
Way ANOVA and Tuky post hoc test for multiple comparisons.
Relationship between correct scores and other factors was analyzed using
Pearson correlation for continuous or ordinal variables while Mann
Whitney U test was used for non categorical factors. Analysis was
performed with Statistical Package for Social Sciences program software

(SPSS version 20, SPSS, Chicago, Illinois).
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Chapter Four

Results

4.1 Socio-demographic characteristics

A total of 149 asthmatic patients were included in the study and were
tested for their administration technique of their inhaler devices. Table 1
shows the demographic and clinical characteristics of the participants. The
majority of the study sample was female (94; 63.1%), while male patients
were 55 (36.9%). Mean = SD of patients’ age was 47.5 + 18.5 years
(median: 47; inter-quartile range Q1 — Q3: 31 — 62; range: 18 — 90 years).
Fifty five patients (55; 36.9%) had college education or higher while 30
(20.1%) were illiterate. In addition, the mean reported duration of asthma
was 11.96 = 10.6 (median: 10; Q1 — Q3: 3 — 18) years. Most of the patients
(128; 85.9%) reported being taught how to use their inhaler devices, mostly
by physicians (106; 71.1%) or family members or other healthcare
providers such as pharmacists or nurses. Moreover, inhalers used by the
patients were salbutamol, ipratropium bromide, formoterol, budesonide/
formoterol, and budesonide alone. The most commonly used inhaler was
budesonide/ formoterol inhaler. Twenty four (24; 16.1%) reported being
current smokers. Sixty nine (69; 46.3%) of the patients reported using

different types of herbs as a complementary therapy for their asthma.
4.2 Correct handling of inhaler devices

Forty two patients (28.2%) were using MDI, 38 (25.5%) patients

were using DPI and 69 (46.3%) patients were using both DPI and MDI
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devices (Figure 1). At the end of the study period, 217 inhaler-device-
specific forms had been completed: 111 (51.2%) for MDI and 106 (48.8%)
for DPI (Figure 2). The DPI devices used were as follows: 76 (71.7%) for
turbuhalers and 30 (28.3%) for aerolizers (Figure 3). Test-retest reliability
which assesses the degree to which test scores are consistent from one test
administration to the next of MDI and DPI devices was acceptable with

Spearman rank correlation r values of 0.9 and 0.7 respectively.

For MDI devices, 4 patients (3.6%) had a complete score of 100%
while among DPI users, 7 (6.6%) patients had a complete score of 100%. A
total of 50 (45%) MDI users scored < 50% while a total of 10 (9.4%) DPI

users scored < 50% (Figure 4).

Regarding MDI devices, the percentage of correct handling
committed in each step was calculated and shown in Figure 5. Among the 8
steps in MDI administration procedure: step 3 (Exhale to residual
volume) was the least correctly done (22.5%) followed by step 6
(Continue slow and deep inhalation) 42.3%, while step 4 (Place
mouthpiece between lips and teeth) and step 2 (Hold inhaler upright)
were the most correctly performed (98.2% and 90.1% respectively).
Regarding the correct handling of DPI devices, Figure 6 shows the
percentage of correct handling committed in each step among DPI users:
step 3 (Exhale to residual volume) was the least correctly done (13.2%)

followed by step 7 (Hold breath for S seconds) 47.2%, while step 6 (Take
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the inhaler out of the mouth) and step 4 (Keep inhaler horizontal) were

the most correctly performed (100% and 98.1% respectively).

Total scores of correct handling were not normally distributed with a
Kolmogrove-Smironv test value of (p = 0.00). Therefore, non-parametric
tests were used. Figure 7 is a bar chart comparison of the total scores of
correct handling of MDI, turbuhaler and Aerolizer. The difference was
significant (Kruskal Wallis analysis: Chi-square = 7.04; p = 0.03) with
MDI devices significantly have lower total scores of correct handling than
turbuhaler (p < 0.01) and aerolizer (p = 0.008). The mean rank; medians
(Q1-Q3) for total correct scores were (mean rank: 56; median: 62.5; QI —
Q3: 50 - 75) for MDI devices, (mean rank: 38.5; median: 71.4; Q1 — Q3:
57.1 — 85.7) for turbuhaler and (mean rank: 15.5; median: 71.4; Q1 — Q3:

57.1 = 71.4) for aerolizer.

Regarding the 2 critical steps in handling MDI devices, “shaking
the inhaler and removing the protective cap” was the most frequently
committed critical error in handling the MDI. In handling DPI, “failure to
inhale forcefully and deeply” was the most frequently committed critical
error (Table 2). The two critical steps of MDI devices were both incorrectly
handled by 69/111 (62.2%) while the two critical steps of DPI devices were
both incorrectly handled by 35/106 (33%); the turbuhaler by 21/76
(27.6%), and the aerolizer by 14/30 (46.7%) users. Committing critical
errors was compared between MDI and each DPI device. MDI use was

associated with a higher frequency of critical errors, when compared with
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turbuhaler and aerolizer devices: 62.2% versus 27.6% and 46.7%
respectively (p < 0.001). No significant difference in committing critical

errors between turbuhaler and aerolizer was found (p = 0.08).

4.3 Factors associated with correct use of inhaler devices

Evaluation of total scores of correct handling of inhaler devices was
carried out to determine if nominal variables such as gender, herbal use,
current smoking cigarettes, ICS uses and number of inhaler devices used
simultaneously have significant association with correct use. The results

are summarized as the following (table 3):

1. There was no significant difference in total scores of correct handling of
inhaler devices based on gender [(male: 64.8 = 22.9; 71.4 (50 — 85.7)
versus female: 65.6 = 16.7; 71.4 (50 — 75); p = 0.76)], smoking
[smokers: 65.4 + 19.8; 67 (50 — 85.7) versus non-smokers: 65.4 + 18.1;
71.4 (50 — 75), (p = 0.992)] or herbal use [user: 62.6 + 16; 71.4 (57.1 —
71.4) versus non-user: 66.5 = 20; 71.4 (50 —85.7), (p =0.169)].

2. ICS users had higher scores of correct handling of inhaler devices
compared to non users with a significant difference [ICS users: 67.4 +
16.2; 71.4 (57.1 — 75) versus non-ICS users: 60.5 = 23.8; 62.5 (37.5 —
85.7); (p =0.014)].

3. Handling of inhaler devices was not significantly influenced by the
number of inhaler devices used by the patient [(one device: 63 + 20.7; 67
(42.9 — 72.3); two devices: 66.7 = 18.6; 71.4 (50 — 85.7); three devices:
64.1 £13.5;59.8 (57.1 = 75); p = 0.402)].
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Furthermore, the evaluation of the relationship between other
variables like age, duration of asthma and educational level was carried out
to gain further understanding of their relationship with scores of correct

handling of inhaler devices. Results showed the followings:

1. There was significant relationship between total scores of correct use and
educational level (r = 0.187, p = 0.006); where patients with higher
educational level record higher scores of correct handling for the inhaler

devices.

2. Although patients with more asthma years get higher scores of correct
handling of their devices than those with fewer asthma years, there was
no significant difference between total scores of correct use and duration

of asthma, where (r = 0.085; p=0.211).

3. There was no significant relationship between age and total scores of

correct handling of inhaler devices (r =-0.061, p = 0.372)

4.4 Association between asthma control and scores of correct use of

inhaler devices

Using ATAQ, 22 (14.8%) of patients were well controlled, 56
(37.6%) were not well controlled and 71 (47.7%) were poorly controlled.
Analysis showed that there was a significant difference in the means of
scores of correct handling of inhaler device in MDIs and turbuhalers (p =
0.01. p = 0.031 respectively) among the three categories of asthma control,

while there was no significant difference in the mean score of correct
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handling of inhaler devices in aerolizers (p = 0.8) among the three
categories of asthma control. In generl patients who were well controlled
showed the highest scores (median (Q1-Q3)) of correct handling while
those who were poorly controlled showed the lowest score of correct
handling: [scores for well controlled patients: 74.3 (67.9 — 90.9); scores for
not well controlled patients: 67 (56 — 75.8); scores for very poorly
controlled patients: 61.6 (46.8 — 74.9)]. Figure 7 shows box plot of correct

handling stratified by asthma control category.

4.5 Determination the extent of adherence to ICS and its relationship

with appropriate use of inhaler devices

There were 97 (65.1%) patients who were using ICS. The medean
(Q1-Q3) of Morisky score was 5.75 (4.75-7). There were 47 (31.5%)
patients, 35 (23.5%) patients and 15 (10.1%) patients with low,
intermediate and high adherence respectively. There was a negative
correlation between adherence score and correct handling scores (r =
0.205). However there was a significant difference between adherence
score and correct handling scores (p = 0.002) where patients with high
adherence get higher scores of correct use of inhaler devices than those

with intermediate and low adherence patients.
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Table (1): Demographic characteristics of the study sample

. Statistics
Variable N = 149
Mean + SD: 47.5 £ 18.5
Age (years) Median: 47; Q1 — Q3: 31 - 62
Range: 18 — 90 years
Gender
Male 55 (36.9%)
Female 94 (63.1%)
Level of Education
< High school 94 (63.1%)
> College 55 (36.9%)

Prior device-handling education by a
healthcare provider

Yes 128 (85.9%)
No 21 (14.1%)
Smoking
Yes 24 (16.1%)
No 125 (83.9%)
Do you use herbals o
Yes 69 (46.3%)

80 (53.7%)

Mean: 11.96 £10.6
Median: 10; Q1 — Q3:3 - 18

No

Duration of asthma disease (years)

Percentage of patients using each type
of inhaler device

MDI 42 (28.2%)

DPI 38 (25.5%)

MDI + DPI 69 (46.3%)

Types of inhaler devices used (N =217) | N=217

DPI (N =106) N =106/217 (48.8%)
Turbuhaler 76/106 (71.7%)
Aeroliozer 30/106 (28.3%)
MDI(N=111) N=111/217 (51.2%)

Adherence in patients using DPI for
chronic use (N =97)

Low adherence 47 (48.5%)
Medium adherence 35 (36.1%)
High adherence 15 (15.4%)
Asthma Control (N = 149)

Well controlled 22 (14.8%)
Not well controlled 56 (37.6%)
Poorly controlled 71 (47.7%)

Abbreviations: DPI: dry powder inhaler, Q1 — Q3: interquartile range, MDI: metered
dose inhaler, SD: standard deviation,
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Patients
N =149
| |
MDI users DPI users MDI and DPI users
N =42 (28.2%) N =38 (25.5%) N =69 (46.3%)

Figure (1): Distribution of participants stratified by type of inhaler device.

Devices
N=217
|
I I
MDI DPI
N=111(51.2%) N =106 (48.8%)
Turbuhalers Aerolizers
N =176 (71.7%) N =30 (28.3%)

Figure (2): Total number of inhaler devices tested for correct use stratified by their
type: metered dose inhaler (MDI) and dry powder inhaler (DPI); Turbuhalers and
Aerolizers.
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Figure (3-C): comparison of the total scores of correct handling of aerolizer
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Figure (4): The percentage of correct handling committed in each step among
metered dose inhaler users.
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Table (2): Percentage of incorrect handling committed in critical steps
in handling metered dose inhaler (MDI) and dry powder inhaler (DPI)
devices.

Device Critical step N (%)
Shake the inhaler and remove 62 (55.9%)
MDI protective cap
Inhale slowly and simultaneously 19 (17.1%)
active the canister
DPI Prepare the inhaler before usage 14 (13.2%)
Inhale forcefully and deeply 26 (24.5%)

Abbreviations: DPI: dry powder inhaler, MDI: metered dose inhaler

100.007 —|'
80.00 T

60.00 l

Total correct score of inhaler devices

40,00 210
o
207
173 155
150
20.00-
151
(o]
152
00 *
very poorly controlled not well controlled well controlled

Categories of asthma control

Figure (7): Total correct score of inhaler device handling stratified by level of

asthma control.
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Discussion
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Chapter five

Discussion

The main objective of this study was to assess administration
technique of inhaler devices by patients attending a private pulmonary
clinic in northern Palestine, we screened asthma patients to be more
specific in airway diseases, also patients under 18 years were excluded
because we used the ATAQ of adults (over 18 years) to measure asthma
control, since our study cares about how the patient will use the device
after a period since the first time he took an education about how to use it,
and this is what was done in many previous studies worldwide [2, 11], we
tend to exclude those patients who had learned how to use their devices in

the previous three months.

The results of this study indicated that correct handling of inhaler
devices is uncommon among the study patients. Furthermore, MDI devices
had significantly lower scores of correct handling compared to DPI
devices. Correct handling of inhaler device was significantly related with

educational level and ICS use.

Low scores of correct handling of inhaler devices reported in this
study are consistent with results published previously [7, 36]. A potential
explanation of these low scores of correct handling of inhaler devices is the
possibility that treating physicians may not spend enough time with their
patients to teach them the proper use of the inhaler device. Furthermore, it
is possible that the education techniques demonstrated by the healthcare

providers are done without an actual inhaler or demonstration device.
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Unfortunately, published reports indicated that health care providers
themselves might not be acquainted with proper device handling [37-39].
In a study of medical interns, only 5% were found to be able to correctly
use an MDI device [40].The same study showed that a substantial increase
in correct use occurred after one training session [40]. In a systematic
review of educational programs for self-management of asthma in children
and adolescents, education was associated with improved lung function,
reduced school absenteeism, decreased numbers of days with restricted
activities and fewer visits to emergency departments [41]. Other potential
reasons for inhaler errors include the device itself, patients’ beliefs and
adherence. Patients who believe using their inhaler is an important part of
their asthma management demonstrate higher levels of correct inhaler use
[42]. Another important factor to consider is patient preference for inhalers.
Evidence indicates that patients do express preference for particular inhaler
devices and that this is associated with increased ease of teaching the
patient how to use the inhaler as well as increased likelihood of correct use
[32, 43]. The low scores of correct handling of inhaler devices might
indicate that patients are not getting the maximal therapeutic benefit from
inhaler therapy. It has been reported that inadequate inhaler instruction and

poor inhaler technique are major causes of poor disease control [2, 44-47].

Previous studies examining type of device and inhaler technique in
real-life settings have had mixed results [2, 7, 22-23, 48]. Some previous
studies have shown no difference in technique between various device

types [23, 48]. However, some other studies showed that MDI users had
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worse techniques than users of other delivery devices [2, 7, 22]. In a review
of 21 studies looking at misuse of metered dose inhalers, poor technique
was estimated to be prevalent in 14 - 90% (with an average of 50%) of

cases [36].

Although the majority of the patients in our study claimed that they
have been taught the proper use of the inhaler device, either by physicians,
health care professionals, parents and family members or others, yet the
prevalence of correct handling was low in many steps of either MDI or
DPIs. Actually, most of the patients have been taught the proper use of
inhaler device through demonstration which seems an ineffective procedure
compared to practical and training methods. A study by Madueno Caro et
al. (2000) showed that practical experience concerning inhalation systems
is much better than theoretical knowledge [49]. Another study showed that
patients who learned the use of inhalers by demonstration had a lower
mean score of correct inhaler technique compared by those who learn how

to use inhalers by leaflets [16].

The majority of patients in this study claimed that they were taught
by physicians (71.1%) while just about 12% claimed that they were taught
how to use the inhaler by dispensing pharmacists. Pharmacists should get
more involved in patient counseling. Pharmacists can play a significant role
in patient education and counseling of inhaler devices if they are well
trained to do that. A study has demonstrated that a single instructional

session can dramatically improve a community pharmacist’s ability to
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demonstrate the correct method of actuation [29]. Primary care physicians
may rely on the community pharmacist to educate patients in the proper use
of medications. This includes the correct actuation sequence for inhaler

devices.

The MDI is still the most frequently prescribed inhaler device
worldwide despite the fact that most patients cannot use it correctly [32].
This is because MDIs require good coordination of patient inspiration and
inhaler activation to ensure correct inhalation and deposition of drug in the
lung. Patients frequently fail to continuously inhale slowly after activation
of the inhaler and exhale fully before the inhalation [50]. In addition,
patients often activate the inhaler before inhalation or at the end of
inhalation and conclude inhaler activation while breath-holding [50]. A
study of MDI use in a group of 115 asthmatics showed that 72% of patients
who received no instruction were unable to use their MDI correctly
compared with 48% after physician training. Another study carried out in
207 patients revealed that almost half of these patients (47%) used their

MDI inadequately, women more frequently than men [51].

This study indicated that correct handling of inhaler devices was
significantly lower with MDI compared to DPI. Several reasons could
explain this finding. MDI device is inherently more difficult to use and
needs proper coordination, regardless of the quality of the inhaler technique
education the patient has received [7]. In the current study the most

frequent critical error in handling the MDI was the inability to
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simultaneously trigger the device and inhale slowly and deeply. Adding a
spacer to the MDI helps to eliminate poor hand-lung coordination [52].
However the effect of a spacer was not evaluated in this study because the

spacer was not commonly used among our patients.

Educational level was significantly correlated with scores of correct
handling. This finding is in agreement with those reported by a study
published in Saudi Arabia [16]. Results shows also that age and duration of
asthma disease were not significantly correlated with scores of correct
handling. This might suggest that patients from all age groups are trying to
be careful to use the device in the correct way. Furthermore, this finding
might suggest that the severity of the illness rather than the duration is the
detrimental factor for correct use of the device. This finding is in agreement
with Saudi study which did not find significant differences in the mean
correct score between various age categories [16]. Our results contradict
that of Allen, 2002 who showed that elderly patients are unable to use MDI
simply because of cognitive impairment [53]. Regarding smoking, we
found no significant difference in correct handling of the device between
smokers and non-smokers. This result is different than that reported by

other studies.

Simultaneous use of various inhaler devices was not significantly
associated with the score of correct handling. It appears that using more
than one device simultaneously makes it confusing and more difficult to
handle each device correctly as Hassan et al reported that patients who

were using more devices get lower scores of correct handling, his finding is
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in disagreement with ours while Khasawaneh reported results similar to

what we find [2, 16].

Some studies showed that DPI devices were better handled than MDI
devices among patients, and there were differences in the handling of the
various DPI devices [7]. These results were different from those reported in
other controlled trials [48]. Some of these recent studies suggest that when
salbutamol 1s given via the Turbuhaler, only half the dose is required
compared with drug given by the MDI [54]. Although more recent studies
showed no differences between the doses in the two devices [48]. With the
conventional MDI, inefficient inhaler use is a common problem with many
patients unable to co-ordinate actuation of the device with inhalation.
Surveys suggest that MDI are badly used by 14-90% of patients [7] . This
in turn, can result in poor drug delivery, decreased disease control and
increased inhaler use. This problem obviously has cost implications, both
in terms of medication, visits to the specialist, and hospital admissions [7,

32].
Limitations
Our study has some limitations that need to be mentioned.

1. The relatively small sample size which also limited the type of inhaler

devices studied.

2. Furthermore, the study was carried out at one clinic and therefore the
study does not represent patients from Palestine although it represents

patients from a major district in Palestine
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Conclusions and Recommendations

1. In actual pulmonary clinical practice the majority of patients were unable
to use MDI correctly, whereas correct handling of DPI devices was

acceptable.

2. Regular checking of inhalation technique and proper teaching by health

care providers are crucial for optimum use of most inhaler devices.

3. Most of the patients in this study get their education about how to use
their inhalers from the physician, and low scores of correct use were got,
it is recommended to increase the role of the pharmacist as the

medication expert in educating the patients how to use their inhalers.

3. Further and larger studies that correlate proper handling of inhalers in

real practice with clinical efficacy and disease control are needed.
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Appendices

Appendix (1) [12]: Checklists Used to Assess Inhaler Technique

Checklists Used to Assess Inhaler Technique

Metered Dose Inhaler

Dry Powder Inhaler

1. Shake the inhaler and remove
protective cap

1. Prepare the inhaler before
usage

2. Hold inhaler upright

2. Keep inhaler horizontal

3. Exhale to residual volume

3. Exhale to residual volume

4. Place mouthpiece between lips
and teeth

4. Place mouthpiece between lips
and teeth

S. Inhale slowly and
simultaneously active the canister

5. Inhale forcefully and deeply

6. Continue slow and deep
inhalation

6. Take the inhaler out of the
mouth

7. Hold breath for 5-10 seconds

7. Hold breath for 5 seconds

8. Take inhaler out of mouth and
hold breath for 5-10 seconds
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Appendix (2): Data collection form
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Appendix (3): informed consent form
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Appendix (4): IRB approval
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Appendix (5): Asthma therapy assessment questionnaire [33]
A. The tool questions and how the score is calculated are as
follows:
1. In the past 4 weeks, did you:
a. Miss any work, school, or normal daily activity because of your asthma?
Yes (1) No (0) Unsure (1)
b. Wake up at night because of asthma?
Yes (1) No (0) Unsure (1)
c. Believe that your asthma was well controlled?
Yes (0) No (1) Unsure (1)
2. Do you use an inhaler for quick relief from asthma symptoms?
Yes No Unsure

If yes, in the past 4 weeks, what was the highest number of puffs in 1 day
you took of the inhaler?

0 (0) 1 to 4 puffs (0) 5 to 8 puffs (1)
9 to 12 puffs (1) More than 12 puffs (1)

The score for this scale was calculated both manually and using the

electronic calculator on the web site

http://www.asthmacontrolcheck.com/asthma_control/asthmacontrolc

heck/consumer/index.jsp.

B. The results of the scale will be as shown in table 2.

Extent of Well Not Well Very Poorly
asthma control Controlled Controlled Controlled

ATAQ score 0 1-2 3-4
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Appendix (6): Morisky scale [35]
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