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ABSTRACT

Introduction: Inhalers are recommended for asthma prophylactic and crisis
therapy. In order to have a good deposition of drugs at pulmonary tissue,
the correct use of the devices is necessary.

Objective: To verify the inhaler use technique with pressurized metered-dose
inhalers (pMDIs) with spacers and dry-powder inhalers (DPIs) in a pediatric
sample (ages between 1 and 17 years old).

Material and Methods: Descriptive, observational and cross-sectional study.
Application of a checklist that included the steps of the correct inhaler use
technique, which was performed under physician observation, and other
questions related to the use of the devices.

Results: We observed a total of 83 inhaler use techniques: 46 pMDIs with
spacers and 37 DPIs. About 54% of pMDIs with spacers users and 27% of
DPIs users performed the inhaler use technique correctly, p=0.012. The most
frequent mistakes in pMDIs with spacers users were: 50% didn’'t waste the
first puff, 17.4% didn’t shake the device prior to use and 28.3% didn’t wait
between inhalations. The mistakes observed in DPIs users were: 43.2% didn’t
perform a forced expiration before inhaler use, 13.5% didn't start with a
forced inspiration, 24.3% didn’t pause at the end of inspiration, 32.4% didn’t
exhale slowly and 35.1% didn "t wait between inhalations.

Conclusion: Multiple mistakes were observed even in the users who had
been followed up for several years. The most frequent mistakes occurred in
DPIs users. Thus, the inhaler use technique must always be observed by the
physician in all appointments, especially in users of DPIs in which the correct
use depends on their autonomy.
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ABBREVIATIONS:

DPIs: Dry-powder inhalers;
Fig: Figure; IQR: Interquartile
range: pMDIs: Pressurized
metered-dose inhalers.

Introduction

Asthma is the most common chronic disease of
childhood and is characterized by a chronic airway
inflammation.! It's a global health problem and
its prevalence is increasing.! Treatment goals are
to achieve symptoms control, maintain normal
activity levels and minimize risk of exacerbations or
sequelae.! Inhalation is the recommended route for
both exacerbations and prophylactic therapy.? There is
a wide variety of devices available on the market with
different inhaler use technique.? The selection of the
right inhaler must take into consideration the age of the
child, inspiratory capacity and collaborative ability.# It
is very important that inhaled particles deposit in the
lungs, and the only way to achieve it is with a correct
inhaler use technique.> The correct use of devices is
associated with the control of asthma.2#® The incorrect
use is associated with exacerbations, more use of
systemic corticosteroids, more visits to the hospital,
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absences from school, reduction and limitation of
sports activities.>

The aims of this study were to characterize and verify
the inhaler use technique with pressurized metered-
dose inhalers (pMDIs) with spacers and dry-powder
inhalers (DPIs).

Methods & Materials

Descriptive, observational and cross-sectional study.
We included all children (between 1 and 17 years
old) who used inhaled therapy and were followed
up in a pediatric appointment of our hospital, after
their caregivers’ consent. The duration period of the
study was 2 months (October and November 2018).
We observed the inhaler use technique using sample
devices during pediatric consultation. We used a
checklist, literature-based>sup>3,4, to verify if all
steps were correctly performed. To define a correct
technique, we considered all the steps listed in table
1 and 3, except the waste of the first puff in pMDIs.
Afterwards we made additional questions to the child
and caregiver about issues related to the use of
pMDIs with spacers and DPIs. The statistical analysis
performed, using SPSS 22®, was descriptive and
bivariate, we used Chi-square and Fisher’s exact test
(a = 0.05).
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Results

We observed 83 inhaler use techniques from 81
inhaler device users (two of them used both the
devices). The median age of the total sample was
8 years [Interquartile range (IQR) 8], 67.5% were
male. Pressurized metered-dose inhalers (pMDIs)
with spacers were used by 46 (55%) and dry-powder
inhalers (DPIs) by 37 (45%). A correct inhaler use
technique was performed by 35 (42.2%): 25 (54.3%)
of pMDIs with spacer users and 10 (27%) of PDIs users,
p=0.012 test (chi-square test).

Pressurized metered-dose inhalers with spacers (h=46)

Median age was 6 years (IQR 4) and 63% were male.
Median age of first exacerbation was 1 year (IQR 1.5).
Regarding other comorbidities: 15% had allergic rhinitis
and 11% eczema. 41.3% had a family member with
asthma of which 63.2% used pMDIs with spacer. Median
of the time since the first appointment was 2 years (IQR
2.25). All of these children used salbutamol in crisis and
93.5% were on prophylactic therapy (82.6% inhaled
corticoid, 21.7% antileukotriene and 6.5% long-acting
beta-agonists and corticoid ).

54.3% performed a correct inhaler use technique of
pMDIs with spacer users (Figure. 1): 55% of the group
who had a follow-up period <2 years versus 53.8% of
the group with a follow-up period >2 years, p=0.938
(chi-square test); 47.4% of the group who had relatives
with asthma versus 59.3% of the group which had no
relatives with asthma, p=0.425 (chi-square test).

Table 1 represent the results from the observation of
inhaler use technique. All of them (100%) removed
the cover, placed pMDIs and mask correctly, with the
child awake. Other three steps had a percentage higher
than 90%: child was standing or sitting in 97.8%,
breathed slowly and deeply in 95%, inhalation duration
of 10 seconds in 95.7%. Three steps had a percentage
lower than 90%: they shook the pMDIs in 82.6%, they
wasted one puff into the “air” (in the first use or when
they didn’t use the pMDIs for a long time) in 50% and
they waited 30-60 seconds for the next inhalation
in 71.1%. Regarding the comparison between those
whose follow-up was less than two years or 2 years or
more and those who had or not relatives with asthma,
there was no statistically significant difference.

Table 2 represent the results from questions made
to caregivers. All of them (100%) store the pMDIs
correctly and 95.7% confirmed the expiration date.
As for cleaning: 34.8% washed the spacer correctly
and at the right frequency and 30.4% cleaned the
mask after each use. Regarding the use of inhaled
corticosteroids: 75.6% used bronchodilator before
inhaled corticosteroids in crises and 87.8% rinsed the
mouth and washed face after inhaled corticosteroids.
About 76.1% took pMDIs to nursery/school in crises.
Concerning the comparison between those whose
follow-up was less than two years or 2 years or more
and those who had relatives or not with asthma, there
was no statistically significant difference.

Table 1. Results from the observation of inhaler use technique of pressurized metered-dose inhalers with spacers.

Follow-up time

Family member with asthma

Total i i-
(n=46) <2years >2 years I(::ir;hzcrq’:are/ Yes No gig'hzg,‘;are/
(n=20) (n=26) exact test (n=19) (n=27) exact test
Shake the pMDIs 82.6% 80% 84.6% p=0.713f 84.2% 81.5% p=1.000f
Remove the cover 100% 100% 100% NA 100% 100% NA
First use/didn’t use it
for a long time, take an 50% 60% 42.3% p=0.234 47.4% 51.9% p=9.765
inhalation into the “air”
gt‘t':gg's standing or 97.8%  100%  96.2%  NA 94.7%  100%  NA
Child is awake 100% 100% 100% NA 100% 100% NA
Place pMDIs correctly 100% 100% 100% NA 100% 100% NA
Put the mask correctly 100% 100% 100% NA 100% 100% NA
Breathe slowly and
deeply (older child) 95% 100% 92% NA 94.4% 95.5% p=1.000f
(n=40)
Duration 10 seconds 95.7% 95% 96.2% p=1.000f 94.7% 96.3% p=1.000f
Wait 30-60 seconds for 4 5o, g0y 76.9%  p=0.373 63.2% 77.8% p=0.278

the next inhalation

Legend: f - fisher’s exact test, NA — non applicable, pMDIs - pressurized metered-dose inhalers.
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Table 2. Other questions made to the group that used pressurized metered-dose inhalers with spacers.

Follow-up time

Family member with asthma

Total

(n=46) <2years >2years gir;lr;:?gare/ Yes No (I—Eizll';zg’l;are/

(n=20)  (N=26) o acttest ("=19) (N=27)  oyact test
Clean the mask after each use 30.4% 30% 30.8% p=0.955 21.1% 37% p=0.246
xqvﬁirt'htrc'ﬁrsrzxsr 2/3timesa 3400  459% 26.9%  p=0.202  31.6% 37%  p=0.702
S&”Dﬁfsms the expiration date of o5 70, 959,  96.2% p=1.000' 89.5% 100%  NA
Store the t‘éi‘q’;f:r;rt‘uar Jvplace 4009  100%  100%  NA 100%  100%  NA
In crises, uses bronchodilators
before inhaled corticosteroids 75.6% 89.5% 63.6% p=0.075 76.5% 75% p=1.000f
(n=41)
After inhaled corticosteroids
rinses the mouth and washes 87.8% 89.5% 86.4% p=1.000f 82.4% 91.7% p=0.633f
face (n=41)
i?ﬁ@iﬁig.take PMDIs to nurs= 26 100 80% 72.1%  p=0.732"  78.9% 74.1% p=1.000'

Legend: f - fisher’s exact test, NA — non applicable, pMDIs - pressurized metered-dose inhalers.

Figure 1. inhaler use technique in pressurized metered-dose inhalers with spacers users

No relatives with asthma (n=27)
Relatives with asthama (n=19)
Follow-up period =2 years (n=26)
Follow-up period <2 years (n=20)
Total (n=46)

M Correct technique

Dry-powder inhalers (n=37)

Median age was 13 years (IQR 2.5) and 73% were
male. Median age of first crisis was 3 years (IQR 5.5).
Regarding other comorbidities: 29.7% had allergic
rhinitis and 5.4% eczema. 35.1% had a family member
with asthma and all of them used DPIs. Median of the
time since the first appointment was 5 years (IQR 4). In
crises, 89.2% used salbutamol and 10.8% terbutaline.
Concerning the device, 75.7% used novolizer®, 13.5%
pMDIs (5.4% with spacer) and 10.8% turbohaler®. All
of them were on prophylactic therapy (40.5% long-
acting beta-agonists and corticoid, 37.8% inhaled
corticoid and 24.3% antileukotriene). As for the device
55.2% used diskus®, 27.6% turbohaler®, 13.8%
pMDIs and 3.4% aerolizer®.

Performed a correct inhaler use technique 27% of DPIs
users (Figure. 2): 36.8% of the group who had a follow-
up period <2 years versus 16.7% of the group who had
a follow-up period >2 years, p=0.269 (fisher’s exact
test); 23.1% of the group had relatives with asthma

M Incorrect technique

versus 29.2% of the group who had no relatives with
asthma, p=1.000 (fisher's exact test).

Table 3 represent the results from the observation
of inhaler use technique. All of them (100%) placed
the device correctly, while the child was standing or
sitting. Of all steps considered, other two steps had a
percentage higher than 90%: they prepared the dose in
94.6% and placed the mouthpiece correctly in 97.3%.
All the other steps were performed in under 90% of the
cases: 56.8% performed a forced expiration, 86.5%
inhaled deeply and quickly, 75.5% did the inspiratory
pause, 67.6% expired slowly afterwards, 64.9% waited
30-60 seconds for the next inhalation. Regarding the
comparison between the 2 groups of follow-ups and
those who had or not relatives with asthma, there was
no statistically significant difference.

Table 4 represent the results from questions that we
made to the child and caregivers. All of them (100%)
store the DPIs correctly. Concerning expiration date,
in 21.8% was checked by the owner and in 86.2%
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by the caregiver. On the subject of number of doses,
in 78.4% was confirmed by the owner and in 100%
by the caregiver. About cleaning, 37.8% cleaned
the mouthpiece after each use. If they used inhaled
corticosteroids: 71.4% used bronchodilator before
inhaled corticosteroids in crises and 55.2% rinsed the
mouth and washed face after inhaled corticosteroids.
About 56.8% took DPIs to school and 66.7% to sports

activities. There was statistically significance difference
between those who cleaned their mouth after inhaled
corticosteroid and the follow-up period: 33.3% were
followed-up for less than two years and 70.6% for 2
years or more (p=0.047). The other results comparing
the 2 groups of follow-ups and those who had or not
relatives with asthma had no statistically significant
difference.

Table 3. Results from the observation of inhaler use technique of dry-powder inhalers.

Follow-up time

Family member with asthma

Total

(n=37) <2years >2years C_hl—sq,uare/ Yes No C_hl—sq’uare/
(n=19)  (n=18) Fisher’s (n=13) (n=24) Fisher’s

exact test exact test

Prepare the dose 94.6% 100% 88.9% NA 84.6% 100% NA

Place the device correctly 100% 100% 100% NA 100% 100% NA

Child is standing or sitting 100% 100% 100% NA 100% 100% NA

Performs a forced expiration 56.8% 52.6% 61.1% p=0.603 61.5% 54.2% p=0.666

Place the mouthpiece correctly o o o o o

(between the teeth) 97.3% 100% 94.4% NA 62.3% 100% NA

Inhale deeply and quickly 86.5% 94.7% 77.8% p=0.180f 84.6% 87.5% p=1.000f

Inspiratory pause of 5-10 75.7%  78.9%  72.2%  p=0.714' 84.6% 70.8% p=0.446'

seconds

Afterwards slowly expires 67.6% 68.4%  66.7% p=0.909 76.9% 62.5% p=0.476f

Wait 30-60 seconds for the ¢4 g9 57905  72.2% p=0.362  69.2% 62.5% p=0.734"

next inhalation

Legend: f - fisher’s exact test, NA - non applicable.

Table 4. Other questions made to the group that used dry-powder inhalers.

Follow-up time

Family member with asthma

Total

(n=37) <2years >2years C_h|—sq,uare/ Yes No C.h|—sqluare/
(n=19) (n=18) Fisher’s (n=13) (n=24) Fisher’s

exact test exact test

g;ecahnutshee mouthpiece after 37 g0 4219  33.3%  p=0.582  23.1% 45.8% p=0.288"

gfoB':,rIrS“f g\:fnexf"rat'on date  >16%  26.3%  16.7%  p=0.693" 15.4% 25%  p=0.685'

ngfF‘,TS"f tcr;ereegxh‘jgft('r?: ng"")te 86.2%  71.4%  100%  NA 81.8% 88.9% p=0.622'

gcf)\segg _tngrr‘]“mber of existing ;5 40,  88.9%  72.2%  p=0.402' 69.2% 87% p=0.225f

Check the number of existing o o o o o

doses  caregiver (n=8) 100% 100% 100% NA 100%  100%  NA

Store the device in a dry o o o o o

Slate at @ mild temperature  100% 100% 100% NA 100%  100%  NA

In crises uses bronchodilators

before inhaled corticosteroids 71.4%% 80% 66.7% p=1.000f 66.7% 75% p=1.000f

(n=14)

ﬁﬁtseer;”tEZ'ﬁ?oE‘ELt'fﬁitfé?'ds 55.2%  33.3%  70.6%  p=0.047  72.7% 44.4% p=0.249f

Take bronchodilator to school 56.8% 63.2% 50% p=0.419 61.5% 54.2% p=0.666

Take bronchodilator to sports ¢ 7o, 64,79  68.8%  p=0.805 69.2% 65%  p=1.000"

activity (n=33)

Legend: DPIs - dry-powder inhalers, f - fisher’s exact test, NA — non applicable.
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Figure 2. Inhaler use technique in dry-powder inhalers users

No relatives with asthma (n=24)
Relatives with asthma (n=13)
Follow-up period =2 years (n=18)
Follow-up period <2 years (n=19)
Total (n=37)

B Correct Technique

Discussion

In our study just over half (54.3%) of pMDIs with
spacer and less than a third (27%) of DPIs users
performed a correct inhaler use technique with
statistically significant difference. In several studies
with children the percentage of correct inhaler use
technique was: 47.1%-68.1% in pMDIs with spacers
and 29%-34.6% in DPIs, therefore our study presented
similar results.®”# We assumed that the better results
in children who used pMDIs with spacers rather than
DPIs, were probably because the technique is simpler,
done by the caregivers and doesn’t need a forced
expiration, deep and quick inspiration and an inspiratory
pause. We consider that the percentage that correctly
performs the technique in both type of devices is low.

The most frequent errors described in literature for
pMDIs with spacers users were:

- Not shaking the pMDIs (21%-43.8%).58°

- Not breathing slowly (68.8%).°

- Inhalation duration under 10 seconds (24.4%-34%).5°
- Not waiting 30 seconds between inhalations (25.5-
72.2%).7°

In our study the most frequent mistake in pMDIs with
spacers users not wasting a puff into the “air” in the
first use or if not used for a long time (50%), and not
waiting 30 seconds between inhalations (28.3%). This
last result was similar to other studies. Other frequent
mistakes described in literature were less frequent
in our sample: not shaking the pMDIs 17.4%, not
breathing slowly 5% and inhalation duration under 10
seconds 4.3%.

The most frequent errors described in literature for
DPIs users were:

- Not performing the first expiration (51.9%).6

- Not performing a deep inspiration (24-51%).810

- Not performing an inspiratory pause (32.6%-
54.3%).6:10

The most frequent mistakes in DPIs users found in our
study were not performing the first expiration correctly
43.2%, not performing an inspiratory pause 24.3%, not
expiring slowly afterwards 32.4% and not waiting 30
seconds between inhalations 35.1%. The first two in a
slightly lower percentage than verified in other studies;
the last two were not evaluated in the other studies.
Only 13.5% didn 't do a deep and quick inspiration, a
better result than found in literature.

Incorrect Technique

Factors which may affect correct technique, in
others studies, were younger patients, male gender,
using an inhaler for more than a year, being taught
by a trained technician, training and checking the
technique repeatedly and the level of education of the
caregivers.®7810 In our study we evaluated if correct
technique was associated with follow-up period and
family members with asthma but these showed no
statically significant difference. Some studies have been
made about using videos to teach inhaler use technique
to children, with promising results.!t12

Regarding the additional questions, only about one
third washed the spacer correctly and at the right
frequency (34.8%), cleaned the mask of spacer
(30.4%) and cleaned the mouthpiece of DPIs after
each use (37.8%). One study demonstrated that 46.7%
cleaned spacers after each use.!3 Other study verified
that 63% cleaned the spacer more than four times in
a month.14 Therefore, in our study, device cleaning
percentages were lower, probably because it is a topic
less frequently addressed in the appointment. This is
a point to improve in our appointment, we must teach
how to properly sanitize the devices, as well as check
if they are damaged. In our study we didn't ask how
long they had the spacer or how often they replaced
it. In DPIs users, despite being older and autonomous,
less than a fifth checked by themselves the expiry date.
We should also empower adolescents in order to make
them more responsible for managing their disease.

Conclusion

Multiple mistakes were made, even in users who had
been followed up for several years. In DPIs users there
was a higher percentage of mistakes. Some other
mistakes were detected like not cleaning the device
properly, not using bronchodilators before inhaled
corticosteroids in crisis, not rinsing mouth after inhaled
corticosteroids and not taking bronchodilators to school
in crisis. Thus, the inhaler use technique must always
be observed by the physician in all appointments,
especially in DPIs users in which the correct use
depends on their autonomy. Such observation will
provide opportunity to physician to correct errors in
inhaler in every appointment.
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