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Background: Poor inhalation techniques are associated with decreased medication delivery
and poor disease control in chronic obstructive pulmonary disease (COPD). The purpose of this
study was to evaluate techniques for using inhaler devices in COPD patients.

Methods: A prospective cross-sectional study was conducted to assess patient compliance
with correct techniques for using inhaler devices across four regimens, ie, the pressurized
metered-dose inhaler (pMDI), the pMDI with a spacer, the Accuhaler®, and the Handihaler®.
The percentage of compliance with essential steps of correct device usage for each regimen
was recorded without prior notification when COPD patients presented for a routine visit, and 1
month after receiving face-to-face training. We compared the percentage of compliance between
the devices and risk factors related to incorrect techniques using logistic regression analysis.
Percentage of patient compliance with correct techniques was compared between the two visits
using the chi-square test. Statistical significance was set at P<<0.05.

Results: A total of 103 COPD patients (mean age 71.2+9.2 years, males 64.1%, low educa-
tion level 82.5%, and percent predicted forced expiratory volume in 1 second 51.91+22.5)
were evaluated. Seventy-seven patients (74.8%) performed at least one step incorrectly.
Patients using the Handihaler had the lowest compliance failure (42.5%), and the odds ratio
for failure with the other devices compared with the Handihaler were 4.6 (95% confidence
interval [CI] 1.8-11.8) for the pMDI, 3.1 (95% CI 1.2-8.2) for the pMDI with a spacer, and
2.4 (95% CI 1.1-5.2) for the Accuhaler. Low education level was the single most important
factor related to incorrect technique (adjusted odds ratio 4.1, 95% CI 1.2-13.4, P=0.022).
Formal training resulted in a statistically significant decrease in percentage of incorrect
techniques for all devices and for the pMDI (59.4% vs 48.6%, P<<0.001; 72.4% vs 48.3%,
P=0.039, respectively).

Conclusion: Inhalation technique in COPD patients without face-to-face training was mostly
unsatisfactory, especially in patients with low education levels. The Handihaler was the inhaler
device associated with the lowest technique failure. Face-to-face inhalation technique training
significantly increased technique compliance for the pMDI.

Keywords: chronic obstructive pulmonary disease, inhalation, technique, compliance

Introduction
Inhaler devices are a mainstay in the management of chronic obstructive pulmo-
nary disease (COPD), and their proper usage requires continuous training.'? Device
selection should be based on availability, cost, patient and physician preference, and
clinical setting.>* Many inhaler devices have been developed, and each has specific
instructions for usage to ensure suitable drug dose delivery to the airways. Although a
number of different devices have enabled technological improvements in airway drug
delivery, important limitations still remain.’ Poor inhalation techniques are associated
with decreased medication delivery and poor disease control.®

The correct use of inhaler devices is one of the most important aspects to be taken
into account when evaluating the progress of disease treatment among individuals with
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COPD, and guidelines emphasize the importance of assess-
ing inhalation technique to improve the efficiency of drug
delivery.! Errors in the use of such inhaler devices have also
been reported in earlier studies.”® In several previous studies,
incorrect technique was reported in up to 94% of patients.”'*
Patient-related determinants such as sex,'* age,'*1*" educa-
tion level,'* and severity of obstruction'*!” were associated
with incorrect technique. The type of inhaler device is also
an important determinant of incorrect technique.!420-2!

Therefore, it is necessary on the part of the physicians,
nurses, and other health care providers, to understand the
issues related to performance and correct use of these
inhaler devices, and also to understand the difficulties faced
by patients while using them. In Thailand, lack of data in
this regard makes the situation more difficult to address.
The objective of this study was to evaluate and analyze
inhalation techniques in COPD patients using common
devices.

Materials and methods

A prospective cross-sectional study was conducted in the
outpatient chest clinic at Chiang Mai University Hospital,
Chiang Mai, Thailand, from March 2013 to February 2014.
We assessed the commonly used controller devices avail-
able in Thailand, ie, the pressurized metered-dose inhaler
(pMDI), the pMDI with a volumatic spacer, the Accuhaler®,
and the Handihaler®. Stable COPD patients previously
diagnosed in accordance with the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria' and
who had been using one of the four types of inhaler devices
longer than 3 months prior to the study were screened for
enrollment. Inclusion criteria also included: COPD patients
who received verbal instructions on the correct inhalation
techniques for their particular inhaler device for more than
3 months only from their pharmacists. Exclusion criteria
included: use of other kinds of inhaler devices; receiving
a face-to-face training program on inhalation technique
from our COPD clinic; and acute exacerbation or hospi-
talization within the previous 6 weeks. Enrolled patients
were assessed for inhalation technique compliance at their
routine medical (pre-training) visits by a qualified respira-
tory nurse without prior notification. This assessment was
performed in an infirmary room before the meeting with a
physician. The use of each inhaler device was evaluated in
a practical manner by asking patients to demonstrate their
inhalation technique using their prescribed devices contain-
ing placebo medications. They were asked to say each step
as they were performing it, so that all of the steps could
be clearly observed. We developed a checklist measuring

essential steps required for adequate drug delivery for each
device based on the instructions provided by the manufac-
turer and from previous studies.'*??> The number of required
steps varied from five to seven. When one or more errors
were made regarding these essential steps, we considered
it unlikely that a significant amount of medicine would be
inhaled. In these cases, inhalation technique was defined
as incorrect. The respiratory nurse observed each step of
the inhalation technique and recorded each incorrect step.
After the assessment, patients were given instructions,
face-to-face demonstrations regarding the correct use of
the controller devices, and training until they could use the
devices correctly. One month later (post-training visit), all
patients were requested to demonstrate their inhalation
techniques and were reevaluated by the same nurse.

All subjects underwent spirometry in accordance with the
guidelines of the American Thoracic Society and the Euro-
pean Respiratory Society? for measuring forced expiratory
volume in 1 second (FEV ), forced vital capacity, and ratio
of FEV, to forced vital capacity unless their medical records
contained documented results of spirometry within the past
6 months. The Thai version of the COPD Assessment Test
(CAT),** was administered to all subjects at the enrollment
visit, and their modified Medical Research Council® dysp-
nea scores were recorded. The numbers and types of inhaler
controller devices were also recorded. Any exacerbation
within the previous year was also noted. Exacerbation was
defined as a worsening of two or more major symptoms for
2 or more consecutive days as determined by a physician
(dyspnea, sputum volume, sputum purulence), and requiring
treatment with either systemic corticosteroids or antibiotics,
or combinations of the two as necessary.'

Patients were evaluated for potential factors associated
with incorrect inhalation technique including age, sex, sever-
ity of disease classified by GOLD, dyspnea assessed by modi-
fied Medical Research Council score, quality of life assessed
by CAT questionnaire, level of education (primary school,
secondary school, or higher), use of multiple devices, and
whether treatment by a pulmonologist had been provided in
the previous 2 years. This study was approved by the research
ethics committee at the Faculty of Medicine, Chiang Mai
University. A written informed consent was obtained from
each patient before the study.

Statistical analysis

Data are presented as the mean * standard deviation unless
stated otherwise. Handling errors per device were defined
as the percentage of subjects who incorrectly performed
each step. The relationship between type of device and
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incorrect inhalation technique was analyzed using mul-
tivariable logistic regression. The potential risk factors
for an incorrect inhalation technique from univariable
logistic regression analysis with a P-value <0.25 were
further analyzed using logistic multivariable analysis.?
The results are displayed as odds ratios together with 95%
confidence intervals. Comparison percentages of incorrect
inhalation technique between pre-training and post-training
visits within groups were analyzed using the chi-square
test. Statistical significance was accepted at P<<0.05. All
analyses were carried out using Statistical Package for the
Social Sciences version 16 software for Windows (SPSS
Inc, Chicago, IL, USA).

Results
A total of 103 COPD patients performing a total of 200
inhalation demonstrations were included in the study. Patient
demographics and clinical characteristics are presented in
Table 1. The patients were elderly (mean age 71.249.2
years), predominantly male (64.1%), with moderate-to-
severe COPD (51.9%%22.5% predicted FEV ), and approxi-
mately 70% were using multiple types of inhaler devices.
Most of them had a low education level (primary school),
and slightly more than half of them have been receiving
treatment by a pulmonologist at our chest clinic in the past
2 years.

Accuhalerusers (n=83, 41.5%) were the highest among the
enrolled population followed by pMDI users (n=44, 22.0%),

Table | Demographic and clinical characteristics of COPD patients

Handihaler users (n=40, 20.0%), and pMDI with spacer users
(n=33, 16.5%). Seventy-seven patients (74.8%) performed
at least one essential step incorrectly for all devices. A total
0f 200 inhalation demonstrations from the 103 patients were
used for the analysis per device. Percentages of incorrect
essential steps and multivariable analysis of performing
incorrect technique per device are presented in Table 2. The
maximum number of technique errors was observed in those
using the pMDI (77.3%), and the minimum number of errors
in those using the Handihaler (42.5%). For the pMDI, the
steps “breathe out gently to residual volume” and “shake
inhaler thoroughly” were most frequently performed incor-
rectly. For the pMDI with spacer, the step “breathe in and out
through mouthpiece at least three times” was most frequently
performed incorrectly. For the Accuhaler, the steps “breathe
out gently to residual volume” and “inhale forcefully and
deeply” were most frequently performed incorrectly. For
the Handihaler, the step “hold breath for at least 10 seconds”
was most frequently performed incorrectly. Multivariable
analysis (Handihaler device set as a reference group due to
the lowest incorrect steps of inhalation) revealed significant
differences in incorrect inhalation techniques between the
devices, as demonstrated by the odds ratios presented in
Table 2.

Univariable analysis of determinants revealed three
potential risk factors for incorrect inhalation technique: low
education level (education =6 years); age =70 years; and
CAT score =10 (Table 3). No associations could be observed

Characteristics n=103

Age (years) 712192

Male sex, n (%) 66 (64.1)

Body mass index (kg/m?) 20.743.9

Education level

Lower education (=6 years) 85 (82.5)
Higher education (>6 years) 18 (17.5)

Percent predicted FEV, 51.9422.5

Ratio of FEV|/FVC (%) 54.1£122

GOLD Classification Stage?
A28 (27.2) 19(8.8)
B 20 (19.4) 1140 (39.2)
C 17 (l6.5) 139 (38.2)
D 38 (36.9) IV 14 (13.7)

mMRC score 2.0x1.1

CAT score 10.6+6.7

Frequent AEs in the previous year (=2 times per year) 23 (223)

AEs in the previous year (n) 1.0£1.9

Treatment by a pulmonologist in previous 2 years 57 (55.3)

Multiple devices (=2 devices) 72 (69.9)

Note: Data are shown as the n (%) or as the mean + standard deviation, *n=102.

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | second; FVC, forced vital capacity; mMRC, modified Medical Research
Council; CAT, COPD Assessment Test; GOLD, Global Initiative for Chronic Obstructive Lung Disease; AE, acute exacerbation.
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Table 2 Percentages of mistakes per step, total percentages of patients with incorrect inhalation technique per controller device, and

multivariate analysis per device

Essential steps pMDI pMDI + Accuhaler® Handihaler®
n=44 spacer, n=33 n=83 n=40
Shake inhaler thoroughly 523 394 NA NA
Remove the cap and keep inhaler in upright position 1.4 NA NA NA
Slide the outer case away until it clicks NA NA 4.8 NA
Slide the lever away until it clicks NA NA 8.4 NA
Remove cap and insert inhaler correctly into spacer NA 12.1 NA NA
Place capsule in the device and turn back mouthpiece NA NA NA 4.9
Push the buttons once NA NA NA 7.3
Breathe out gently to residual volume 545 333 388 17.1
Close lips on inhaler or spacer mouthpiece 0.0 0.0 0.0 0.0
Press the canister at beginning of inhalation 40.9 NA NA NA
Hold spacer level and press down firmly on canister once NA 21.2 NA NA
Inhale slowly and deeply 27.3 30.3 NA NA
Inhale forcefully and deeply NA NA 36.1 14.6
Hold breath for at least 10 seconds 38.6 242 30.1 244
Breathe in and out through mouthpiece at least three times NA 424 NA NA
Patients performing incorrect inhalation techniques 773 69.7 63.9 42.5
Odds ratio 4.6 3.1 24 1.0
95% confidence interval 1.8-11.8 1.2-8.2 1.1-5.2
P-value 0.001 0.020 0.025

Abbreviations: pMDI, pressurized meter-dose inhaler; NA, not applicable to the device.

regarding severity of disease, frequency of exacerbation,
treatment by a pulmonologist in the previous 2 years, or use of
multiple devices. Multivariable logistic regression revealed
that a low education level was the only explanatory factor for
incorrect inhalation technique (adjusted odds ratio 4.1, 95%
confidence interval 1.2—-13.4, P=0.022, Table 4).

At the post-training visit, 67% of patients (69/103)
performed a total of 138 inhaler device demonstrations and
their inhalation techniques were assessed again. Comparisons
of incorrect techniques before and after face-to-face train-
ing visits are shown in Figure 1. Formal training resulted
in a statistically significant decrease in the percentage of

Table 3 Risk factors for incorrect inhalation techniques by univariable analysis (n=103)

Variables n Incorrect (%) Crude OR P-value
(95% CI)

Sex Female 37 83.8 2.2 (0.8-6.2) 0.114
Male (Ref) 66 69.7

Age =70 years 58 81.0 2.1 (0.9-5.3) 0.096
<0 years (Ref) 45 66.7

Education Low (=6 years) 85 80.0 4.0 (1.4-11.6) 0.008
High (>6 years) (Ref) 18 50.0

Percent predicted of FEV <50 53 774 1.4 (0.5-3.3) 0.492
=50 years (Ref) 49 714

mMRC score® =2 67 77.6 1.6 (0.7-4.2) 0.279
<2 (Ref) 34 67.6

CAT score® =10 54 8l1.5 2.3 (0.9-5.7) 0.075
<10 (Ref) 47 66.0

Frequent AE in the previous year Yes 23 739 0.9 (0.3-2.7) 0916

(=2 times/year) No (Ref) 80 75.0

Treatment by a pulmonologist Yes 46 76.1 I.1 (0.5-2.8) 0.780

in the previous 2 years No (Ref) 57 737

Inhaler device Multiple 72 77.8 1.7 (0.6-4.2) 0.282
Single (Ref) 31 67.7

Note: Data are shown as n (%) or the mean + standard deviation, *n=102, *n=101.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in | second; mMRC, modified Medical Research
Council; CAT, COPD Assessment Test; AE, acute exacerbation; OR, odds ratio; ref, reference.

1294 submit your manuscript
Dove

International Journal of COPD 2015:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Inhalation technique in COPD patients

Table 4 Risk factors for incorrect inhalation techniques by
multivariable analysis (n=103)

Variables Adjusted OR P-value
(95% CI)

Sex Female 1.5 (0.5-4.6) 0.485
Male (Ref)

Age =70 years 1.9 (0.8-5.3) 0.166
<70 years (Ref)

Education Low (56 years) 4.1 (| 2-1 3.4) 0.022
High (>6 years) (Ref)

CAT score® =0 2.3 (0.8-6.3) 0.107

<10 (Ref)

Note: Data are shown as n (%) or the mean = standard deviation, *n=101.
Abbreviations: CAT, COPD Assessment Test; Cl, confidence interval; COPD,
chronic obstructive pulmonary disease; OR, odds ratio; Ref, reference.

incorrect techniques for all devices and for the pMDI (59.4%
vs 48.6%, P<<0.001; 72.4% vs 48.3%, P=0.039, respectively)
and tended to decrease for the pMDI with spacer and for
the Accuhaler. However, incorrect inhalation techniques in
patients using the Handihaler did not decrease.

Discussion

This study shows that a large proportion of COPD patients
routinely treated by pulmonologists at the chest clinic used
their inhaler incorrectly by performing at least one essential
step for drug delivery incorrectly. The most errors were
made when using a pMDI, whereas those patients using
the Handihaler device had the highest rate of accurate
techniques. The pMDI is inherently more difficult to use
and needs appropriate coordination. Adding a spacer to the
pMDI helps to eliminate poor hand-lung coordination.?’

80

P=0.039

70 P=0.687

60 P=0.180
50 -
40

30

20

Percentage of patients with
incorrect technique

10 4

This is consistent with our study results. The most frequent
error in handling the pMDI was the step “press the canister
at beginning of inhalation”. The group of patients using
the pMDI with a spacer also demonstrated high incorrect
technique performance at this step. These high rates of
poor hand-lung coordination for the two devices could
be the result of inadequate routine technique education
provided by pharmacists and poor patient inhalation tech-
nique evaluation by pulmonologists and nurses. Previous
studies have revealed that health care providers, including
physicians, nurses, pharmacists, and respiratory technicians
themselves, may not be acquainted with appropriate device
handling.?8*

Low education level was the only statistically significant
factor associated with incorrectly performing the inhalation
technique. Other variables, including older age, female sex,
severity of dyspnea and lung function impairment, low CAT
score, history of frequent exacerbation, being treated by a
pulmonologist in the previous 2 years, and use of multiple
devices, were not associated with incorrect technique. An
inverse relationship between years of school education and
incorrect inhalation technique has been reported previously.>
When considering demographic variables in the univariable
analysis, we observed a higher odds ratio for incorrect inhala-
tion technique in the elderly, as has been observed in other
studies.'”*! Our data also suggest that females, when compared
with males, present greater odds of having incorrect inhala-
tion technique. However, other published studies reported no
differences in inhalation technique related to sex.!”** This is
the first study to use the CAT questionnaire for assessment of

P<0.001

NA

O Routine visit

m 1 month after the correct
use of devices

pMDI
n=29

pMDI
with spacer
n=23

n=55

I Accuhaler® I Handihaler®l All devices

n=31 n=138

Figure | Comparison of incorrect techniques between a routine visit and | month after correct use of controller devices in 69 COPD patients (138 devices).
Abbreviations: COPD, chronic obstructive pulmonary disease; pMDI, pressurized meter-dose inhaler; NA, not applicable to the device.
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quality of life. The data suggest that patients with lower quality
of life (CAT score =10) are more likely to have incorrect
inhalation technique. A previous study demonstrated that mis-
handling of inhaler technique remains common in everyday
life and is associated with poor clinical control and increased
expenditure of unscheduled health care resources in COPD
patients.’® A previous study reported more technique errors
among patients using multiple types of devices;*! however, our
results are in agreement with a report stating that the number
of inhaler types used has no effect on performance of the
required inhalation technique.'” No other variables (elderly,
female sex, poorer quality of life, and use of multiple inhaler
devices) were statistically significant in our study.

Our study confirms a significant increase in the percent-
age of improvement in inhalation technique after face-to-
face demonstrations and training. Although the inhalation
technique significantly improved among pMDI, pMDI with
spacer, and Accuhaler patients, the percentage of those with
incorrect technique was still above 50%. Surprisingly, patient
compliance using the Handihaler did not improve further
after demonstration and training.

These results suggest that patients should bring all their
inhalers to each visit, and should be able to demonstrate
their correct use. All patients need face-to-face training and
retraining, while others will require a family member to
help them recall training instructions for successful inhaler
use. Inhaler technique must be rechecked, and education
must be regularly reinforced to maintain correct technique,
given that inhaler technique can deteriorate again after
education.’>** Handouts or videos, alone or in combination,
are not adequate substitutes for face-to-face training, and
as previously mentioned, the trainer must be aware of each
patient’s learning needs.** The basics of effective inhaler
training and consequently effective treatment are simplifica-
tion, demonstration, and repetition.’* Regular reassessment
and reinforcement of correct inhalation technique is essential
for successful inhaler use.

This study has strengths that should be considered. First,
it is the first study to compare compliance with inhalation
technique for all the frequently prescribed inhaler devices avail-
able in Thailand. Second, the same nurse evaluated the same
patients for both pre-training and post-training visits to avoid
interobserver variability. Third, our study represents a more
reliable approach to real-world clinical practice. Bias was fur-
ther mitigated when COPD patients were assessed without prior
notification of the study or researcher knowledge of their inhaler
education at their routine visit. None of our study patients had
ever been trained using a face-to-face demonstration.

However, this study also has some limitations. First, it
evaluated inhalation technique without a quality grading.
This method may overestimate the prevalence of incorrect
use of inhaler devices, since it considers all steps recom-
mended by manufacturers as a potential source of error, but
reduces the subjectivity of grading the relevance of some
errors over others in the absence of solid knowledge regard-
ing the importance of each error on the distribution of the
drug into the airways. Second, we recognize that evaluating
some steps only through observation is subjective, especially
the rapid and forceful inhalation step needed to correctly
use a dry powder inhaler, but it simulates real-life settings
where most decisions are clinically based, and the equipment
needed to accurately measure inspiratory flow is seldom
available. This might explain the errors observed for the
steps of “breathing out gently to residual volume” and “not
inhaling forcefully” more commonly with the Accuhaler
than for the Handihaler, although these steps are the same
for both devices. However, the value of this work rests on
the improvement in inhaler use after face-to-face training,
confirming the need for repeated education, not only on
comparison of inhalation techniques between the devices.
Third, this trial was not randomized or controlled, and was
conducted in a single health care institution, so we cannot
exclude selection bias. This may limit the generalization of
our results to other populations. Our institution is an aca-
demic chest center, but the inhalation techniques used for
common inhaler devices were still largely unsatisfactory. It
might be postulated that the correct inhalation technique of
COPD patients in general practice clinics is less satisfying
without face-to-face training. Fourthly, our study is limited
to evaluation of pMDI with large volumatic spacers and not
pMDI with small ones.

Conclusion

Inhalation technique in COPD patients without face-to-face
training was mostly unsatisfactory, especially in patients with
low education levels. The Handihaler was associated with
the highest percentage of correct inhalation technique. Face-
to-face training significantly decreased incorrect inhalation
techniques in patients using the pMDI.
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