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ABSTRACT

Background: The correct inhalation technique is a crucial factor governing the efficiency
of inhaled medication and is critical in ensuring optimal medication conveyance to the
lungs. It is imperative to use the inhaler properly and to have sufficient knowledge,
so we conducted this study to assess technique and provide education on Inhaler
techniques in patients with respiratory disease. Materials and Methods: A Cross-sectional
interventional study was conducted at the Department of Respiratory Medicine, Dhiraj
Hospital, Vadodara, from October 2019 to March 2020. The inhalation technique was
evaluated by specific checklist (NHS Liverpool Clinical Commissioning Group- inhaler
device checklist). Patients having incorrect inhaler techniques were counselled along
with physical demonstration of the proper inhaler technique. A pre-and post-intervention
score was compared to evaluate the benefit of the intervention. Results: A total of 120
patients were enrolled in the study. Before counseling, 11.67%, 58.33%, and 30%
of patients had poor, moderate, and good inhaler technique, respectively, while post
counseling, 87.50%, 12.50%, and 0% had good, moderate, and poor inhaler technique,
respectively. Pearson correlation coefficient (r) value of 0.6686 depicts strong positive
correlation between pre-and post-intervention mean scores with significant p-value.
Literacy and age showed considerable impact on inhaler techniques. Conclusion: Overall,
the majority of patients had erroneous inhaler technique, however after counseling a
dramatic surge in the number of patients having correct inhaler technique was beheld,
which suggests that clinical pharmacist’s frequent counselling is indispensable and can
improve efficacy and therapeutic outcomes.
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INTRODUCTION

Respiratory disease is a type of illness
that affects the lungs and other parts of
the respiratory system. It mainly affects
the respiratory tract with the pleurae,
bronchioles, pleural cavity, bronchi,
alveoli, and muscles of respiration. Around
65 million people have moderate to severe
chronic obstructive pulmonary disease
(COPD), out of which nearly 3 million
die every year. The prevalence of asthma
is around 334 million making it the most
common chronic disease. For a long time,
acute lower respiratory tract infection has

been among the top three causes of death.
While tuberculosis affects 10.4 million
people, from which 1.4 million people
die every year.'? The inhaler is a widely
used medical device that delivers the drug
directly into the body via the lungs and
plays a significant role in the management

of respiratory diseases, mainly asthma and
COPD.?

The technique of inhalation is a crucial
factor governing the efficiency of inhaled
medication. Correct inhalation technique
is critical in ensuring optimal medication
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conveyance to the lungs, and thereby its efficacy. It
is imperative to use the inhaler properly and to have
adequate knowledge regarding the use of inhalers. By
implementing the proper technique, the drug goes deep
down the lungs and reaches the smaller airways. Patients
often make an error while using the inhaler, like not
holding the inhaler in the proper position, not breathing
out properly, not shaking the inhaler before use, not
breathing in properly, and not closing the inhaler after
use.> This increases the cost of treatment, increases
medication wastage, decreases drug delivery to lungs,
and affects disease control. Also, during the maintenance
therapy, that may increase the risk of hospitalization for
COPD or asthma patients. Incorrect inhaler technique,
while using inhaled corticosteroids, usually elevates
the chances of adverse effects like dysphonia and
oral candidiasis. Checking and correcting the inhaler
technique can improve outcomes and treat disease.”®
However, the erroneous inhalation technique is usual
in chronic airflow obstruction patients, and hence,
appropriate training is essential for all these patients to
ensure optimal therapy.

Previous studies have reported a high rate of inadequate
inhalation techniques. In one of the studies, 120 patients
had enrolled, from which 60 patients were of asthma
and COPD each, where 94.2% of patients made at least
one mistake in using an inhaler.” A cross-sectional study
conducted by Yusuf Aydemir ¢ a/. shows that before
training, the rate of correct usage of dry powder inhalers
(DPI) was 58.9% and 31.1% for pressurized metered-
dose inhalers (pMDI), which increased to 92.1% for dry
powder inhaler and 45.2% for pMDI after the training.
But even after the face-to-face training, incorrect usage
was continued by the older patients and the patients
using the pMDI device.® Therefore, an evaluation of the
inhaler technique and appropriate training is necessary
for these patients, as a significant proportion of patients
have incorrect inhaler techniques.

MATERIALS AND METHODS
Study Design and Ethical Approval

A Cross-sectional interventional study was conducted
at the Department of Respiratory Medicine, Dhiraj
Hospital, Pipariya, Vadodara. It was initiated after
getting ethical approval from the Sumandeep Vidyapeeth
Institutional Ethics Committee (SVIEC NO: SVIEC/
ON/Phar/BNPG18/D19037). It was a single-group
pre-post interventional study designed to analyze the
upsides of clinical pharmacist intervention on the
current status of the inhaler technique. The intervention
includes one-to-one education on an inhaler and
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practical demonstration by three Pharm.D final year
students (Doctor of Pharmacy).

Study criteria

Source of subjects: The study was carried out in the
Respiratory medicine Outpatient department of Dhiraj
Hospital, Pipariya, Vadodara, Gujarat, India.

Inclusion criteria: A total of 120 patients who visited
the outpatient department of the Respiratory medicine
at Dhiraj Hospital of either gender, age > 18 years,
prescribed by an inhaler, and willing to participate in
the study were not included.

Exclusion criteria: While Unconscious, severely
disabled patients, pediatric patients, critically ill patients,
patients using nebulizers, and who had difficulty in
communication were not included in the study.

Sample size: A total of 120 patients attending
Respiratory medicine Outpatient department of Dhiraj
Hospital, Pipariya, Vadodara, Gujarat, India, were
included in the study.

The sample size was calculated under the guidance of a
Biostatistician of the Dhiraj Hospital, Vadodara, using
the below-mentioned formula.

2 —
n:w

where, n = sample size, P = prevalence, Z = Level of
confidence and d = Precision.

Study duration: The duration of the study was six
months. (October 2019 to March 2020)

Data collection, and

intervention

technique assessment,

Before participation in the study, patients were provided
with the patient information sheet and written informed
consents were obtained. All the sociodemographic and
clinical information such as gender, age, education,
diagnosis, prescribed drugs, type of inhaler and duration
of inhaler use, and others were collected from patients
and assured that all information and records would
be kept confidential. The inhalation technique was
evaluated by a specific checklist (NHS Liverpool Clinical
Commissioning Group- inhaler device checklist). As per
the NHS Liverpool Clinical Commissioning Group-
inhaler device checklist, each right step was assigned with
one point, and each wrong or skipped step was assigned
with zero points. The patients having incorrect inhaler
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techniques were counselled, along with the physical
demonstration of the proper inhaler technique. The
patients were instructed to clear any of their doubts and
questions for additional explanation. A re-evaluation
of the inhalation technique was done using the same
scoring system.

Statistical analysis

All the gathered data were transcribed into Microsoft
Excel, and data were cleaned by double-checking with the
source data, and all out of the range or incorrect values
were cross-verified and corrected. While the descriptive
analysis was done using Microsoft office excel with
Students paired #test and Pearson correlation to analyze
the advantages of clinical pharmacist’s intervention
(comparison of pre-and post-intervention scores). A
pvalue of <0.05 was considered significant.

RESULTS

A total of 120 patients were enrolled in the study from
the OPD of the respiratory department of Dhiraj
Hospital. The age of the patients varies from 18-76 years,
with a mean age of 46.8 £ 14.51 (Mean + SD). Subjects
were divided into three age bundles, the young age group
(18-37 years) consists of 30% patients, the middle age
group (38-57 years) consists of 42.5% patients, and the
old age group (58-77 years) consists of 27.5% patients.
Out of the total subjects enrolled, 54.17% were male,
while 45.83% were female patients. In terms of literacy,
35.83% of patients were uneducated, followed by
secondary education (25%), primary education (24.17%),
and higher education (15%).

Bifurcating the patients according to the kind of
inhaler they used, 39.17% of patients were utilizing
a metered-dose inhaler (MDI), around one-third of
patients (34.17%) were using metered-dose inhaler +
spacer (MDI+S), and 26.67% of patients were using dry
powder inhaler (DPI). Duration of inhaler use shows
that patients utilizing inhalers since under one year were
40%, followed 1-2 years (25.83%), more than 2 to 4 years
(25%), and over four years (9.17%). Commonly used
drugs using inhalers were a combination of budesonide
+ formoterol (48.33%). Disease distribution shows
that 39.17% were diagnosed with asthma, 26.67% with
COPD, a onefifth fraction (20%) with tuberculosis,
6.67% with lower respiratory tract infection (LRTT), and
7.50% were diagnosed with other disease conditions.
Associated comorbidities were found in 40.83% of
patients, while 59.17% didn’t have any comorbidities.
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According to Table 1, the mean score of MDl-using
patients was highest among all three inhalers. The mean
score of MDI + S using patients before counseling was
4.87 that increased to 6.3, and the mean score of DPI
using patients before intervention was 4.78, which
surged up to 6.38 after the intervention. The p-value
of less than 0.0001 was statistically significant. The
Pearson correlation coefficient (r) values show a strong
positive linear relationship between the pre-and post-
intervention mean score of MDI, MDI + S, and DPI. A
value of » = 0.6686 for the overall score of 120 patients
shows a strong positive correlation between pre-and
post-intervention mean scores. The significant rise in the
overall mean score after counseling justifies the effect of
clinical pharmacist-based educational intervention on
the correctness of the inhaler technique.

Moreover, to evaluate the inhalation technique, the NHS
Liverpool Clinical Commissioning Group inhaler device
checklist was used. The inhalation technique of MDI
patients (Table 2) was assessed, before the counseling
majority of the MDI patients made an error in step
6, i.e., holding the breath for 10 sec before exhaling
the air, and step 3, i.e., to exhale the air before starting
the inhalation. In contrast, after the intervention, the
ratio of patients accurately performing steps 6 and
3 surged up to 76.60% and 95.74%, respectively. A
statistically significant p-value (0.0015) claims that there’s
a pronounced improvement in the MDI technique of
patients after educating them.

In the dry powder inhaler (Table 3), before intervention
majority of the DPI patients made an error in step 5,
L.e., to breathe out and place lips around the mouthpiece
tightly to form a good seal and breathe in deeply through
the device and step 6, i.e., to hold the breath for 5-10
sec and then breathe out. On the other side after the
intervention, the percentage of patients accurately
performing steps 5 and 6 raised to 90.63% and 78.13%,
respectively, with a statistically significant p-value of
0.0411. It shows a drastic rise in the proportion of
patients performing the correct DPI technique after
the intervention.

Table 1:

Effect of clinical pharmacist based

educational intervention on the correctness of inhaler
technique.

Mean Score (out of 7)

Type of
Inhaler __ Pre- e Pvalue r
intervention Intervention
MDI 5.14 6.5 0.00001* 0.6533*
MDI + 4.87 6.3 * "
SPACER 0.00001* 0.7065
DPI 4.78 6.38 0.00001* 0.6237*
r= Pearson correlation coefficient, *significant
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Table 2: MDI checklist with pre- and post-counselling score comparison.

Pre-Counselling  Post-Counselling Students
MDI Checklist score, Patients, score, Patients, Paired t-test.

N (%) N (%) (P Value)
Step-1. Remove cap on the mouthpiece 42 (89.36) 46 (97.87)
Step-2. Hold inhaler upright and shake well 41 (87.23) 47 (100.00)
Step-3. Breathe out gently as far as comfortable 28 (59.57) 45 (95.74)

Step-4. Put mouthpiece in your mouth and close lips around it to form a 36 (76.60) 43 (91.49) 0.0015*
good seal
Step-5. Start to t_Jreathe in slowly t_hrough your mquth and at the same 36 (76.60) 46 (97.87)
time press down firmly on the canister
Step-6. Hold your breath for up to 10 sec then remove inhaler from your 21 (44.68) 36 (76.60)
mouth

Step-7. Breathe out gently away from mouthpiece, replace cap, and 32 (68.09) 32 (89.36)

Repeat steps 3-6 if 2nd dose is required, wait 1 min between puffs

*Significant, %= percentage of patients performing step correctly, N= number of patients performing step correctly.

Table 3: DPI checklist with pre- and post-counselling score comparison.

Pre-Counselling AR Students
. . Counselling i
DPI Checklist score, Patients, . Paired t-test.
N (%) score, Patients, (P Value)
N (%)
Step-1. Remove cap and open device by tilting mouthpiece backwards 30 (93.75) 32 (100.00)
Step-2. Remove one capsule from blister pac'kaglng and place it in chamber 31 (96.88) 32 (100.00)
at the base of device.
Step-3. Close device by pulling mouthpiece forwards until it clicks into place 30 (93.75) 31(96.88)
over capsule chamber.
Step-4. Press two side buttons of device inwards to pierce capsule, and then 29 (90.63) 32 (100.00) 0.0411*
release them.

Step-5. Breathe out and then place your lips around mouthpiece and breathe

in as deeply as you can through device - you will hear a whirring noise as 11 (34.38) 29 (90.63)

you do this.

Step-6. Hold your breath for 5-10 sec and then breathe out. Open the device

and check to makg sure the capsuI‘e is empty. If so, remove the.empty. 9(28.13) 25 (78.13)

capsule. If there is still some powder in the capsule, close the device again
and repeat the previous step to breathe in the rest of the powder
Step-7. Rinse your mouth with water. 13 (40.63) 22 (68.75)

*Significant, %= percentage of patients performing step correctly, N= number of patients performing step correctly.

Furthermore, in MDI+S (Table 4), before counseling
majority of the patients made a mistake in step 5, i.e.,
to inhale the air gently and deeply, then hold the breath
for about 10 sec and step 3, i.e., breathe out slowly
comfortably, where only 51.22% and 53.66% could
perform step 5 and 3 accurately respectively. After the
intervention, the ratio of patients accurately performing
steps 5 and 3 increased to 75.61% and 90.24%,
respectively, with a statistically significant p-value of
0.0019.

According to the NHS Liverpool Clinical Commissioning
Group - the inhaler device checklist, the inhaler
technique was classified into three groups, based on the
score obtained out of 7 by an individual patient. Patients
who achieved a score between 0-3 had a poor inhaler
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technique, which indicates that they performed at least 4
out of 7 steps incorrectly. Similarly, for the score of 4-5
points, the patient had a moderate inhaler technique and
performing at least two steps incorrectly. The patients
who scored 6 or 7 points had a good inhaler technique.
The Table 5 shows that before the intervention, 11.67%
of patients had poor inhaler technique, 58.33% had
moderate inhaler technique, and only 30% had good
inhaler technique. On the other side, after providing
counseling to the patients who performed one or
more incorrect steps and re-evaluating their inhaler
technique, a significant rise has been noted in the
number of patients having a good inhaler technique.
Post-intervention majority of the patients, i.e., 87.50%,
had a good inhaler technique, and only 12.50% had a
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Table 4: MDI+S checklist with pre- and post-counselling score comparison.

Pre-Counselling  Post-Counselling Students
MDI + spacer Checklist score, Patients, score, Patients, Paired t-test.
N (%) N (%) (P Value)
Step-1. Remove cap, hold inhaler upright and shake well 32 (78.05) 41 (100.00)
Step-2. Insert inhaler upright into the hole in the spacer 40 (97.56) 41 (100.00)
Step-3. Breathe out gently as far as comfortable 22 (53.66) 37 (90.24)
Step-4. Put mouthpiece op spacer between teeth without biting and close 31 (75.61) 39 (95.12) 0.0019*
lips to form a good seal
Step-5. Hold spacer level and press down firmly on the canister to release
one puff: Breathe in slowly and deeply then hold breath for about 10 sec. 21 (51.22) 31 (75.61)
Breathe in and out normally for 4 breaths.
Step-6. Remove spacer from mouth and breathe out gently. Repeat steps
3-6 if 2nd dose is required. You need to shake the canister again and 27 (65.85) 35 (85.37)
ideally wait 1 min between puffs
Step-7. Remove inhaler from spacer, and replace cap. Check patient 27 (65.85) 34 (82.93)

knows how to clean spacer each month (if relevant)

*Significant, %= percentage of patients performing step correctly, N= number of patients performing step correctly.

Table 5: Standard of correct inhaler technique, before and after counselling.

Pre-counselling

Post-counselling

UL Poor technique Mode_rate Good technique Poor technique Mode_rate Good technique
technique technique
% (n) % (n) % (n) % (n) % (n) % (n)
MDI (47) 8.51 (4) 55.32 (26) 36.17 (17) 0.00 (0) 8.51 (4) 91.49 (43)
MDI+S (41) 17.07 (7) 58.54 (24) 24.39 (10) 0.00 (0) 17.07 (7) 82.93 (34)
DPI (32) 9.38 (3) 62.50 (20) 28.13 (9) 0.00 (0) 12.50 (4) 87.50 (28)
Total (120) 11.67 (14) 58.33 (70) 30.00 (36) 0.00 (0) 12.50 (15) 87.50 (105)

%= Percentage of patients in respective group.
N= Number of patients in respective group.

moderate inhaler technique.

Literacy had shown considerable impact on the inhaler
technique. Before counseling, in the higher education
group, 67% of patients had good inhaler technique,
while none had poor inhaler technique. Around 21%
of the primary school group and about 14% of the
uneducated group patients had poor inhaler technique
before the counseling. However, after bestowing the
education to the individuals making an error, an
apparent rise in the ratio of the patients having proper
inhaler technique has been witnessed. The 100% of
the higher education group, 93.33% of the secondary
education group, 82.76% of the primary education
group, and 81.40% of the uneducated group patients
had a good inhaler technique. It shows that education
somehow affects inhaler technique, and there’s a sound
difference between the percentage of patients having
good inhaler technique pre-and post-intervention.

The elderly patient’s inhaler technique was more
compromised compared to other age group patients.
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Before counseling, in the poor inhaler technique group,
the maximum number of patients were of the old age
group. In contrast, in a good inhaler technique group,
a maximum number of patients were of the young
age group. Later providing the proper education, a
significant rise in the old age patients performing the
correct inhaler technique was noted (from 27.27% to
84.85%), also quite similar to that has been witnessed for
the young and middle age group. It shows that proper
and frequent counseling for the inhaler technique is
beneficial to patients.

DISCUSSION

The inaccurate technique of inhaler use is often an
Achilles heel in the treatment of pulmonary disease.
A cross-sectional interventional study to evaluate
the knowledge of inhaler use was conducted among
respiratory disease patients. Moreover, an inhaler device
is an invaluable tool to treat respiratory disease. The
inhaled medications can reduce airway inflammation,
relieve shortness of breath, or improve airflow. The
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quantity of medicine that reaches the desired organ
is vital for improved efficacy in the treatment, which
depends on the technique of inhalation, type of inhalers,
and compliance with inhalers. So, proper technique
improves disease outcomes and the quality of life of
patients.”!

There are two widely used methods to provide structured
education regarding inhaler use- one, to bestow the
actual physical demonstration of the device and provide
printed material/flyer enunciating the pictures or text
explaining the method of inhaler use. We carried out
this study by providing a physical demonstration of
the device to the patients. The result shows a drastic
difference between the pre-and post-intervention
score, justifying the effect of counseling by the clinical
pharmacist, who has a sound role in the healthcare
setting. It bears witness, frequent counseling, and proper
demonstration of the device using the standard checklist
significantly reduces the error.!"**

According to the NHS Liverpool checklist, each inhaler
has its specific steps to be followed during an inhalation.
This checklist has a 7-step inhalation technique
mentioned for each inhaler, where each step carries
one point. We witnessed that more than one fraction
of the population had a moderate inhaler technique,
and 30% of patients had good inhaler techniques before
counseling. However, the ratio significantly surged
up post counseling. After providing counseling, the
patients were again intervened and noted that a higher
proportion of patients (87.50%) had a good inhaler
technique, 12.50% had a moderate inhaler technique,
while none had poor inhaler technique. The proper
inhalation technique is a prime requisite to control the
disease progression, and it is required to educate patients
regarding the correct inhalation technique.”' Our single
session of clinical pharmacist intervention corrected
the inhaler technique in 70% of patients. In contrast,
a previous study by Shrestha es a/. explains that the
method of an actual representation of correct inhalation
technique along with video recordings helped only
33.6% in the counseled patients,'” recommending that
the demonstration and training after verbal instruction
might be a superior policy in elevating the technique of
inhaler use. The study conducted by Sen e #/'® shows
that around two-thirds (65.5%) of patients using MDI
had proper inhalation techniques. In this study, before
the intervention, only 36.17% of patients had the correct
inhaler technique. However, it significantly raised to a
higher proportion after counseling. In metered-dose
inhaler + spacer, 58.54% and 24.39% of patients had
moderate and good inhaler technique respectively before
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counseling, later after counseling, 82.39% of patients
had a good inhaler technique. A study conducted by
G.D. Jolly et al”® depicts those common errors observed
in his study were in steps “omitting to exhale before
inhaling” and “not holding the breath for 10 sec after
inhaling”, we noted similar errors in patients using
MDI and MDI along with spacer. Patients made errors
in steps like holding breath for 10 sec after inhaling the
medication and breathing out gently before initiating
inhalation. Also, maximum exhalation or up to the
comfortable point before inhalation can decrease
the proportion of air present in the airways, which
will increase the space available for air. It results in
maximizing the efficacy to carry the molecule to a
targeted site. Hence, proper emphasis on these two steps
is necessary while using the device.*!

Furthermore, in patients using DPI, 28.13% had good
inhaler techniques before counseling, and it surged
up to 87.5% after counseling. Patients using DPI had
an error in breathing out and placing lips around the
mouthpiece tightly to form a good seal and breathe in.
A large fraction of patients were unable to make a good
seal around the mouthpiece of the inhaler. It is essential
to produce adequate inspiratory flow and humidity
sensitivity so that condensation on the mouthpiece,
leading to clumping of the drug, and also severely
impaired disaggregation do not occur. Lack of proper
exhalation before inhalation was the most common error
in all three types of inhalers. Ramesh Sharma Poudel
et al. suggests that repetitive educational intervention
enhances the ability of patients to adequately use
the inhaler,”” where repetitive counseling will lead to
improved inhalation technique and improved outcomes
and disease control.

We observed a clear impact of literacy on inhaler
technique. A study conducted by Jalpa Suthar ez 4/. and
Alpesh Chauhan e# a/. shows that educated people are
more prone to understand inhaler techniques when
compared to uneducated people.”® While we witnessed
a similar trend in our study, literate patients made
considerably fewer errors when compared to illiterate
patients. Educated people can read the leaflets and
brochures available with the inhaler, which is beneficial
for proper inhalation techniques. Also, they have
more awareness about the effect of correct inhalation
techniques to manage the disease. Consumer medicine
information leaflet, together with the inhaler, might not
be fruitful to uneducated patients.” Post-intervention,
more than 80% of patients of all the groups as per
education status showed improvement.

Elderly patients had more erroneous inhaler techniques
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compared to young and middle-aged patients. Older
people may forget some steps or the existence of other
comorbidities, which makes it difficult for them to
use the inhalers properly. But frequent and correct
counseling regarding the inhaler techniques can be
very favorable in such conditions. A large fraction
of a younger group of patients had good inhalation
techniques before the counseling, which depicts that
age plays a crucial role in proper inhaler technique.
Association of a post-counseling score and age suggests
that frequent reinforcement and re-assessment are
necessary for older patients.

Our study had few limitations that may affect the
generality and precision of the results. The post
counseling assessment of the inhalation technique
was repeated after 10 min; hence, the efficacy of the
counseling for a prolonged period is unpredictable.
Moreover, all the subjects were enrolled from only one
hospital, which might affect the accuracy of these results.
However, our findings have high practical relevance.
Implementation of such a service in every healthcare
setting may enhance the inhalation technique in
respiratory disease patients. Furthermore, our study has
successfully estimated the benefit of clinical pharmacist
intervention on the inhaler technique in respiratory
disease patients in Vadodara, India.

CONCLUSION

Overall, this found a significant prevalence of
incorrect inhaler usage, a small fraction of subjects
could perform all the essential steps of the inhalation
technique properly. Post counseling, there was an
increment in the ratio of patients using the inhaler
correctly. A single counseling session with a physical
demonstration of inhaler techniques was beneficial and
showed improvement in the inhaler techniques. A single
session counseling might not be enough for older and
uneducated patients, so it is imperative to follow up
and reassess the inhaler techniques. Clinical Pharmacist
intervention can improve patient’s knowledge about
inhaler techniques and demonstrate the steps of the
inhaler. So, frequent counseling is essential to enhance
efficacy, adherence, and better outcomes in respiratory
disease patients.
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