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ABSTRACT

Background: Poor inhalation technique is responsible for decreasing the
efficacy of topical drug therapy in asthma and chronic obstructive pulmonary
disease (COPD). Certain steps of the inhalation technique are erred most often
and if ascertained, can be rectified leading to an overall improvement in the
technique. The predictors for poor use can also be marked.

Methods: Inhaler technique for pressurised metered dose inhalers (pMDI),
pressurised metered dose inhaler with spacer and dry powder inhaler (DPI) was
assessed in one hundred and five patients who fulfilled the inclusion and
exclusion criteria and were enrolled in this study. Inhaler technique was
assessed using an ERAS/ISAM Task force report based scores and the lung
function using pulmonary function test (PFT).The technique was re-assessed
and scored after a period of three months along with the assessment of the lung
function by PFT.

Results: The mean of ERS/ISAM task force report based score for evaluation
of the techniques of inhalation increased from 5.79+2.58 to 8.23+2.41
(p<0.0001) after intervention. The most commonly committed error in the
inhalation technique was in step number eight, ten and four by patients using
pMDI, pMDI with spacer and DPI, respectively. The faulty technique being the
dependent variable/outcome could be explained 16% by the type of inhaler used
(r2 = 0.1607) and this is statistically significant (p<0.0001), thus the type of
inhaler used was a predictor of poor use.

Conclusions: Inhaler techniques improved with systematic training and there
was a trend towards improvement in lung function, hence the clinical condition.
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INTRODUCTION

The inhaled route is preferred for the delivery of
bronchodilators and corticosteroids used in the
maintenance therapy of asthma and chronic COPD. Small
doses of drugs are delivered straightaway to their site of
action, leading to rapid onset of action and lowering
incidence of side effects.” It is quite difficult to source
advice about the choice of inhaler device, despite the
availability of several different types.”* The American
college of chest physicians (ACCP) recently published

www.ijbcp.com

evidence-based guidelines that listed eight points for
consideration when selecting an inhaler, including taking
account of any specific device preference the patient or
clinician might have and whether a given patient can use
the device properly.®

Correct pMDI technique involves firing the pMDI, while
breathing in deeply and slowly, and then following
inhalation with a breath-holding pause to allow particles
to sediment on the airway surfaces.>’ Most importantly,
the pMDI must not be fired after the inhalation is
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completed, as then there is no air-stream to carry the
aerosol into the lungs. Some aerosol will probably still
reach the lungs if the pMDI is fired shortly before
inhalation starts. If the patient mistimes the firing of
pMDI with inhalation, it is termed as ‘‘poor

coordination”.?

Spacers overcome coordination problems because
inhalation can take place either as the device is fired into
the spacer or after a short pause.’ While spacers are good
drug-delivery devices, they are not portable, convenient
and compact as a standard pMDI.°

Dry-powder inhalers (DPIs), including aerolizer, diskus,
handihaler, and turbuhaler, are flow dependent devices
and need very less patient-device coordination.'®*

Patients might have received treatment, but without
proper education and training in correct handling of the
inhaler, the therapeutic benefit is less than optimal.™ A
high proportion of patients do not have the proficiency to
use their device effectively because they have forgotten
what they were taught and no longer put to use the
correct technique that they were trained to apply.* For
this reason, international guidelines for asthma and
COPD management state that inhalation technique should
be assessed regularly and rectified if it is inadequate.****

There is evidence of the positive effect of teaching to
achieve correct inhaler use as was seen in our study
where a remarkable increase in the ERAS/ISAM task
force report based score was noted post-training.*>*°

The interaction of pulmonary function test, inhaler type
and training in inhalational technique has implications
that are not portrayed adequately by mere calculation of
inhaler-based error rates in the overall groups. However,
there are studies that have noted an improvement in the
clinical outcomes in patients with asthma and COPD after
teaching patients how to inhale correctly.'’*®

The type of inhaler used could be considered a predictor
for poor use as patients using pMDI were found to make
more mistakes as compared to those using pMDI with
spacer device and DPI. This finding was corroborated by
a study by van der Palen et al with asthma patients who
found that the percentage of patients performing all the
essential steps of inhaler use was greater when a
combination of DPIs was used, compared to a
combination of an MDI and DPI.**

In the present study, we made an effort to find the most
commonly erred step with the various inhalers at baseline
and the improvement seen after training thereby gauging
the effect on clinical outcome. The predictor for poor use
was also noted.

METHODS

Study population and selection process: The patient
population screened for recruitment to the study were
those attending outpatient services of pulmonary
medicine department. The COPD and Asthma patients
who fulfilled the inclusion and exclusion criteria and
gave written informed consent either themselves or
through their relatives were subjected to a detailed history
pertaining to demographics, socioeconomic status,
duration of symptoms, type of device used, duration of
device use, educator, as per a structured questionnaire
following which enrolment of the patients for the study
was done. They were then asked by the investigator to
demonstrate the inhaler technique without any prompts,
critiques or oral instructions either before or during the
demonstration. The technique was evaluated by awarding
one point for each correct step based on recommended
guidelines of ERAS/ISAM task force report.® There-
after, the incorrect step was corrected through physical
demonstration using a placebo device and the patient was
asked to perform the technique again. This process was
repeated till the patient got all the steps of the inhaler
technique right.

The number and percentage of patients committing error
at different steps was calculated for each inhaler used in
the study at baseline and three months after intervention.

The most commonly erred step was also taken into
account with respect to the number of patients performing
that particular step incorrectly at baseline and after three
months. The predictor of poor use of the inhalers was
ascertained. The pulmonary function was assessed at
baseline and the values of variables were noted. After
three months, the same procedure was followed to assess
the handling of inhaler and the variables of pulmonary
function test were also recorded.

Setup and study design

The study was  prospective,  non-randomized,
observational and interventional conducted during the
time period of one year ensuing from 1% July 2014 till
30™ June 2015 on an out-patient basis in the department
of pulmonary medicine at Indira Gandhi Medical
College, Shimla, Himachal Pradesh, India. The study
protocol was approved by IGMC ethical committee.

Instructions for inhalers

The detailed instructions on how to use pressurised
metered dose inhalers, dry powder inhalers and
pressurised metered dose inhalers with spacer device was
as per guidelines in ERAS/ISAM task force report.'®

Detailed instructions on how to use pressurised metered-
dose inhalers (pMDlIs), pMDIs with spacers, dry powder
inhalers (DPIs).
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pMDIs for patients with good actuation-inhalation
coordination

e Shake four or five times if suspension formulation

e  Take the cap off

e Prime the inhaler (refer to the PIL for specific
instructions)

e Exhale slowly, as far as comfortable (to empty the
lungs)

e Hold the inhaler in an upright position.

e Immediately place the inhaler in the mouth between
the teeth, with the tongue flat under the mouthpiece.

e  Ensure that the lips have formed a good seal with the
mouthpiece.

e Start to inhale slowly, through the mouth and at the
same time press the canister to actuate a dose.

e Maintain a slow and deep inhalation, through the
mouth, until the lungs are full of air. This should take
an adult 4-5s.

e At the end of the inhalation, take the inhaler out of
the mouth and close the lips.

e Continue to hold the breath for as long as possible, or
up to 10s before breathing out.

e Breathe normally.

e Ifanother dose is required, repeat steps 4-12.

pMDI+Spacer

e Shake four or five times if suspension formulation

e  Take the cap off

e  Prime the inhaler

e Insert the mouthpiece of the pMDI into the open end
of the spacer and ensure a tight fit

e Place the mouthpiece of the spacer in the patient’s
mouth with the teeth over the mouthpiece and the
lips sealed around it

e Instruct the patients to exhale slowly as far as
comfortable (to empty their lungs)

e Actuate one dose into the chamber of the spacer and
start to inhale slowly through the mouthpiece. Some
spacers will make a whistling noise if inspiration is
too fast

e Maintain a slow and deep inhalation through the
mouth, until the lungs are full of air. This should take
a child 2-3s and an adult 5s.

e At the end of the inhalation, take the inhaler out of
the mouth and close the lips.

e Continue to hold the breath for as long as possible
for up to 10s before breathing out

e Breathe normally

e Ifanother dose is required, repeat steps 1-11

e IfICSs are used, rinse mouth afterwards

DPIs: for patients >5-6 years old (caregiver should
determine if child canperform this technique correctly)

e Take the cap off (some do not have a cap)
e Follow the dose preparation instructions

Do not point the mouthpiece downwards once a dose

has been prepared for inhalation because the dose

could fall out

o Exhale slowly, as far as comfortable (to empty the
lungs). Do not exhale into the DPI

e  Start to inhale forcefully through the mouth from the
very beginning. Do not gradually build up the speed
of inhalation
Continue inhaling until the lungs are full
At the end of the inhalation take the inhaler out of
the mouth and close the lips. Continue to hold the
breath for as long as possible, or up to 10s

e  Breathe normally

e If another dose is required, repeat steps 1-8.

Follow up period

All the patients were properly examined after a period of
three months. The dose of usual care medication was
adjusted as per discretion of the treating physician. Five
patients were lost to follow up thus hundred patients were
analysed at the end of the study.

Statistical analysis

The data was reported as percentages and mean+SD for
categorical and continuous variables respectively. The
differences in the distribution of categorical variables
between study groups were compared by y2 test and
unpaired students t-test for continuous variable.
Regression analysis was applied to ascertain the
independent variables of faulty technique of inhalation. 2
tailed significance at value <0.05 was taken as
statistically significant. Data was analysed using Epi Info
version 3.4.3.

RESULTS

Baseline clinical characteristics of the study group: A
total of one hundred and forty patients were screened, out
of which one hundred and five patients were enrolled for
the study that fulfilled inclusion and exclusion criteria.
One hundred patients were analysed as five could not be
followed up. The mean age of the patients in years was
46.46+16.25. There was female predominance with
66.0% females. Majority of the patients (58%) lived in
rural areas and were housewives (52%). Most of the
patients (35%) belonged to class 111 of modified Prasad’s
BG socio-economic status classification of 2013. Majority
of the patients (73%) were diagnosed with asthma while a
small proportion (27%) out of the hundred patients was
diagnosed with chronic obstructive pulmonary disease
(COPD). The severity of asthma was of mild persistent
type in most of the patients (38.4%) among those
diagnosed with the disease. Among those diagnosed with
COPD, majority (51.9%) of the patients belonged to Stage
I11. Majority of the patients (73%) were using dry powder
inhaler (DPI) followed by a small proportion (17%) using
pressurised metered dose inhaler with  spacer
(pMDI+Spacer), while only 10% of the patients were
using pMDI alone. The duration of device use was less
than one year in most of the patients (45%). The educator
was the physician in the majority (63%) of the patients
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while the second largest proportion (29%) of the patients
was taught the method of inhalation by the hospital staff.

Inhaler technique assessment

The mean of ERS/ISAM task force report based score for
evaluation of the techniques of inhalation for the three
types of inhalers being used in our study came out to be
5.79+2.58 at baseline. After a follow up duration of three
months, this score was reassessed and its mean was
8.23+x2.41 which was highly significant statistically
(p<0.0001).

Table 1: Patients performing all steps of inhalation
technique correctly at baseline.

Type of No. of patients Total no. of
inhaler (percentage) patients
pMDI 0 (0%) 10
pMDI+Spacer 0 (0%) 17

DPlIs 9 (12.3%) 73

Table 2: Patients performing all steps of inhalation
technique correctly after intervention.

Type of No. of patients Total no. of
inhaler percentage patients
pMDI 1 (10%) 10
pMDI+Spacer 2 (11.7%) 17

DPlIs 20 (27.4%) 73

None of the patients using pMDI and pMDI+Spacer
device performed all steps of the inhalational technique
correctly at baseline while nine (12%) out of seventy three
patients using DPI performed all steps correctly at
baseline. After intervention, the percentage of patients
performing all steps correctly using pMDI, pMDI+Spacer
and DPI rose to 10%, 11.7% and 27.4%, respectively.
(Tables 1 and 2).

Table 3: Error committed at different steps of pMDIs by the patients.

Percentage (%0) of

Device: pMDIs  Detailed instructions on how to use No. of patients committing atients committing the
Steps No. the device the error Srror g
At After At After
baseline intervention baseline intervention
1. Shake four or five times if suspension formulation 7 3 70% 30%
2. Take the cap off 0 0 0% 0%
3 Erlme the inhaler (refer to the PIL for specific 0 0 0% 0%
instructions)
n :El;r(%asl)e slowly, as far as comfortable (to empty the 9 8 90% 80%
5. Hold the inhaler in an upright position 2 0 20% 0%
Immediately place the inhaler in the mouth 30%
6. between the teeth, with the tongue flat under the 7 3 70%
mouthpiece
7 Ensure that.the lips have formed a good seal with 7 3 70% 30%
the mouthpiece
8 Start to mhale slowly, throu_gh the mouth and at 10 9 100% 90%
the same time press the canister to actuate a dose
Maintain a slow and deep inhalation, through the
9. mouth, until the lungs are full of air. This should tal 8 6 80% 60%
an adult 4-5s
At the end of the inhalation, take the inhaler out 0 o
- of the mouth and close the lips . 3 0 b
Continue to hold the breath for as long as 0 0
1. possible, or up to 10 s before breathing out ! 90% 70%
12. Breathe normally 7 0 70% 0%
13. If another dose is required, repeat steps 4-12 10 9 100% 90%

The number and percentage of patients committing errors
at each step of inhalation with the inhalers used in our
study was also recorded both at baseline and after
intervention where we can see that the number of patients

committing error at each step of inhalation has reduced
(Tables 3, 4 and 5). Thus, we were able to find out the
most commonly erred step with the inhalers and how the
number of patients making that mistake reduced after
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systematic training (Tables 6 and 7). With pMDI, the step
which was most commonly performed incorrectly was
step number four of ERAS/ISAM task force report based

inhaled drug with inhalation. None of the patients (0%)
using pMDI could perform this step correctly at baseline
while 90% of the patients performed this step incorrectly

score that is about coordinating actuation of the dose of after three months that is after first intervention.

Table 4: Error committed at different steps of pMDIs+Spacer by the patients.

. — .
Dlal g Ies- +Spacer Detailed instructions on how to use the No. of patients PZtrii;rltsaggn(]rﬁi)tgL
b P device committing the error P g
Steps No. the error
At After At After
baseline intervention baseline intervention
1 fSOhra;TI;ejlgct)ili)rnor five times if suspension 13 11 76.5% 64.7%
2. Take the cap off 0 0 0% 0%
3 Prime the inhaler (refer to the PIL for specific 0 0 0% 0%

instructions)
Insert the mouthpiece of the pMDI into the
open end of the spacer and ensure a tight fit. If
4, a reverse flow spacer is used, insert the valve 6 3 35.3% 17.6%
stem of the pMDI into the port on the
mouthpiece of the spacer
Place the mouthpiece of the spacer in the
5. patient’s mouth with the teeth over the 7 4 41.2% 23.5%
mouthpiece and the lips sealed around it
Instruct the child to exhale slowly, as far as

0, 0,
2 comfortable (to empty their lungs) 16 10 94.1% 58.8%
Actuate one dose into the chamber of the
7 spacer and start to inhale slowly through the 10 6 58.8% 35 3%

mouthpiece. Some spacers will make a
whistling noise if inspiration is too fast
Maintain a slow and deep inhalation through
8. the mouth, until the lungs are full of air. This 12 8 70.6% 47.1%
should take a child 2—3s and an adult 5s

At the end of the inhalation, take the inhaler

0, 0,
S out of the mouth and close the lips 5 9 88.2% 52.9%
Continue to hold the breath for as long as @ .
1, possible for up to 10 s before breathing out ol &) e e
11. Breathe normally 6 2 35.3% 11.8%
12. If another dose is required, repeat steps 1-11 17 15 100.0% 88.2%
13. If ICSs are used, rinse mouth afterwards 16 14 94% 82.4%

The most commonly performed mistake while using
pMDI+Spacer was seen in step number ten of
ERAS/ISAM task force report based score which includes
breath holding for as long as possible for up to ten
seconds at the end of inhalation. None of the patients
(0%) performed this step correctly at baseline while after
intervention, 88% of those using pMDI+Spacer
performed this step incorrectly.

In the patients using DPI, the most commonly erred step
was number four of the ERAS/ISAM task force report
based score which requires the patient to exhale slowly
(as far as comfortable) to empty the lungs before

proceeding to start inhalation from the device. It was
noted that 87.6% of the patients using DPIs committed
this mistake at the outset while after training this
decreased to 72.6% of the patients using DPIs. The type
of inhaler being used emerged as the predictor of poor use
of the inhalers. The faulty technique being the dependent
variable/outcome could be explained 16% by the type of
inhaler used (r2 = 0.1607), and it came out to be
statistically significant (p<0.0001).

The  faulty technique being the  dependent
variable/outcome could be explained 1.5% by the
educator of the inhalation technique (r2 = 0.0147) but this
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was statistically insignificant (p=0.2300). So, the educator
could not be considered a predictor of poor handling of

55.69+14.16, 55.69+14.16 and 83.69+18.92, respectively.
These baseline pulmonary function test variables were

reassessed after three months of intervention that
increased to 65.42+11.08, 61.59+11.91, 56.97+13.71,
29.82+17.95 and 84.79+18.84 (p value non-significant).

inhalers.
Pulmonary function test

The mean SVC, FVC, FEV1, FEF 25-75% and
FEV1/FVC were 63.49+11.98, 60.48+12.71,

Table 5: Error committed at different steps of DPIs by the patients.

Device: No. of patients Percentage (%) of

DPIs Detailed instructions on how to use the device . patients committing the
committing the error

Steps No. error
At After At After
baseline intervention baseline intervention

1. Take the cap off (some do not have a cap) 0 0 0% 0%

2. Follow the dose preparation instructions in the PIL 0 0 0% 0%

Do not point the mouthpiece downwards once a
3. dose has been prepared for inhalation because the 10 4 13.7% 5.5%

dose could fall out
Exhale slowly, as far as comfortable (to empty the

4 lungs). Do not exhale into the DPI ek & S0 e
Start to inhale forcefully through the mouth from

5. the very beginning. Do not gradually build up the 58 40 79.5% 54.8%
speed of inhalation

6. Continue inhaling until the lungs are full 50 35 68.5% 47.9%
At the end of the inhalation take the inhaler out of

7. the mouth and close the lips. Continue to hold the 60 52 82.2% 71.2%
breath for as long as possible, or up to 10s

8. Breathe normally 3 1 4.1% 1.4%

9. If another dose is required, repeat steps 1-8 64 53 87.7% 72.6%

Table 6: Most commonly committed error in the DISCUSSION

inhalation technique at baseline.

Treatment guidelines for asthma and COPD focus
primarily on pharmaceutically based strategies, but little
committed No.of  Total no. attention is given to the manner inhalers are handled by
error instep  patients of patients the patients. The fact that the best drugs remain
no. ineffective if not deposited to the lung due to poor

' Commonly

Type of

inhaler

pMDI 8 10 10 inhalational technique is a matter of great concern.?® Fink
pMDI+Spacer 10 17 17 and Rubin estimated the annual direct loss due to
DPls 4 64 73 handling errors was huge, under the premise that 28%-

68% of patients use their inhalers incorrectly.?*

Table 7: Most commonly committed error in the

inhalation technique after intervention. This study was aimed at determining the effect of training

on handling of inhalers and thereby extrapolating the
positive effect to the clinical outcome of the patients
N Total measured by pulmonary function test.

patients 1@, 07

' Commonly
committed
error in step

Type of

inhaler

no. patients In our study, we found that training in the form of

‘pMDI 8 9 10 practical demonstration of the inhaler technique improved
pMDI+Spacer 10 15 17 the mean value of_scores achieved, which increased from
DPIs 4 53 73 5.79+2.58 at baseline to 8.23+2.41 at the end of the study.

This finding is in coherence with previous studies where
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it was seen that those who received inhalation instructions
in the past were more likely to inhale correctly.?%

The percentage of patients performing all steps of
inhalation correctly with pMDI, pMDI+Spacer and DPI
rose to 10%, 11.7% and 27.4%, respectively. This finding
is in coherence with a systematic review of inhaler
devices by Brocklebank et al which combined results
from studies of more than one inhaler type, and found that
maximum or “ideal” inhaler scores were attained by 59%
of subjects with DPIs, 43% with MDI alone, and 55%
with MDI plus holding chamber.?

Most commonly performed error in the inhalation
technique was in step number eight, ten and four by 100%
of patients using pMDI and pMDI with spacer and 88% of
the patients using DPI at baseline which decreased to
90%, 88% and 73% respectively at the same step after
intervention.

McFadden also specified that the most frequent MDI error
was failure to coordinate actuation with inhalation, also
known as “hand-breathing coordination,” followed
closely by too short a breath-hold. Other errors included
high inspiratory flow, not shaking the MDI prior to use,
and stopping to inspire when the MDI spray hits the
throat.”’

In our study, we found that the pulmonary function
variables improved but not to a significant extent over a
three months period. This highlights the fact that in
chronic conditions as asthma and COPD, drastic
improvement in lung function cannot be attained in a span
of three months and that patients need to be followed up
for a longer duration to see significant changes in their
lung function. There is definitely a trend towards
improvement in pulmonary function variables which can
be concluded from better performance at handling
inhalers thereby maximising the effect of topically
administered drugs. There are studies that have shown
that clinical outcomes have improved in patients with
asthma and COPD after systematic training of correct
methods of inhalation.?®?

The predictor for poor use was the type of inhaler in our
study (p<0.0001) as among the patients using pMDI, only
10% of the patients could perform all the steps of
inhalational technique correctly after intervention, 11.7%
of those using pMDI+Spacer device performed all the
steps correctly after intervention while 27.4% of DPI
users performed all the steps of the inhaler technique
correctly after intervention. Our study was supported by
some other studies where the type of inhaler was a
determinant of poor use.***

Repetition of training at regular intervals enhances the
technique of correct inhalation. This fact is also supported
by studies as a study by Kamps et al which demonstrated
that in newly referred children with asthma correct
inhalation technique with MDI and spacer improved from

78.6 to 100% after three instruction sessions.’ As
treatment of pulmonary diseases and inhaler therapy go
hand in hand, we can capitalize on the treatment being
provided by merely improving the method of inhalation
through proper training using a standard check-list and
repetition of the correct way at regular intervals. Also,
proper selection of the device as per the patient’s
preference can help in reducing errors in techniques of
inhalation, thus maximizing benefits of the prescribed
medication.

The limitations of this study were lesser frequency of
follow ups and short duration of the study where the
proper method could not be repeated time and again as we
know that the knowledge and practice of using the inhaler
wears away with time.

CONCLUSION

Inhaler techniques improved with systematic training and
there was a trend towards improvement in lung function,
hence the clinical condition.
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