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Introduction

Asthma and chronic obstructive lung disease (COPD) present a 
major public health burden worldwide.[1,2] Both environmental 
exposure and genetic predispositions play a role in their 
pathogenesis. Although significant advances have been made 
in therapeutics of  these diseases in the past few years, yet their 
incidence is consistently on the rise.[1,2] The inhaled route of  
medication has emerged as the most preferred one because 
of  its direct topical action and minimal systemic side effects.[3] 
But the efficacy of  inhaled treatment is largely dependent on 

the way these are used. Misuse of  the inhaler prevents the 
pharmacological agent from reaching the drug to its target, that 
is, the lungs.[4] Several types of  portable inhaler devices are being 
used nowadays. Broadly, they are metered dose inhalers (MDI), 
dry powder inhalers (DPI), or breath actuated inhalers. The 
amount of  drug getting deposited in the lungs depends on three 
main factors: the drug formulation (fine particle dose of  <5 µm 
reaches the lungs), the technical characteristics of  the device, and 
the ability of  the patient to handle and use the device properly.[5] 
With the MDIs, the drug is propelled out by a propeller and a 
slow and steady inhalation is required; it is better done with a 
spacer. Whereas in a DPI the drug is broken into <5 µm initially 
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and then followed by a forceful inhalation by the patient.[6] Breath 
actuated inhalers are somewhat in between the two devices. The 
patient generates a minimal inhalation flow rate which opens the 
one‑way valve and allows the drug to be carried into the airways. 
Here, the patient himself  can assess whether he has generated the 
minimal inspiratory flow rate or not.[7] Since all available devices 
require some patient skill, adequate training should always be 
imparted to patients regarding proper technique and handling of  
the device. This study aims to evaluate the impact of  rectification 
of  inhalation technique in patients with asthma and COPD. The 
impact was measured in terms of  (i) severity of  obstruction 
measured by forced expiratory volume in one second (FEV1) 
and (ii) quality of  life measured by Asthma Control Test (ACT) 
and COPD Assessment Test (CAT) questionnaire for patients 
with asthma and COPD, respectively.

Materials and Methods

This was a quasi‑experimental study carried out over a period 
of  1 year at All India Institute of  Medical Sciences, Bhopal, 
Madhya Pradesh, India. Prior institutional ethical clearance was 
obtained and informed patient’s consent was also taken from each 
patient before enrolment. Patients already diagnosed as asthma 
or COPD from outside our institution were initially enrolled. 
They were reconfirmed of  their diagnosis and classified on the 
basis of  severity after taking appropriate history and spirometry. 
Airway obstruction was classified as per American Thoracic 
Society/European Respiratory Society guidelines.[8] Children 
below 14 years of  age were excluded from the study.

As per Global Initiative Against Asthma guidelines, asthmatics 
were segregated into well‑controlled, partly controlled, and 
uncontrolled subgroups. The well‑controlled group did not 
need any intervention and uncontrolled ones required immediate 
stepping up of  treatment. Hence, they were excluded. The ones 
with partly controlled (74 in number) were further shortlisted. 
The inhalation technique was cross checked as per the guidelines 
laid down by National Asthma Council Australia.[9] Of  74, 
49 were found to have a faulty technique. These 49 patients 
filled the ACT questionnaire at 0 weeks first and were sent 
home after appropriate demonstration of  correct inhalation 
technique. Two of  them were lost to follow‑up and another two 
had exacerbation during these 4 weeks and hence were excluded. 
The remaining 45 had their spirometry and ACT questionnaire 
repeated after 4 weeks of  follow‑up and then compared with 
initial results [Figure 1].

Similarly, patients with COPD were also segregated into 
categories A, B, C, and D in order of  increasing severity as per 
Global Initiative Against Obstructive Lung Disease guidelines. 
Groups A and D were excluded as the former required no 
change in intervention and the latter needed immediate 
hospitalization/stepping up of  treatment. Of  62 patients with 
COPD in category B/C, 43 were found to have a faulty technique 
as per National Asthma Council Australia guidelines. These 
43 patients filled the CAT questionnaire at 0 weeks and were 

asked to follow‑up after 4 weeks. Three patients were lost to 
follow‑up and two had exacerbations during the 4 weeks. Final 
follow‑up analysis in terms of  repeat CAT questionnaire and 
spirometry at 4 weeks was done in 38 patients [Figure 1].

Statistical analysis
All analysis was performed using R software. Numerical variables 
were summarized by calculating mean and standard deviation and 
categorical variables as frequency and percentage. Paired t‑test or 
Wilcoxon signed rank test was used appropriately after checking 
assumption of  normal distribution (by Shaprio–Wilk test) for 
testing difference in FEV1, ACT, and CAT from baseline in 
patients with asthma and COPD separately. Box and Whisker 
plots were used for depicting difference. A P value less than 0.05 
was considered statistically significant.

Results

MDIs were used by 24 of  45 asthmatics (53%) and 12 of  38 (31%) 
patients with COPD. Stepwise assessment of  each patient was 
carried out. The most common error in both the subgroup of  
patients was that the MDIs were not being used along with a 
spacer (86% patients). The second most common error was not 
taking slow and steady breaths as required (58% patients). Other 
errors, for example, not shaking the MDI or removing the spacer 
in between, were also seen in some patients [Table 1]. Similarly, 
DPIs were used by 19 of  45 (40%) asthmatics and 26 of  38 (69%) 
patients with COPD. The most common error in DPIs was not 
taking a deep and forceful inspiration (60% patients) followed by 
not holding the breath for an adequate time (73% patients). Other 
errors were inappropriate sealing of  the device between lips and 
teeth, incomplete exhalation to start with, and so on [Table 2]. 
Two patients with asthma used a breath actuated inhaler both 
of  whom were generating a suboptimal inspiratory flow rate.

In asthmatics, the mean FEV1 improved from 2.0 to 2.15 L after 
4 weeks of  technique correction only [mean difference 0.15, 

Figure  1: Flowchart depicting the steps involved in enrolment of 
patients with asthma and COPD



Khurana, et al.: Correct inhalation technique in obstructive airway disease

Journal of Family Medicine and Primary Care 248 Volume 8 : Issue 1 : January 2019

95% confidence interval (CI): 0.11–0.20] with a P value <0.001. 
In addition, the mean ACT scores improved from 18.0 to 20.75 
(mean difference 3.0, 95% CI: 2.5–3.5) with a P value <0.001. 
In patients with COPD, the mean FEV1 improved slightly 
from 1.54 to 1.56 L after 4 weeks of  technique correction 
(mean difference 0.01, 95% CI: −0.01 to 0.03) with a P value 
0.280. In addition, the mean CAT scores improved from 21.86 
to 19.83 (mean difference −2.99, 95% CI: −4.0 to −2.0) with a 
P value <0.001 [Table 3]. Figures 2 and 3 depict the differences in 
ACT/CAT scores and FEV1 values, respectively, at 0 and 4 weeks 
in patients with asthma and COPD in Box and Whisker plots.

Discussion

The results from the study are really alarming. About 66% of  
partly controlled asthmatics and 69% of  patients with category 
C/D COPD had poor inhalation technique. Other similar 
studies have reported up to 50% prevalence of  poor inhaler 
technique.[9,10]

Aerosol mechanics
The mechanics involved in drug intake through these devices 
need to be thoroughly understood by every physician involved 
in prescription of  these inhaled drugs. Deposition of  aerosols 
in the lungs is controlled by three main laws of  aerosol 
kinetics.[11] (a) Inertial impaction: applicable for particles >8 µm 
in diameter which get deposited in the upper respiratory tract 
when the airstream is fast and changes direction. (b) Gravitational 
sedimentation: it is a time‑dependent process whereby particles 

1–8 µm in size settle down in smaller airways in the presence of  
a large cross‑sectional area and low flows. (c) Brownian diffusion: 
particles <1 µm in diameter remain suspended in the air and are 
expired out. All these principles become clinically relevant when 
the patients are advised appropriate instructions/steps [Table 1]. 
When an MDI is used without a spacer, only around 10% of  the 
drug reaches the small airways. The rest is deposited above the 
larynx because of  inertial impaction. Use of  a spacer not only 
increases this deposition to more than 50% by counteracting the 

Table 2: Stepwise assessment of patients using DPI
Steps assessed in DPI use Patients with asthma using DPI (n=19) Patients with COPD using DPI (n=26)

Correct usage Incorrect usage Correct usage Incorrect usage
1. Place the capsule in the chamber 18 1 24 2
2. Break the capsule by rotation or pressing 
depending on the type of  device

15 4 22 4

3. Hold the chamber upright correctly 17 2 23 3
4. Seal the mouthpiece into the lips and teeth 14 5 21 5
5. Breathe out gently 13 6 19 7
6. Take a deep forceful inspiration 7 12 11 15
7. Hold the breath for 8‑10 s 8 11 6 22
8. Remove the device from the mouth 19 0 26 0
DPI: Dry powder inhaler

Table 1: Stepwise assessment of patients using MDI
Steps assessed in MDI use Patients with asthma using MDI (n=24) Patients with COPD using MDI (n=12)

Correct usage Incorrect usage Correct usage Incorrect usage
1. Shake the inhaler well 18 6 9 3
2. Fit the inhaler into spacer 3 21 (did not use spacer) 2 10 (did not use spacer)
3. Seal the mouthpiece between the lips 18 6 6 6
4. Breathe out gently 19 5 8 4
5. Press the MDI only once 17 6 9 3
6. Take slow and steady breaths 4‑5 times 8 14 5 7
7. Do not remove the spacer in between 15 9 8 4
8. Remove the spacer 24 0 12 0
MDI: Metered dose inhaler

Table 3: Distribution of difference in FEV1 and 
ACT/CAT among patients with asthma and COPD

Variable Mean (SD) Median 
(IQR)

Mean difference 
with 95% CI

P

Asthma
FEV1

Baseline 2.00 (0.38) 1.98 (0.52) 0.15 (0.11 to 0.20) <0.001
4 Weeks 2.15 (0.40) 2.22 (0.61)

ACT
Baseline 18.00 (2.01) 18 (2.25) 3.0 (2.5 to 3.5)# <0.001
4 Weeks 20.75 (1.74) 21 (2.0)

COPD
FEV1

Baseline 1.54 (0.35) 1.57 (0.51) 0.01 (0.01 to 0.03)# 0.280
4 Weeks 1.56 (0.38) 1.59 (0.51)

CAT
Baseline 21.86 (4.05) 22 (4.75) ‑2.99 (‑4.0 to ‑2.0) <0.001
4 Weeks 19.23 (3.87) 19 (4.5)

SD: Standard deviation; IQR: Interquartile range; CI: Confidence interval; FEV1: Forced expiratory 
volume in one second; CAT: COPD Assessment Test; COPD: Chronic obstructive lung disease
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inertial impaction but also solves the problem of  hand–mouth 
co‑ordination.[11] Instructing the patient to hold a breath while 
using a MDI or a DPI makes use of  the principle of  gravitational 
sedimentation for maximal drug delivery. The principle of  
Brownian diffusion is not clinically relevant in drug delivery as 
the smallest particles (<1 µm) are expired as such.

Device selection and demonstration
At the initial encounter, appropriate device selection individualized 
for each patient is of  utmost importance. It is well proven that 
inhalation required through MDIs is slow with a lower flow 
rate (30 L/min), whereas inhalation needed through DPIs is 
fast with a higher flow rate (30–90 L/min).[12] The fact that 
26 of  38 patients with COPD having a mean age of  58.13 years 
were prescribed a DPI in our study clearly shows lack of  subject 
knowledge among physicians at this first step. In MDI usage, 
approximately 90% of  patients with asthma and COPD were 
not using a spacer along. It is well documented that using a 
spacer along overcomes the problem of  inertial impaction and 
increases the drug deposition from 10% (without spacer) to 50% 
(with spacer).[13] The next most common faulty step was not 
taking slow and deep breaths as required. In DPI usage, the most 
common faulty steps were lack of  forceful deep inspiration and 
breath holding. This not only prevents the drug to reach its target 
in lower airways but also deprives the patient of  the beneficial 
effect of  gravitational sedimentation.[11] Mere correction of  
inhalation technique significantly improved the quality of  life 
in terms of  ACT and CAT scores in patients with asthma and 
COPD in this study. In addition, severity of  obstruction (FEV1) 
was statistically improved in patients with asthma. These results 
clearly conveyed that demonstration of  correct technique is an 
inevitable and integral part of  inhaler prescription.

Patient education and the role of primary care 
physicians
Despite the fact that educating the patients about inhalation 
technique is an integral part of  treatment plan of  obstructive 
airway disease, this study clearly reflects that this component 
is missing grossly at primary healthcare settings.[14,15] Patient 

characteristics, namely, age, gender, level of  education, and 
concomitant emotional problems, have been variably associated 
with incorrect inhalation technique in previous studies.[16] The 
fact that simple correction of  inhalation technique significantly 
improves the quality of  life in both patients with patients asthma 
and COPD implies that this practical component of  treatment 
prescription needs far more emphasis than what is currently 
given. Primary care and family physicians can play a vital role 
in increasing the aderence to inhalation therapy in patients with 
patients asthma and COPD.[17] Various modalities in routine 
practice can positively influence patient outcomes in obstructive 
airway disease.
• Training of  healthcare providers themselves should be 

done before they are asked to educate the patients about 
the devices and their benefits.[18,19] A simple one to two 
session training programmes to family physicians can 
markedly improve the patient compliance by virtue of  
changing the physician attitude toward inhaler teaching and 
its proper implementation.[20] Considering the role of  general 
practitioners and primary care physicians in healthcare setting 
of  any country, large‑scale randomized control trials are 
underway to compare the patient outcomes based on the 
educational intervention of  general practitioners.[21] Better 
control of  the diseases at initial visits in primary health 
centers can not only be useful for better disease control in the 
patients but also reduce the burden of  emergency admissions 
at tertiary healthcare centers

• Giving optimal time to the patients so as to check their 
techniques completely and solve any queries of  the patients, 
if  they have. The techniques should be rechecked at frequent 
visits even if  they have been demonstrated at the initial visit. 
Patients do tend to forget the techniques and introduce new 
errors in due course of  time[22,23]

• Group instructions with the help of  multimedia devices can 
have a better impact on the patients’ understanding of  the 
disease and its management.[24]

Conclusion

We conclude that an overwhelming proportion of  patients with 
patients asthma and COPD unaware about the correct inhalation 

Figure 3: Box and Whisker plot depicting the difference achieved in 
FEV1 in patients with asthma and COPD at 0 and 4 weeks, respectively

Figure 2: Box and Whisker plot depicting the difference achieved in 
ACT and CAT scores in patients with asthma and COPD at 0 and 
4 weeks, respectively
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technique. Demonstration of  correct inhalation technique and 
repeated cross checking at follow‑up visits is an equally important 
part of  treatment prescription which should be encouraged by 
educating the patients by the use of  multimedia devices or group 
sessions.The role of  primary care and family physicians can be 
crucial as their intervention at the primary health care setting can 
be instrumental in decreasing the morbidity of  these diseases.
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