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BACKGROUND: Pressurized metered-dose inhalers (pMDIs) are among the most commonly used
aerosol delivery devices. Poor lung deposition from a pMDI is often a result of incorrect inhalation
technique. The aim of this study was to compare the impact of combining a newly released training
device with a smartphone application (advanced counseling) in asthma control to the impact of
traditional verbal training. METHODS: A total of 371 subjects with asthma were divided into
2 groups: advanced counseling (n � 187) and verbal counseling (n � 184). Both groups had 3 visits,
each meeting being a month apart. At each visit, lung function (ie, FEV1, ratio of FEV1 to forced
vital capacity [FEV1/FVC], and peak expiratory flow) were measured, an asthma control test was
given, and subjects were trained in the correct inhalation technique. Inhalation flow through the
pMDI was also recorded at each visit because the correct pMDI technique requires an inspiratory
flow of < 60 L/min. RESULTS: In the advanced counseling group, lung function significantly
improved after both the first and the second visit (P < .001), whereas in the verbal group, lung
function improved significantly only after the second visit (P < .001). Although the inspiratory flow
through the pMDI improved significantly in both groups, it was closest to the target range in the
advanced counseling group. In addition, more subjects in the advanced counseling group had
monthly increases of > 3 points in their asthma control test scores compared to the verbal coun-
seling group. CONCLUSIONS: The use of a training device with a smartphone application in
conjunction with traditional verbal counseling in pMDI technique resulted in significant improve-
ments in asthma control compared to traditional verbal counseling in pMDI technique alone. Key
words: pMDI; salbutamol; asthma; total emitted dose; counseling; asthma control. [Respir Care
2020;65(3):326–332. © 2020 Daedalus Enterprises]

Introduction

The pressurized metered-dose inhaler (pMDI) is one of
the most commonly used aerosol-generating devices, and
it has a high degree of suitability for many patients due to
its portability and multi-dosing system.1 The major draw-

back to pMDI-delivered therapy is suboptimal inhalation
technique, which is the result of a lack of coordination
between the patient’s inhalation and the aerosol discharge
from the device.2 Effective patient education about correct
pMDI inhalation technique is an urgent requirement be-
cause � 10% of patients use their pMDI correctly.3-5 Tra-
ditional verbal training includes 11 steps to ensure the
correct use of the pMDI (Table 1),4,5 most of which, in
theory at least, are easily executed by the patient and easily
checked by the trainer. These include shaking the device,
exhaling before inhalation of the aerosol, and positioning
the pMDI in the patient’s mouth.4 Unfortunately, teaching
the correct pMDI technique via verbal instruction at chest
clinics and to elderly patients is inadequate for correcting
coordination errors.3,4

Inhaling the emitted aerosol slowly and deeply for at
least 5 s is a critical step in pMDI use because fast inha-
lation reduces lung deposition and increases oropharyn-
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geal deposition of the drug.6 Hence, fast inhalation reduces
the efficacy of the pMDI and results in poor disease con-
trol.7-9 Optimal lung deposition of the emitted drug is
achieved at an inspiratory flow through the pMDI of 30–
60 L/min; however, basic verbal counseling cannot ensure
that the patient inspiratory flow through the pMDI is within
this range.3,4

Counseling conducted on a regular basis enhances ther-
apy outcomes and improves the control of obstructive lung
diseases.10,11 The effect of counseling on asthma control
can be monitored by measuring lung function and with the
Asthma Control Test (ACT).4,12,13 New training devices
have been introduced to aid the counseling process by
addressing the inspiratory flow through the pMDI, which
is the most important drawback of the inhalation tech-
nique. These training devices can be considered as an
add-on device to traditional pMDI verbal counseling; they
provide guidance to the patient by producing an audible
sound when the inspiratory flow through the pMDI is in
the required range. Duration of inhalation is also important
to ensure the delivery of a high portion of the emitted dose
to the lungs. A newly available smartphone application
could solve this by determining the duration of correct
inhalation flow.

In this study, we sought to compare the effect of tradi-
tional verbal counseling on the control of asthma to the
effect of advanced counseling, which included the use of
a training device and a smartphone application, on the
basis of spirometry and ACT scores.

Methods

A total of 371 out-patients (215 females) with asthma
were recruited into the study. One hundred eighty-
four subjects (102 female) were randomized to the verbal

counseling group (control group), and 187 subjects (113 fe-
male) were randomized to verbal counseling plus the use
of a pMDI training device (advanced counseling group),
which consisted of the Trainhaler CR plus Flo-Tone CR
(Clement Clarke International, Harlow, United Kingdom)
and the Trainhaler Buddy smartphone application (Clin-e-
cal, Manchester, United Kingdom). The study was con-
ducted in accordance with national and institutional ethical
standards for research. Ethical approval for this study was
obtained (REC-H-PhBSU-18001).

Patients were excluded if they had any neurological
condition that could affect their learning ability, were med-
ically unstable, or were unable to perform the pulmonary
function tests correctly after training. All subjects recruited
into the study had been previously prescribed a pMDI
containing short-acting bronchodilators plus inhaled cor-
ticosteroids; some subjects were receiving short-acting
bronchodilators without corticosteroids, and a small pro-
portion of subjects were receiving montelukast tablets in
addition to the pMDI.

All subjects attended 3 clinic visits, with each visit
1 month apart, and each subject received verbal counseling
on how to use the pMDI at each visit. Verbal counseling
consisted of the 11 steps shown in Table 1. All subjects
performed 3 pulmonary function test maneuvers using a
spirometer (One Flow; Clement Clarke International) be-
fore starting the training session, and the highest record
was taken. Subjects were then asked to show the investi-
gator their pMDI inhalation technique using an empty in-
haler. The investigator noted any errors performed by the
subjects and then educated them in the correct inhalation

QUICK LOOK

Current knowledge

Poor lung deposition of medication from a pMDI in
patients with obstructive lung disease is largely the re-
sult of incorrect inhalation technique. Verbal counsel-
ing and training in the correct inhalation technique is
known to improve aerosol deposition, but most patients
still do not receive an adequate dose.

What this paper contributes to our knowledge

The addition of a training device and a smartphone
application to traditional verbal counseling resulted
in significant improvements in lung function and
asthma control compared to traditional verbal coun-
seling alone. Greater improvements in Asthma Con-
trol Test scores were also observed in the advanced
counseling group compared with the verbal counsel-
ing group.

Table 1. Steps in Correct Inhalation Technique With pMDI

Step 1. Remove the pMDI protective cap.
Step 2. Shake the pMDI before use.
Step 3. Exhale smoothly as far as comfortable.
Step 4. Put the mouthpiece of the pMDI between your teeth and cover

it with lips.
Step 5. Ensure that your tongue does not block the pMDI mouthpiece.
Step 6. Press the inhaler at the start of inhalation to emit the dose.
Step 7. Maintain a slow inhalation rate until your lungs are filled.
Step 8. Remove the pMDI from your mouth and hold your breath for

5–10 s.
Step 9. Wait for � 30 s before taking another aerosol dose, if more

than a single dose is needed.
Step 10. Rinse your mouth and brush your teeth.
Step 11. Replace the cap on the pMDI.

pMDI � pressurized metered-dose inhaler
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technique by demonstrating all of the steps using an empty
pMDI.

In addition to verbal counseling, the advanced counsel-
ing group received the training device and smartphone
application. They were trained to inhale from the training
device at an inspiratory flow that produced the sound of a
whistle from the device, which signaled proper inspiratory
flow through the pMDI ; subjects were asked to maintain
the whistle sound for at least 5 s. The smartphone appli-
cation recorded the duration of correct inhalation flow
according to the tone produced by the training device.
Subjects continued to use the training device between vis-
its. At the end of the training session, all subjects received
2 puffs of salbutamol (Ventolin pMDI; GlaxoSithKline,
Philadelphia, Pennsylvania) at a nominal dose of 100 �g
salbutamol per puff. The pulmonary function test was re-
peated 15 min after administration of the bronchodilator.
At each visit, the percent of predicted FEV1 was measured
before and after receiving salbutamol, and the number of
correct achievements of the pMDI technique steps was
also recorded.

Subjects were told not to take medications such as the-
ophylline, long-acting �2 agonists, short-acting �2 ago-
nists, or short-acting anticholinergics before the training
visit for periods of 24 h, 12 h, 6 h, and 8 h, respectively,
to avoid interference with spirometry measurements.

At the first visit, baseline readings for spirometry and
the number of errors in each step were recorded, and in-
spiratory flow through the pMDI was measured with an
inspiratory flow meter (Clement Clarke International).
These measurements were repeated at the next 2 visits.
Each subject also completed the ACT at each visit, which
consists of 5 questions on activity limitation, shortness of
breath, waking up as a result of symptoms, need for extra
bronchodilators, and self-evaluation of asthma control. Sub-
jects rate each of these on a scale of 1 to 5 (where 1 is not
controlled at all and 5 is highly controlled). The Asthma
Control Score is the sum of all the scores. In this study, the
Asthma Control Score was used to determine whether con-
trol had improved between visits.

Statistical Analysis

Analysis of results was performed using the Student
t test for between-group and within-group comparisons. A
repeated measure analysis of variance test with least sig-
nificant difference correction was used to compare the
effect of treatment throughout the 3 visits and between
groups. Chi-square test was used for analysis of the correct
achievement of each training step between both groups
(SPSS 23, SPSS, Chicago, Illinois).

Results

The mean � SD ages of subjects in the verbal counsel-
ing and advanced counseling groups were 45 � 9.7 y and
49 � 8.4 y, respectively, and the mean � SD heights were
165 � 12.6 cm and 171 � 10.2 cm, respectively.

The mean values for lung function, inspiratory flow,
and Asthma Control Score and the mean number of correct
achievements are presented in Tables 2 and 3 and the
figures. Lung function results (FEV1%, FEV1/FVC, and
peak expiratory flow percent of predicted) were signifi-
cantly (P � .001) improved at the second and third clinic
visits compared to the first visit for the advanced counsel-
ing group. Significant (P � .001) improvements in the
verbal counseling group were seen at visit 3 compared to
visit 1 (Table 2 and Fig. 1), but there was no improvement
at visit 2 compared to visit 1. However, the change in
FEV1% was significant (P � .05) between visit 1 and
visit 2, but this was not significant between visit 2 and
visit 3 for the verbal group (Table 2).

The number of correct achievements of inhaler tech-
nique steps was significantly (P � .001) increased after
each visit, but the number of subjects who achieved step 7
correctly was significantly higher (P � .001) in the ad-
vanced counseling group (Table 2 and Fig. 2). ACT and
inspiratory flow through the pMDI improved significantly
(P � .001) in both groups at visit 2 and visit 3 compared
to visit 1. ACT scores in the advanced counseling group
were significantly (P � .001) better than that of the verbal
group at visit 2 and visit 3, but there was no significant
difference between the 2 groups at visit 1 (Table 2 and Fig.
3). In addition, inspiratory flow through the pMDI in the
advanced counseling group improved significantly more
than in the verbal counseling group at visit 2 and visit 3,
while it was significantly (P � .001) worse than that in the
verbal counseling group at the first visit (Table 2 and
Fig. 4).

The percentage of subjects with an ACT Score that
improved by 3 or more points after 1 month was higher in
the advanced counseling group (52.5%) than in the verbal
counseling group (34.8%). In the second month, this in-
creased to 67.9% and 49.5% for the advanced counseling
and verbal counseling groups, respectively (Table 2 and
Fig. 5).

Discussion

Overall, the use of a pMDI training device and a smart-
phone application in conjunction with traditional verbal
counseling reduced the frequency of inhaler technique er-
rors. This combination significantly improved all of the
studied parameters compared to traditional verbal coun-
seling alone. These improvements resulted in a gradual
improvement in pulmonary function. This is very impor-
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tant for obstructive lung disease patients because disease
control is the main target for asthma therapy.14 The inabil-
ity of patients to use their pMDI properly, as reflected by
poor inhalation technique, has a great impact on disease
control.15 It is estimated that up to 94% of such patients
fail to use their pMDI correctly, compared to 84% of
patients who fail to use dry powder inhalers correctly.5,16-18

Previous research has highlighted the need for training
and education to improve aerosol therapy in patients.3,4

Training subjects to use a pMDI correctly through verbal
counseling had a significant effect on asthma control; how-
ever, a large percentage of subjects failed to maintain the
correct inhalation technique and could forget their training
days after counseling.4,5,19 The results of our study were
consistent with these findings, as shown by the lower num-
ber of subjects with improved asthma control (expressed
as the percentage of subjects with increases of �3 ACT
points12,13) in the verbal counseling group compared to the
advanced counseling group.

Improving the ACT score is an indicator of the control
of asthma as evidenced by reduced limitations in daily
activity, reduced need for medication, and less frequent
asthma symptoms. The significant improvement of ACT
noted in the advanced counseling group compared to the
verbal counseling group could be due the unlimited access
to the training device and smartphone application at home.
This allowed subjects to check and correct their inhalation
technique whenever they wished, rather than only at coun-
seling sessions.

Alternative standardized tools to the ACT for the as-
sessment of asthma control (eg, the Asthma Control Ques-
tionnaire) have been released. The purpose of these tools
is to measure the effect of counseling in the short term.
They have different scoring systems and a different num-
ber of evaluating questions; however, the ACT has been
reported to have greater power to determine levels of con-
trol of asthma compared than the Asthma Control Ques-
tionnaire.20

Differences in the percent of predicted FEV1, percent of
predicted peak expiratory flow, and FEV1/FVC from visit 1
to visit 2 were significant (P � .001) for the advanced
counseling group but not for the verbal counseling group.
This indicates that using a training device and a smart-
phone application in conjunction with verbal counseling
can, potentially, rapidly enhance asthma control. Signifi-
cant improvements (P � .001) in the verbal counseling
group started to appear by the third visit.

The mean number of correct achievements of inhalation
technique steps increased significantly (P � .001) in both
groups, with overall higher percentages in the advanced
counseling group. The main differences were noted in step 6
(in which the subject starts inhaling at the same time as
pressing the pMDI) and in step 7 (in which the subject
must inhale slowly). The advanced counseling group gainedT
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a significantly better (P � .001) number of correct achieve-
ments compared with the verbal counseling group.4 Some
steps were completely correct from the first visit because

Visit 1 Visit 2 Visit 3
0
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C
or

re
ct

 p
M

D
I t

ec
hn

iq
ue

 (n
o.

) Verbal training Training device

Fig. 2. Mean � SD number of correct pMDI technique achieve-
ment in each group at each visit. pMDI � pressurized metered-
dose inhaler.

Table 3. Correct Performance of Inhalation Technique With pMDI

Verbal Counseling Advanced Counseling

Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3

Step 1. Remove the pMDI protective cap. 100 100 100 100 100 100
Step 2. Shake the pMDI before use. 57 84 98 49 94 98
Step 3. Exhale smoothly as far as comfortable. 14 61 83 9 58 86
Step 4. Put the mouthpiece of the pMDI

between your teeth and cover it with
lips.

23 84 100 25 92 100

Step 5. Ensure that your tongue does not
block the pMDI mouthpiece.

41 89 100 35 91 100

Step 6. Press the inhaler at the start of
inhalation to emit the dose.

7 64 91 12 72 96

Step 7. Maintain a slow inhalation rate until
your lungs are filled.

0 52 74 0 71 92

Step 8. Remove the pMDI from your mouth
and hold your breath for 5–10 s.

37 92 100 29 96 100

Step 9. Wait for � 30 s before taking another
aerosol dose, if more than a single
dose is needed.

43 87 98 51 95 99

Step 10. Remove your mouth and brush your
teeth.

17 61 86 12 49 89

Step 11. Replace the cap on the pMDI. 100 100 100 100 100 100

Data are presented as % values.
pMDI � pressurized metered-dose inhaler

Visit 1
before

FE
V 1
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1.0
Verbal training Training device

Visit 2
before

Visit 3
before

Visit 1 after Visit 2 after Visit 3 after

Fig. 1. Mean � SD FEV1/FVC % in each group before and after each visit.
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1

6

11

16

21

26
Verbal training Training device

Fig. 3. Mean � SD results of the Asthma Control Test (ACT) in
each group at each visit.
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they were easy and logical to perform (eg, step 1 is to
remove the pMDI protective cap, and step 11 is to replace
the cap).5,8,17,18

Errors in technique that patients exhibited have been
investigated extensively and support the role of verbal
training in improving overall technique, especially if the
counseling is performed frequently.10,21,22 However, the
effect of using the training device and smartphone appli-
cation in conjunction with verbal counseling, as in our
study, on reducing the number of errors committed by the
subjects reflect their importance for improving inhalation
technique.

Patient inhalation flow is the cornerstone of patient train-
ing and the focus of many training devices. For this rea-
son, we recorded inspiratory flow through the pMDI in
both groups at each visit. A significant (P � .001) change
in inspiratory flow through the pMDI was detected for
both groups; however, at the second and third visits, the
inspiratory flow through the pMDI was significantly
(P � .001) lower (better) and more often within the target
range for the advanced counseling group than for the ver-
bal counseling group. This difference could explain the
significant overall improvement in the advanced counsel-
ing group, especially because the slow flow was main-
tained for at least 5 s as monitored by the smartphone
application linked to the training device. The training de-
vice and the smartphone application added a sense of con-
tinuity to the counseling and were particularly useful in
helping subjects maintain the correct inhalation technique
in step 7 of the inhalation technique (ie, maintain a slow
inhalation flow while completely filling the lungs).

In this study, the combination of acoustic feedback (ie,
the whistle from the training device) and visual feedback
(ie, looking at the smartphone application) helped subjects
in the advanced counseling group improve their inhalation
technique. This strongly suggests that redesigning the pMDI
(or retrofitting a whistle to existing pMDIs to provide
acoustic feedback) and linking the device to a smartphone
application might help patients constantly check their tech-
nique.

Limitations of the Study

The inclusion of only asthmatic subjects could be con-
sidered a limitation of this study. This was done to reduce
the anticipated degree of between-subject variation with
the inclusion of subjects with other obstructive pulmonary
diseases. In addition, even though the Asthma Control
Questionnaire has been demonstrated to be less effective
than the ACT,20 it may provide a better reflection of the
effect of counseling in the short term because it is com-
pleted within 1 week compared to within 1 month for the
ACT.

Conclusions

The use of a training device and smartphone application
in conjunction with verbal counseling had a number of
advantages over traditional verbal counseling alone. Sub-
jects in the advanced counseling group were quicker to
make improvements in the more difficult actuation-inha-
lation and slow, deep inhalation steps, and overall they
made fewer errors in the inhalation technique. Further-
more, these subjects benefited from a gradual improve-
ment in pulmonary function and improved asthma control
compared to the group that had verbal counseling alone.
We recommend adding a training device and smartphone
application to continuous verbal counseling to help pa-
tients deliver their inhaled dose properly.
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