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Background: Poor pressurized metered dose inhaler (pMDI) technique is prevalent, which will diminish
treatment gains. In a two-visit study, two novel pMDI training devices with feedback mechanisms; Trainhaler
(THR) and Flo-Tone CR (FT'CR), were evaluated alongside the traditional verbal inhaler training (VT) in
asthma outpatients.

Methods: On visit 1, 18-60 year-old asthmatics with incorrect pMDI use [including peak inhalation flow
(PIF) >60 L/min] signed consent and baseline pMDI technique, lung function, asthma control and quality-
of-life were measured. Participants were randomized to receive pMDI technique training using VT, THR
or FTCR. One hour post-training, the pMDI coordination and PIF were re-assessed. The THR and FTCR
patients were given their assigned tools to take home to facilitate regular training. All outcomes were re-
evaluated 6-8 weeks later (visit 2).

Results: Ninety-two asthmatics completed visit 1 (46 attended visit 2). Pre-training, 61.3% (VT), 61.5% (THR)
and 65.0% (FTCR) patients similarly made >2 pMDI errors with mean PIFs 175.2, 187.1 and 158.9 L/min,
respectively. pMDI use was significantly improved 1 h post-training. The subjects that completed visit 2 had
significantly, yet equally, maintained the improved inhaler use; only 28.0% (VT), 26.2% (THR) and 21.7%
(FTCR) patients made >2 pMDI errors with PIF improvements; 115.3, 94.6 and 96.1 L/min, respectively.
Clinical outcomes remained comparable.

Conclusions: VT improves the overall pMDI technique, however patients gradually forget their VT. The
THR and FTCR devices are retained by the patients as their self-monitoring, all-time personal trainers that

boost and maintain their VT between routine clinic visits.
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Introduction

Asthma, an obstructive lung condition, is a burden on
both healthcare systems and societies worldwide (1). The
prevalence of asthma has increased by 4% in adults over a
20 year period (2). The patients’ poor- or non-adherence to
their inhaled therapeutic regimens can lead to catastrophic
clinical and socioeconomic consequences (3,4). It has
been reported that non-adherence in chronic obstructive
pulmonary disease (COPD) and asthma patients is high
(3,5). The root cause is complex and multifactorial in nature
that can be broadly associated with patient, society and
treatment aspects (4). This latter aspect covers the methods
of administration (including multiple inhaler prescriptions,
correct inhaler technique and training), dosing regimens
and adverse effects (4).

A correct pressurized metered dose inhaler (pMDI)
technique is critical to deliver the inhaled dose to its
pharmacologic site in the lung periphery (6,7). For adequate
lung deposition, it is crucial for patients to coordinate the
start of a slow and deep inhalation flow with the pMDI
canister actuation (known as hand-lung coordination)
and to follow that with a few seconds of breath holding
(8-10). However, the majority of patients perform these
two critical pMDI manoeuvres poorly (8,11-13) with fast
peak inhalation flow (PIF) through the inhaler (13,14).
This would, accordingly, maximize the oropharyngeal
and central lung depositions increasing the risks of either
over- or unnecessary use of inhaled medicines including
corticosteroids (15).

Owing to differences in study design, 12-93% of the
patients have been reported to make critical pMDI technique
errors, and 45.7-100% had overall pMDI use issues (16).
Poor inhaler technique among patients is prevalent and,
despite various traditional training approaches, has not
improved over the past four decades (11). Educational
interventions on correct inhaler use—including verbal
inhaler training (VT)—are effective for the short term
only (17). In real-life, the VT which patients might receive
during their routine clinic visits deteriorates gradually with
time at rates related to the patients’ abilities to digest and
recall the VT, treatment non-adherence and the frequency
of the VT sessions (8). Additionally, poor healthcare
professionals’ (HCPs) knowledge and competency in correct
inhaler use may impair their ability to adequately assess and
train their patients in the use of their inhaled products (18).
Inhaler technique training devices designed with a feedback
mechanism that informs of a correctly performed inhalation
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manoeuvre can be a step forward in helping both HCPs
and patients optimize and monitor their inhaler handling
(10,13,14,19).

Trainhaler® (THR), Clement Clarke International Limited,
UK (CCI), is a recent pMDI training tool (Figure 14). When
a patient is trained with the THR, it produces two audible
feedback sounds; a “whoosh” noise mimicking that of a real
puff released from an actuated pMDI and a whistle sound
when the correct, slow inhalation flow through the THR
is achieved. Patients are then instructed to simulate the
THR training when using their real therapeutic pMDI.
Additionally, CCI has also developed the Flo-Tone® CR
(FTCR) as both a mini-spacer and pMDI training tool
(Figure 1B). Once attached to the mouthpiece of the inhaler,
the FTCR produces a whistle sound once the patient starts
a slow inhalation through the pMDI giving the feedback
signal to actuate the puff. The patient is trained to keep the
whistle sound going throughout a slow and deep inhalation
via their “pMDI plus FTCR” setup. The present work
aimed to compare the traditional pMDI VT with the novel
THR and FTCR tools in adult patients with asthma. The
short- (immediate) and long-term reflections of the three
inhaler training approaches on the pMDI technique and
inhalation were primarily evaluated alongside various
secondary clinical and health outcomes.

Methods

A prospective, investigational, parallel-group, two clinic-
visit, randomized study was conducted to assess the
conventional verbal pMDI technique training (V')
approach against the two recently introduced pMDI
training tools; the THR and FTCR, in outpatient adults
with asthma. The relatively short- and long-term impact on
the participants’ overall 11-step pMDI technique (Figure 2)
with emphasis on the critical hand-lung coordination
manoeuvre including a slow and deep inhalation profile
through the pressurized inhaler were the primary study
outcomes. Whilst, changes in the patients’ lung function,
asthma control and quality-of-life were the secondary
clinical measures. The study involved two clinic-based visits
for each recruited patient, with a 6-week gap (+2 weeks
window) between these visits.

Eighteen to 60 year-old patients with stable asthma, who
were originally prescribed and using pMDI therapy (without
a spacer device) including a corticosteroid inhaler for at
least three months prior to enrolment, and had poor pMDI
use (defined as a poor hand-lung co-ordination with a
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Figure 1 The THR (A) and FTCR (B) pMDI technique trainers. THR, Trainhaler; FT'CR, Flo-Tone CR; pMDI, pressurized metered dose

inhaler.

1) Remove the cap from the mouthpiece.

2) Shake the mhaler.

3) Breathe out slowly, as far as comfortable to empty your lungs.

4) Place the mouthpiece of the inhaler between vour lips.

5) Close vour lips around the mouthpiece creating a seal.

6) Start to breathe in slowly, through your mouth and immediately press the

aerosol canister to release a dose (puff).

7) Breathe in slowly until your lungs are full of air (as far as you can), the breath
in step should take vou about 5 seconds.

8) Remove the inhaler from your mouth and seal your lips.

9) Hold your breath for 10 seconds.

10) Breathe out slowly.

11) Repeat steps 1 to 10 after 30 seconds if another dose is necessary.

Figure 2 The 11-step pMDI technique. pMDI, pressurized metered dose inhaler.

PIF >60 L/min) were eligible to participate in this research.
Subjects were excluded if they had an acute asthma
exacerbation or had received oral corticosteroid treatment
one month prior to recruitment, had other health conditions
adversely affecting their respiratory system or affecting their
ability to use their pMDI, the THR or the FTCR tools
by themselves. Patients were also excluded if they had any
hearing issues making them unable to recognize the audible
feedback of the THR and FTCR. Screened patients with
adequate pMDI use including PIFs <60 L/min through
their inhalers were excluded from participation. Eligible
patients that agreed to take part signed an informed consent
for this research.

On visit 1, the age, gender, height, lung function
[forced expiratory volume in 1 second (FEV))] and asthma
medications of each participant were taken. Each subject
was then asked to complete both Juniper’s Asthma Control
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Questionnaire (ACQ) (20,21) and Mini Asthma Quality
of Life Questionnaire (mini-AQLQ) (22). The participant
was then asked to demonstrate their usual pMDI technique
using a placebo inhaler (baseline inhaler use) which was
checked against the 11-step technique. Afterwards, the PIF
(L/min) through pMDI was measured using the In-Check®
flow meter (CCI). The participants were sequentially
randomized into the VI, THR or FTCR groups according
to a pre-study randomization list that was created online
in which the three inhaler training approaches were
distributed randomly in balanced blocks of six (Sealed
Envelope Ltd. Create a blocked randomisation list.
Available from: https://www.sealedenvelope.com/simple-
randomiser/v1/lists). The VT subjects were verbally trained
on the correct pMDI steps described in Figure 2. The THR
and FTCR subjects received the pMDI technique training
(Figure 2) by practicing their assigned inhaler training
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device according to the manufacturer’s leaflet instructions.
The VT, THR and FTCR training at visit 1 continued as
described above until all subjects adequately demonstrated
the correct pMDI technique including a PIF <60 L/min. To
evaluate the short-term inhaler training effect, pMDI hand-
lung coordination and PIF were assessed about 1 hour later
before the subjects were discharged until the second visit.
The THR patients were given their THRs to take home to
practice with 2-3 times a day just before taking their pMDI
therapy. Whilst, in FT'CR group the tools were attached to
the patients’ therapeutic pMDIs to take home and use while
connected with their inhalers.

On visit 2, each participant demonstrated their own
pMDI technique using a placebo inhaler (checked against
the 11-step technique) and had their PIF through the
pMDI measured. FEV, was evaluated. The ACQ and mini-
AQLQ were also completed. The participant’s asthma
medications over the study follow-up period were checked
for and the reason for changes, if any, was obtained before
the subjects were discharged from the study. To minimize
inter-individual variability, one well-trained, experienced
researcher (R.J.A.) did take/measure all the study outcomes
for all the participants on the two study occasions.

The research protocol was initially approved by the
Research Ethics Committees at the Jordan University
Hospital (Ref: 10/2015/1523) and at the Ministry of Health
(Ref: MOH-REC-150131), Amman, Jordan. The study was
conducted according to the Helsinki Declaration and Good
Clinical Practice {CH/GCP) Guidance and its updates.

Statistical analyses

The statistical analysis was carried out using the Statistical
Package for Social Sciences software (IBM SPSS for
windows, Version 20). Descriptive statistics were presented
as mean (standard deviation), median (25%; 75% quartiles),
and frequencies and percentages, as appropriate. Parametric
and normal distribution behaviour of the study data were
firstly checked for using histograms and Kolmogorov-
Smirnov and Shapiro-Wilk tests before choosing the
appropriate comparative statistical test. Comparisons
within the same study group were performed using the
related (paired)-samples #-test (for parametric data) and
the Wilcoxon test (for non-parametric data). Comparisons
between the VT, THR and FT'CR groups (at either visit 1
or visit 2) were performed using the independent-sample
t-test (for parametric data) and the Mann-Whitney U test
(for non-parametric data). A P value <0.05 was considered
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statistically significant for any difference.

Results

Two hundred and twenty-four stable asthmatic adults
were screened in the outpatient clinics involved with this
study. Ninety-two eligible subjects agreed to sign informed
consent forms and completed visit 1 procedures. The
participants were randomized into the VT (n=33), THR
(n=24) and FTCR (n=35) pMDI training groups. The
patients were screened and randomized into the study
sequentially. Tzble 1 summarises their demographics, lung
function (FEV, % predicted) and asthma severity. Pairwise
comparisons showed no significant differences (P>0.05) in
the participants’ age and height between the study groups
(Mann-Whitney U test), however the FT'CR patients were
significantly (P<0.05) older than THR patients; mean
44.7 and 36.0 years, respectively. The number of female
participants was higher than that of the male ones. Forty-six
patients attended the second study visit; VI' (n=15), THR
(n=13) and FTCR (n=18). No changes in the participants’
asthma medications were noticed throughout the study.

Tuble 2 presents the short-term inhaler training impact
on the PIF (L/min) through the pMDI during visit 1. The
between-group PIF comparisons (the Mann-Whitney
test) showed that the VT, THR and FTCR groups had
statistically comparable (P>0.05) baseline (pre-training)
PIF via pMDI. One hour post-training, the VT group had
similar (P>0.05) PIF to that of both the THR and FTCR
groups. Whilst, the FT'CR subjects had statistically lower
PIF through pMDI than the THR subjects (Mann-Whitney
U =283.0; z-statistic =-2.1, P=0.032). Additionally, Table 2
presents the within-group changes (A) in PIF pre- and 1
hour post-inhaler training alongside their Wilcoxon test
statistical significance.

For the long-term impact of the inhaler training
methods on the PIF through the pMDI, the Wilcoxon
test showed that the decrease in mean PIF between visit
1 (165.0£80.2) and visit 2 (115.3+77.5) within the VT
group (n=15) was statistically significant: z-statistic =-3.3
(P=0.001). Within the THR (n=13), the decrease in mean
PIF between visit 1 (190.0+74.4) and visit 2 (94.6+32.0)
was statistically significant: z-statistic =-3.0 (P=0.003). For
the FT'CR (n=18), the decrease in mean PIF between visit
1 (159.4+84.3) and visit 2 (96.1+48.0) was also statistically
significant: z-statistic =-3.3 (P=0.001). The pairwise
between-group Mann-Whitney U test comparisons of the
PIF for the participants that completed the two visits have
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Table 1 Participants’ demographics and lung function
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Study group
Characteristics All patients (n=92)
VT (n=33) THR (n=24) FTCR (n=35)

Age, mean (SD), years 42.3 (11.4) 36.0 (13.7) 44.7 (14.6) 41.6 (13.6)
Sex (male/female) 9/24 9/15 6/29 24/68
Height, mean (SD), cm 163.5 (8.2) 165.4 (9.5) 160.9 (8.6) 163.0 (8.8)
FEV, % predicted, mean (SD)—visit 1 76.2 (21.8) 76.8 (20.9) 76.1 (19.0) 76.3 (20.3)
Asthma severity*, n (%)

Mild 15 (45.5) 14 (58.3) 11 (31.4) 40 (43.5)

Moderate 10 (30.3) 6 (25.0) 19 (54.3) 35 (38.0)

Severe 8 (24.2) 4(16.7) 5(14.3) 17 (18.5)

*, based on the GINA (2008) FEV1 % predicted asthma severity classification. VT, verbal inhaler training; THR, Trainhaler; FTCR, Flo-Tone

CR.

Table 2 PIF through pMDI pre- and 1 hour post-inhaler training for study groups at visit 1

Mean (SD) PIF (L/min)—visit 1

Within group PIF comparison—uvisit 1,

Study group Baseline (pre-training) 1 hour post-training A PIF* Wilcoxon test: z-statistic (P value)
VT (n=33) 175.2 (72.4) 81.8 (25.7) ~93.3 (59.7) ~5.02 (<0.001)**
THR (n=24) 187.1 (71.5) 87.1(30.0) ~100.0 (63.9) ~4.30 (<0.001)"
FTCR (n=35) 158.9 (69.2) 72.6 (23.2) -86.3 (60.2) -5.16 (<0.001)"

*, A PIF: change in PIF (1 h post-training — baseline); **, significant difference (P<0.05). pMDI, pressurized metered dose inhaler; VT, verbal
inhaler training; THR, Trainhaler; FTCR, Flo-Tone CR; PIF, peak inhalation flow.
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Figure 3 Short- and long-term improvement in patients’ PIF via pMDLI. PIF, peak inhalation flow; pMDI, pressurized metered dose inhaler.

shown non-significant differences (P>0.05) at visit 1, visit
2 and for the APIF among all groups. Figure 3 shows the
improvement in individual PIF through pMDI at visit 1
(pre- and post-pMDI training) and visit 2 for the patients in
3 study groups.
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The subjects’ 11-step pMDI technique was evaluated at
both visit 1 (baseline) and visit 2. The median (quartiles)
of the incorrect pMDI technique steps at visit 1 was: 7
(45 7) for the VT, 6 (3.5; 8.5) for the THR and 7 (5; 8) for
the FTCR. Whereas, at visit 2 the median (quartiles) of
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Figure 4 (A) Percentage of VT patients with incorrect pMDI steps at visits 1 and 2; (B) percentage of THR patients with incorrect pMDI
steps at visits 1 and 2; (C) percentage of FT'CR patients with incorrect pMDI steps at visits 1 and 2. VT, verbal inhaler training; pMDI,
pressurized metered dose inhaler; THR, Trainhaler; FTCR, Flo-Tone CR.

the incorrect pMDI technique steps was: 2 (0; 4) for the
VT, 2 (1; 4) for the THR and 1.5 (1; 3) for the FTCR.
The percentages of the participants with incorrect pMDI
steps at both visits, for the VI, THR and FTCR groups
are presented in Figure 44,B,C, respectively. Statistically,
the Wilcoxon test showed significant improvements in
the pMDI technique within the VT (z-statistic =-2.77;
P=0.006), within the THR (z-statistic =-3.07; P=0.002) and
within the FTCR (z-statistic =-3.56; P<0.001) groups. The
Mann-Whitney U test showed that the patients in the three
study groups had similarly (P>0.05) poor pMDI technique
at enrolment, and that the VT, THR and FTCR pMDI
training approaches comparably improved inhaler use by
visit 2 (P>0.05).

Pairwise independent samples 7-test comparisons of
the FEV, % predicted showed no significant differences
(P>0.05) among all study groups at either visit 1 or visit
2. For the subjects that completed the two study visits,
the related-samples 7-test showed no significant changes

© Journal of Thoracic Disease. All rights reserved.

(P>0.05) in the FEV, % predicted between the two visits
within each study group.

Within the VT group, the related-samples #-test showed
that the improvement in the ACQ scores between visit 1
(M =1.78; SD =1.07) and visit 2 (M =1.58; SD =1.44) was
statistically non-significant (P=0.408). For the THR group,
the ACQ difference between visit 1 (M =2.54; SD =1.29)
and visit 2 (M =2.14; SD =1.14) was also statistically non-
significant (P=0.146). Similarly, the decrease in the ACQ
scores within the FTCR group between visit 1 (M =1.93;
SD =1.41) and visit 2 (M =1.82; SD =1.00) was statistically
non-significant (P=0.766). Table 3 presents the frequencies
of the VT, THR and FTCR patients over the asthma
control cut-point categories of the ACQ (21). The between-
group, independent-samples #-test showed no significant
differences (P>0.05) in asthma control among the VI, THR
and FTCR at either visit 1 or at visit 2.

The participants completed the 15-question mini-AQLQ
covering four asthma-related quality of life domains. Tuble 4

7 Thorac Dis 2020;12(5):2415-2425 | http://dx.doi.org/10.21037/jtd.2020.03.50
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Table 3 Frequencies of the patients in the ACQ cut-off points
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Study group ACQ score category Visit 1, n (%) Visit 2, n (%)
VT (n=15) <0.75 (well-controlled asthma) 2 (13.3) 5(33.3)
0.75-1.50 (not well-controlled asthma) 4 (26.7) 3(20.0)
>1.50 (uncontrolled asthma) 9 (60.0) 7 (46.7)
THR (n=13) <0.75 (well-controlled asthma) 1(7.7) 1(7.7)
0.75-1.50 (not well-controlled asthma) 2 (15.4) 3(23.1)
>1.50 (uncontrolled asthma) 10 (76.9) 9 (69.2)
FTCR (n=18) <0.75 (well-controlled asthma) 3(16.7) 2(11.1)
0.75-1.50 (not well-controlled asthma) 6 (33.3) 4(22.2)
>1.50 (uncontrolled asthma) 9 (50.0) 12 (66.7)

VT, verbal inhaler training; THR, Trainhaler; FTCR, Flo-Tone CR; ACQ, Asthma Control Questionnaire.

Table 4 Mean (SD) of the mini-AQLQ scores at visit 1 and visit 2

Mean (SD) score—visit 2

Related-samples t-test, mean difference (visit 2 — visit 1)

Mini-AQLQ Mean (SD) score—visit 1 (95% CI): P value
domains
VT* THR* FTCR* VT* THR* FTCR* VT THR* FTCR*
Overall 4.32 3.92 412 4.63 4.03 4.49 0.31 (-0.28; 0.90); 0.11 (-0.43; 0.37 (-0.28; 1.01);
(1.08) (0.97) (1.19) (1.37) (1.16)  (1.16) 0.277 0.66); 0.658 0.249
Symptoms 4.72 4.20 4.34 4.99 3.98 4.72 0.27 (-0.44; 0.98);  -0.22 (-1.01; 0.38 (-0.45; 1.20);
(1.15) (1.40) (1.37) (1.42) (1.46) (1.32) 0.433 0.57); 0.553 0.347
Activity limita- 4.10 412 4.31 4.42 4.46 4.50 0.32 (-0.45; 1.09); 0.35 (-0.56; 0.19 (-0.51; 0.90);
tion (1.68) (1.21) (1.60) (1.59) (1.24) (1.43) 0.394 1.25); 0.422 0.571
Emotional 4.71 3.49 4.67 4.73 3.87 5.27 0.02 (-1.10; 1.13); 0.38 (-0.57; 0.60 (-0.07; 1.27);
function (1.90) (1.83) (1.64) (1.88) (1.81) (1.42) 0.974 1.32); 0.402 0.076
Environmental 3.53 3.62 2.98 4.20 3.72 3.32 0.67 (-0.40; 1.73); 0.10 (-0.58; 0.34 (-0.46; 1.14);
stimuli (1.70) (0.99) (1.63) (1.90) (1.37) (1.61) 0.201 0.79); 0.750 0.384

*, VT (n=15), THR (n=13) and FTCR (n=18). VT, verbal inhaler training; THR, Trainhaler; FTCR, Flo-Tone CR.

presents the mean (SD) of the mini-AQLQ scores at visits
1 and 2, as well as the within-group comparison of mini-
AQLQ scores. Additionally, the pairwise independent-
samples #-test of the mini-AQLQ scores at visit 1 and at
visit 2 revealed nonsignificant differences (P>0.05) among

the VT, THR and FTCR.
Discussion

In asthma management, matching the right inhaler device
to the right patient is vital to maximize therapeutic outcome

© Journal of Thoracic Disease. All rights reserved.

(1,4). The proper choice of an inhaler should take into
consideration both the device design and, equally important,
the patients’ characteristics (4,23-25). Unfortunately, HCPs
commonly overlook their patients’ initial willingness and
ability to correctly use the prescribed inhaled products
(10,18). Long-term improper inhaler technique is associated
with poor inhaled medicine adherence which eventually
increases the risks of emergency department visits (62%),
hospitalizations (47%) and subsequently additional use
of antimicrobial (50%) and oral corticosteroid (54%)
therapies (4). Although valved holding chambers (or spacer
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devices) can complement patients’ poor pMDI technique
and improve lung deposition, many patients find them
inconvenient to use with their pressurized inhalers (6,7).
In the healthcare setting, verbal inhaler counselling is the
conventional approach to patient education. The current
study aimed to evaluate and compare three pMDI technique
training approaches in adults with stable asthma. These
were the V'I, THR and FT'CR tools. The primary outcome
measure was the relatively short- and long-term overall
pMDI technique (including PIF through the inhaler).
The impact of the study interventions on lung function,
asthma control and quality-of-life were secondary clinical
outcomes.

All three study groups had similar baseline (pre-training)
overall pMDI technique errors; where 61.3% (VT), 61.5%
(THR) and 65.0% (FTCR) patients made >2 errors. A
systematic review (cross-sectional 19 studies) has reported
a range of overall pMDI error frequency between 45.7%
and 100% (16). After 6-8 weeks (visit 2), the three pMDI
training interventions did significantly, and equally, improve
the patients’ inhaler use; where only 28.0% (VT), 26.2%
(THR) and 21.7% (FTCR) patients continued to make at
least 2 pMDI errors. However, the hand-lung coordination
that is accompanied with a slow and deep inhalation
profile (Steps 6 and 7) are considered the critical pMDI
manoeuvres that would significantly affect the aerosol lung
deposition (26,27) and thus asthma control (28). All of our
subjects (100%) performed these two steps incorrectly at
recruitment. The frequency of the critical pMDI errors
had been previously reported 12-93% (16). In the present
work, only 33.3% (VT), 30.8% (THR) and 27.8% (FT'CR)
continued to poorly synchronize the start of slow inhalation
with canister actuation by the end of the study (visit 2).

A slow PIF value through the pMDI is still controversial.
It is generally agreed that 30 L/min is the ideal PIF and
that an inhalation range between 30 and 60 L/min is the
target that patients should be educated/trained to achieve
(29,30). However, PIFs <90 L/min were found to be
realistically slow enough for a therapeutically adequate lung
deposition (31,32), whilst PIFs >90 L/min are considered
inappropriately fast. However, in real-life the majority of
the pMDI users had PIFs that were much higher than 100
L/min (9,12,13,33). Our findings were no exception, the
pre-training mean PIFs were 175.2, 187.1 and 158.9 L/min
for the VT, THR and FTCR patients, respectively (P>0.05).
The current pMDI training interventions did efficiently
(P<0.001) improve mean PIF when re-assessed about 1
h post-training; 81.8, 87.1 and 72.6 L/min, respectively.
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Moreover, the participants did maintain their trained, slow
PIFs up to 8 weeks post-training; 115.3 (V'T), 94.6 (THR)
and 96.1 (FTCR) L/min. Previously, it had been shown that
20-50% of the verbally counselled patients reverted back
to their old habits of poor pMDI technique within as short
as 1 to 30 days after their inhaler training sessions (34,35).
Our VT patients showed a similar trend as they seemed to
forget the VT they received on visit 1, and thus their overall
pMDI steps and PIF began to gradually, yet insignificantly,
deteriorate throughout the follow-up period compared with
the THR and FTCR patients. Another critical pMDI error
that can reduce the peripheral lung deposition is the failure
to immediately hold the breath for a few seconds after the
aerosol inhalation (29,36). At recruitment, 60% (V'T), 54%
(THR) and 67% (FTCR) patients failed to demonstrate
adequate breath-holding post inhalation. The three training
approaches, though, significantly improved this manoeuvre;
40%, 31% and 33%, respectively, which is expected to be
positively reflected on lung dose.

Clinically, all the participants had comparable lung
function (FEV, % predicted) at recruitment. Despite the
significant improvement in the pMDI use and inhalation
flow in all inhaler training groups, the FEV, % predicted
remained the same within and across the VT, THR and
FTCR patients. The mild to moderate [mean (SD) FEV,
% predicted: 76.3 (20.3)] stable asthma of the participants
coupled with the relatively short follow-up period might
have possibly limited any opportunity to notice significant
reflections on lung function. In line with our findings,
previous studies have reported that the FEV, was not
affected by the post-training pMDI technique improvement
in asthmatic children (12,13) and adults (9,13).

In the real world, asthma control deterioration can be
associated with pressurized inhaler mishandling (28,37),
particularly with poor pMDI coordination (28). Of all our
recruits, only 14 (15.2%) patients self-judged their asthma
as being well-controlled (ACQ score <0.75). However,
despite that each of the inhaler training methods had a
significant positive impact on the pMDI technique and
PIF, the patients’ reported asthma control scores (ACQ)
remained similar (P>0.05) to those at study entry. Although
improved in all groups, the changes in the ACQ scores
were below the clinically minimal important difference
(MID) of 0.5. The study sample that already had a stable
asthma, the 6-8 weeks follow-up period and the “during
the past 1-week” timeframe that the ACQ gives to the
patients to recall their asthma-related experiences to score
their responses might explain the virtually plateaued asthma
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control. Previously, no change was observed in asthma
control, assessed by the three key questions of the British
Royal College of Physicians (RCP) or the ACQ, that should
have been anticipated by the improved use of the pMDI
either alone (13) or with a spacer (38).

Asthma control tools correlate well with and are
predictive of the patients’ asthma-related quality of life
questionnaire outcomes (20,39). In agreement with the
current ACQ outcomes, the overall mini-AQLQ and its
four quality of life domains remained unchanged (P>0.05)
throughout the study within the VI, THR and FTCR
groups, with score changes below the MID threshold to
be considered clinically important. A previous inhaler
technique interventional study in homogeneous, stable
asthmatics has shown quality of life behaviours similar to
the current work (13). However, patients recruited with
more severe and variable asthma stability did have a self-
perception of an improved quality of life which might have
been augmented by the longer term (up to 12 months)
repeated VT reinforcement (9,40).

The current research was limited by the small number
of participants particularly those who attended the second
study visit. In this regard, every effort was made to have
all the volunteers return to the study clinics by contacting
them via both phone calls and text messages. Work
commitments, travelling abroad, residence reallocation
or personal reasons were, however, behind their absences.
Moreover, this academically conducted study received a
very small fund which restricted the number of recruiting
clinics, participants and the study follow-up period. Longer
observation might have shown more significant positive
reflections related to using the THR and FTCR pMDI

trainers compared with the conventional V'T.

Conclusions

Consistent, good inhaler technique is vital to deliver
therapeutically adequate lung doses of inhaled products.
Currently, our investigated VT, THR and FTCR pMDI
training approaches did significantly improve the asthmatic
patients’ overall inhaler use including the vital coordinated
slow inhalation maneuver, and maintained their asthma
control and quality-of-life. Regular inhaler technique
monitoring is scarce particularly in busy healthcare settings,
thus the patients’ received VT fades usually way over
time. The novel THR and FTCR pMDI training tools
are two available options to complement and enhance the
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VT. Equally important, the THR and FTCR devices are
retained by the patients as their self-monitoring, all-time
personal trainers that can boost and maintain their correct
pMDI technique between their routine clinic visits.
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