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Abstract
Bronchial asthma is a serious chronic inflammatory disease of the respiratory system. Aerosol inhalation as a route
of drug delivery has become well-known in therapy of asthma. This study was designed to evaluate if the use of
2Tone helps patients maintain the correct inhalation technique after training and can improve the clinical benefit.
125 Libyan adult asthmatic patients were recruited. At the first clinical visit; 38, 44 and 43 patients were included as
C, VT and 2T groups, respectively. Their inhalation flow rate through an MDI was measured using an In-Check
Dial. Patients in 2T group were trained on how to use the 2Tone Trainer according to its PIL and practiced inhaling
through this training aid to familiarize themselves with the different sounds according to the inhalation rates. At the
second clinic visit for all the patients was held six weeks later, each patient was assessed in the same manner as on
the first visit. Results show no significant difference in the change of FEV 1 and PEFR between all the groups. Lung
function measurements, percent predicted FEV1 and PEFR showed significant low correlation with all AQLQ
domains, except for AQLQ environment which found no correlation with lung function measurement. Significant
correlations between percent predicted FEV1 and PEFR with all AQLQ domains. Patients in the 2T group showed
reduced IFR of about double that in VT group, whereas in the C group, there was no difference in IFR. Comparison
of IFR between VT vs. 2T groups at visit one showed no statistical significant difference. However, at visit two,
comparison between all the groups showed a highly significant difference. Thus, this study shows that 100% and
29% of the patients in the C and VT groups were inhaling at a high IFR while the 2T group shows only one patient
(3%) was inhaling at the high flow rate while the rest of the patients managed to obtain the optimum IFR needed for
the MDIs. Thus, the present findings show the importance of the use of the 2T device to train the patients to slow
their IFR.
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1. Introduction
Aerosol inhalation as a method of drug delivery to the respiratory tract has become well established in treatment of
lung diseases such as asthma and chronic obstructive pulmonary disease (COPD). This route has several distinct
advantages. Medication is delivered directly to the site of action allowing a rapid and predictable onset of action,
avoiding the first-pass metabolism and degradation within the gastrointestinal tract. It is also lowing dosages than
those by other routes which, therefore, minimises the unwanted side effects [1]. However, the efficiency of lung
deposition from inhalation therapy is not high and about 10% of the inhaled dose reaches the lungs [2]. On the other
hand, it is possible to increase the fraction of dose deposited in the lungs by training the patients the correct
inhalation techniques [3], but, other study has, however, shown that patients forget their trained technique within
one month [4]. Several important factors affecting drug therapy given by inhalation, including flow rate, period of
breath holding, the volume of air inhaled and the volume of lung at the initiation of inhalation and the position of
inhaler in relation to the mouth [5]. Inefficient inhaler technique is a common patient problem resulting in poor drug
delivery, decreased disease control and increased inhaler use [6]. To ensure effective and consistent management of
asthma. It is, therefore, essential that patients are compliant and that they can use the inhaled medication according
to the instructions provided by the manufacturers. Achievement of these will ensure that the same dose is emitted
with each inhalation. It may, thus, be necessary to train the patient with the required inhalation technique [2].

Metered dose inhalers (MDI) technique assessment have heavily focused on coordinating the dose release with the
start of an inhalation. However, some studies have shown that co-ordination of dose actuation and inhalation is not
important as long as the patient is inhaling when a dose is released [7, 8]. It has emphasized the importance of a
slow inhalation flow rate (IFR) when using an MDI for optimal therapeutic effect. IFR is the most common mistake
made by patients when using an MDI. Broeders and others [9] found that 80% of patients were inhaling too fast
(>90 L/min) when using their MDI compared to 40% of patients with coordination problems. A slow and deep IFR
when using an MDI was the highest mistake made by patients [10]. Pauwels and his collaborators [11] showed that
the inhalation rate through MDIs should be <90 L/min. Therefore, patients prescribed MDIs should use a slow IFR
but, this rate is difficult to define. A training aid; the 2Tone Trainer (Canday Medical Ltd) has been introduced to
help patients obtain the most desirable inhalation rate when using an MDI. The patient information leaflet (PIF)
provided with 2Tone encourages patients to practice using the device in the same way that they would use their
MDI. During this use, the training device provides them with audible feedback according to the inhalation rate they
have used. It makes a two-tone sound when inhaling faster than 60 L/min, one tone between 30-60 L/min and no
sound at <30 L/min. Patients are advised to obtain the one-tone sound and thus become customized with the degree
of inspiratory effort they need to use to achieve this rate through an MDI. Continued use of the 2Tone Trainer, at
home, after a training session may be a solution to the problem of using a slow inhalation rate and repeated
inhalation technique training. Thus, this study is designed to evaluate if the use of 2Tone helps patients maintain the
correct inhalation flow rate after training the asthmatic patients.
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2. Methods and Subjects
2.1 Patients
This study was designed to be parallel clinical study to assess the effect of inhaler technique on the clinical benefit
in patients with asthma. Study patients were obtained from the Tripoli Medical Center (TMC), respiratory
department, outpatient unit (2016). This study was of two groups; intervention and control. Allocation of patients to
either control or intervention groups was according to their inhaler technique regarding their IFR, measured by using
an In-Check dial™. A schematic design of the study is given in Figure 1. Approval for the study was obtained from
the local ethical committee of the center to carry out this study (TMC, 8/2016). All patients, giving signed informed
consent were asked to agree and sign. According to a previous study [12], the mean (SD) inhalation rate of 398
outpatients at Leeds Teaching Hospital, NHS Trust, when they inhaled through an MDI was 107(20) L/min. Using
the table provided by Altman [13] to reduce the inhalation flow rate by 20% with 90% power at the 5% significance
level, would require 30 subjects. Therefore, about 40 asthmatic patients were recruited to be included in each group
to allow for any dropout.

Figure 1: Schematic design of the study.

The inclusion criteria were; asthma patients using at least one MDI without a spacer device, prescribed a preventer
MDI (with or without a spacer) and signed written consent. While the patient exclusion criteria were; patients
experiencing an acute exacerbation of asthma or receiving oral prednisolone in the four weeks prior to the study,
patients with other diseases adversely affecting the respiratory system or with evidence of fixed respiratory
obstruction, deaf or unable to distinguish between one and two tones with the 2Tone trainer and COPD.

2.2 Methods
Inhalation flow rate of the patients through MDI was measured using In-Check Dial (Clement Clarke International,
UK). Patients were classified to poor and good inhalation technique according to IFR. Those with good IFR of
<90L/min were considered a control group (C), whilst those with a poor IFR of >90L/min were intervention group.
Patients in the intervention group were randomly allocated into the verbal training group (VT) or the verbal training
plus 2Tone group (2T). C group was not told what the correct flow was nor directed on how to use their inhalers. VT
patients were trained on the most desirable IFR. Patients in the 2T group received the same verbal training as the VT
group. Patients in 2T group were also trained how to use the 2Tone Trainer according to its PIL and practiced
inhaling through this training aid to familiarize themselves with the different sounds according to the inhalation
rates. All inhaled consistently making one sound (equivalent to 30-60 L/min) before leaving the outpatient unit.
Patients were advised to use the training device every morning and night to obtain one tone note and to use the same
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inhalation procedure when they used their active MDI. All patients in VT and 2Tone groups had their IFR through
In-Check Dial measured at the end of the training session to ensure that they were inhaling at a rate <90L/min
through MDI.
The second visit for all patients was held six weeks later and each patient was assessed in the same manner as on the
first visit and data collection repeated. Patients were asked to demonstrate their inhaler technique with a placebo
pMDI device. The inhalation technique was marked for 1 to 13 steps, according to the most desirable inhalation
technique, and a score out of 13 was given for each patient. The same person carried out the tests on each occasion
to provide consistency in the measurements.

3. Statistical Analysis
Data were collected from groups of patients to allow a baseline to be established with which to compare subsequent
data. A statistical analysis was carried out using an SPSS version 18 database package by MINITAB, USA. For
parametric data, one-way ANOVA followed by paired t test to compare responses of pre and post counselling in
each group (visit one vs. two) for inhalation flow rates and peak flow measurements. Independent t test was used for
responses between the groups (2Tone vs. VT, 2Tone vs. C and VT vs. C). For nonparametric data, comparison
among groups was made by Wilcoxon test followed by Mann-Whitney U test between individual groups. *P <0.05
was considered significant, **P <0.01 highly significant and ***P <0.001 very highly significant.

4. Results
In this study, at first visit; 38, 44 and 43 patients were considered for three different groups (C, VT and 2T,
respectively) but at the second visit, there were 36, 35, and 36 patients in the C, VT and 2T groups attended. The
mean (SD) age of patients was 57.16 (15.1) years. The youngest patient was 22 and the oldest patient was 87 years
old. The normality test revealed that IFR data was not normally distributed. However, data from patients AQLQ and
lung function tests (FEV1 and PEFR) showed normal distribution.
4.1 Inhalation Flow Rate (IFR)
The results showed that 71 patients (66.4%) inhaled at a rate greater than 90 L/min and thus formed the intervention
group. 11 patients (15.5%) in the intervention group (VT and 2T) returned for the follow-up (visit 2) at flow rate
greater than 90 L/min after counselling (Table 1). 10 patients (28.6%) were from the VT group and one patient
(2.8%) from 2T group (Figure 2). All patients in C group at visits one and two were inhaling at a flow rate <90
L/min with mean IFR of 66 L/min. Patients mean IFR in VT and 2T groups were less than 90 L/min at visit two
(Figure 3). Mean (SD) of the patients IFR for all groups at visits one and two are given in Table 2.

Groups

IFR (L/min)

Visit one n (%)

Visit two n (%)

>90

0

0

Control
C (n=36)
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80-90

14 (38.9)

9 (25)

60-79

10 (27.8)

15 (41.7)

<59

12 (33.3)

12 (33.3)

>90

35 (100)

10 (28.6)

80-90

0

9 (25.7)

60-79

0

8 (22.9)

<59

0

8 (22.9)

>90

36 (100)

1 (2.8)

60-79

0

7 (19.4)

<59

0

28 (77.8)

Intervention

VT (n=35)

2T (n=36)

Table 1: Inhalation flow rate (L/min) at visits one and two for all groups.
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Figure 2: Percentage of patient inhalation flow rate in all the groups at visits two.
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Figure 3: Mean inhalation flow rate pre- and post-counselling (all the groups).

Parameters

Control group

Verbal group

2Tone group

IFR (1)

66 (16)

118 (5)

117 (5)

IFR (2)

66 (14)

81 (23)

52 (13)

Δ IFR

0.28 (11.95)

- 37.11 (24.24)

- 64.64 (14.74)

Table 2: Mean (SD) for patients IFR between visits one and two for all groups.
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Comparisons of the IFR for patients in each group at visits one and two are shown in Figure 4. Patients in 2T group
showed reduced IFR of about double that in VT group whereas in C group, there was no difference in IFR (Table 2).
Comparison using Wilcoxon test of IFR using the median difference (95% confidence interval) between visits one
and two in C group revealed no statistical significant difference. In contrast, VT and 2T groups showed highly
significant difference (p <0.001) in IFR between visits one and two (Table 3). Furthermore, comparison of IFR
between the individual groups by Mann-Whitney test, at visit one showed a highly significant difference (p <0.001)
between 2T and VT groups against C group. However, comparison of IFR between VT vs. 2T groups at visit one
showed no statistical significant difference. However, at visit two, comparison between all the groups showed highly
significant difference (p <0.001) in IFR (Table 4).

Figure 4: Comparison of IFR between visits one and two for (a) C; (b) VT; (C) 2T groups.

Parameter

Control group

Verbal group

2T group

IFR

0 (- 5, 2.5)***

37.5 (27.5, 46)***

65 (62.5, 70)***

***Statistically significant by P <0.001
Table 3: Median difference (95% confidence interval) of IFR between visits one and two for each group.

Groups

2T against VT

VT against C

2T against C

IFR (1)

0.0

50 (60, 40)***

50 (60, 40)***

IFR (2)

26.5 (20, 38)***

13 (25, 5)**

15 (10, 20)***

Δ IFR

28 (40, 18)***

40 (49.99, 25)***

65 (70, 60)***

Statistically significant by ** P <0.01 and *** P <0.001; Δ-denotes the overall change between visit one and two
Table 4: Median difference (95% confidence interval) for IFR at visits one and two together with the change
between visits one and two (Δ IFR) between all groups.

4.2 Inhaler technique
All 107 patients had their inhaler technique checked at visit two using placebo MDI. Inhalation technique was
assessed according to the most desirable inhaler technique. A summary of patient’s inhalation technique is given in
Table 5. The highest incorrect steps for C group were (step 11) not holding the breath for 10 seconds and (step 9) the
breathing in not taking 5 seconds. For VT group, (step 12) the breathing out slowly and (step 9) breathing in takes 5
seconds were the most incorrect steps. 2T group showed almost equal percentage of incorrect steps of (step 7)
coordination problems and (step 12) breathing out slowly. For all groups, none of the patients achieved of total
number of scores which was 13. Figure 5 summaries the percentage the total number of inhaler technique score
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achieved by patients in each group. Using Mann-Whitney U-test to compare total inhaler technique score between
the groups revealed significant difference between 2T group with VT and C groups (p <0.01and p <0.05,
respectively).

Verbal

Control

n=35

n=36

0

0

0

(2) Shake inhaler (IT2)

11 (30.6)

9 (25.7)

15 (41.7)

(3) Breathe out slowly (IT3)

6 (16.7)

9 (25.7)

7 (19.4)

(4) As far as comfortable to empty lungs (IT4)

17 (47.2)

14 (40)

19 (52.8)

(5) Place mouthpiece of inhaler between your lips (IT5)

0

0

0

(6) Close your lips around mouthpiece, creating a seal (IT6)

1 (2.8)

3 (8.6)

2 (5.6)

(7) Start to breathe in slowly and press aerosol canister (IT7) *

21 (58.3)

19 (54.3)

21 (58.3)

(8) Breathe in slowly (IT8)

1 (2.8)

10 (28.6)

0

(9) Breathe in should take 5 seconds (IT9)

7 (19.4)

25 (71.4)

26 (72.2)

(10) Remove inhaler and keep your mouth close (IT10)

6 (16.7)

6 (17.1)

3 (8.3)

(11) Hold breath for 10 seconds (IT11)

17 (47.2)

24 (68.6)

28 (77.8)

(12) Breathe out slowly (IT12)

20 (55.6)

28 (80)

20 (55.6)

(13) Repeat steps 1 to 12 after 30 seconds, if necessary (IT13)

3 (8.3)

5 (14.3)

3 (8.3)

Inhalation technique n (%)

2 Tone n=36

(1) Remove cap (IT1)

Table 5: Patients incorrect steps for inhalation technique.
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Figure 5: Percentage of total number of inhaler technique score achieved by the patients for all groups.

4.3 Peak Expiratory Flow Rate (PEFR) and Forced Expiratory Volume in one second (FEV1)
The mean (SD) percent predicted FEV1 and PEFR together with the actual values for visits one and two and changes
between visits one and two for all groups are given in Table 6. Patients in both groups were classified according to
their percent predicted FEV1 and PEFR in Table 7. Thus, comparison of percent predicted of FEV 1 and PEFR with
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the actual values measured between visit one and visit two for the three groups using paired t test is shown in Table
8. Thus, it shows that there was no difference between visit one and visit two for C, 2T and VT groups. Comparison
of actual values FEV1 and PEFR measured at visit one, two and change of visits one and two between the three
groups using one-way ANOVA with Bonferroni correction is given in Table 9. A comparison of percent predicted
FEV1 and PEFR at visit one, two and change of visits one and two between groups is shown in Table 10. No
significant difference between 2T and VT in percent predicted and actual value of FEV1 and PEFR between 2T and
VT groups at visits one and two was found. However, VT group shows a significant difference (p <0.01) with C
group in percent predicted and actual value of FEV1 at visits one and two. In addition, VT shows significant
difference (p <0.01) in actual value and percent predicted of PEFR with C group. 2T group shows significant
difference (p <0.05 and p <0.01) in only PEFR actual value and percent predicted with C group, respectively.
Furthermore, comparison was made for the change of visits one and two for actual and percent predicted between all
the groups (Table 11). It shows no significant difference in the change of FEV1 and PEFR between all the groups.
Lung function measurements, percent predicted FEV1 and PEFR showed significant low correlation with all AQLQ
domains (p <0.05) except for the AQLQ environment which found no correlation with lung function measurement.
Table 12 describes the correlations between percent predicted FEV1 and PEFR with all AQLQ domains.

Visit one

Control

Verbal

2Tone

FEV1 (L)

1.6 (0.82)

2.1 (0.75)

1.95 (0.76)

FEV1 (% pre.)

62.2 (25.4)

76.9 (24.1)

71.7 (22)

PEFR (L.min-1)

251.5 (107.1)

321.8 (98.7)

312.9 (101.6)

PEFR (% pre.)

65.2 (26.1)

77.3 (22)

75.1 (23.6)

1.57 (0.73)

2.16 (0.74)

1.93 (0.63)

61.3 (22.2)

78.3 (22.3)

71.4 (16.9)

PEFR (L.min )

244.5 (93.4)

320.9 (88.3)

321.8 (86.8)

PEFR (% pre.)

62 (21.9)

77.8 (19.8)

76.2 (19.9)

Δ FEV1 (L)

-0.3 (0.27)

0.06 (0.33)

-0.01 (0.29)

Δ FEV1 (% pre.)

-0.9 (10.3)

1.4 (9.4)

-0.4 (10.6)

Δ PEFR (L.min-1)

-7 (40)

-1 (62)

9 (44)

Δ PEFR (% pre.)

-3.2 (11.8)

0.5 (14.3)

1.1 (13.3)

Visit two
FEV1 (L)
FEV1 (% pre.)
-1

Table 6: Mean (SD) of patient’s lung function measurements for two visits.

Groups

Visit

2Tone

one

Severe n (%)

Moderate n (%)

Mild n (%)

11 (30.6)

14 (38.9)

11 (30.6)

[8 (22.2)]

[15 (41.7)]

[13 (36.1)]
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9 (25)

17 (47.2)

10 (27.8)

[5 (13.9)]

[19 (52.8)]

[12 (33.3)]

10 (28.6)

6 (17.1)

19 (54.3)

[9 (25.7)]

[9 (25.7)]

[17 (48.6)]

8 (22.9)

11 (31.4)

16 (45.7)

[6 (17.1)]

[12 (34.3)]

[17 (48.6)]

20 (55.6)

8 (22.2)

8 (22.2)

[14 (38.9)]

[12 (33.3)]

[10 (27.8)]

19 (52.8)

8 (22.2)

9 (25)

[14 (38.9)]

[14 (38.9)]

[8 (22.2)]

35 (100)

36 (100)

Table 7: Morbidity associated with percent predicted FEV1 [PEFR] at visits one and two (all groups).

Lung function test

Control

Verbal

2Tone

FEV1 (L)

0.03 (-0.06, 0.12)

-0.06 (-0.18, 0.05)

0.015 (-0.08, 0.11)

FEV1 (% pre.)

0.9 (-2.58, 4.37)

-1.43 (-4.67, 1.8)

0.35 (-3.24, 3.95)

-1

PEFR (L.min )

7.03 (-6.6, 20.6)

0.91 (-20.2, 22.1)

-8.89 (-23.8, 6.1)

PEFR (% pre.)

3.2 (-0.78, 7.19)

-0.51 (-5.41, 4.4)

-1.08 (-5.59, 3.43)

Table 8: Mean difference (95% confidence interval) of % predicted FEV1 and PEFR with the actual values for all
groups between visits one and two.

Lung function measurement (% pre.)

2T against VT

VT against C

2T against C

FEV1 (1)

-5.18 (-18.97, 8.62)

14.75 (0.95, 28.54)*

9.57 (-4.12, 23.27)

FEV1 (2)

-6.96 (-18.86, 4.94)

17.08 (5.17, 28.98)***

10.12 (-1.7, 21.93)

PEFR (1)

-2.26 (-16.11, 11.6)

12.14 (-1.71, 26)

9.88 (-3.87, 23.64)

PEFR (2)

-1.68 (-13.55, 10.19)

15.85 (3.98, 27.72)**

14.17 (2.39, 25.95)**

* P <0.05, ** P <0.01 and ***P <0.001.
Table 9: Mean difference (95% confidence interval) of percent predicted FEV1 and PEFR between groups.

Lung function measurement

2T against VT

VT against C

2T against C

FEV1 (1) (L/min)

-0.15 (-0.6, 0.3)

0.49 (0.04, 0.94)*

0.34 (-0.1, 0.79)

FEV1 (2) (L)

-0.23 (-0.63, 0.18)

0.59 (0.18, 0.99)**

0.36 (-0.04, 0.76)

PEFR (1) (L/min)

-8.94 (-68.2, 50.3)

70.3 (11.03, 129.5)*

61.3 (2.51, 120.2)*

PEFR (2) (L)

0.86 (-50.86, 52.59)

76.4 (24.67, 128.1)**

77.25 (25.9, 128.6)**

Statistically significant by * P <0.05 and ** P <0.01.
Table 10: Mean difference (95% confidence interval) of actual values of FEV1 and PEFR between groups.
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Mean difference

2T against VT

VT against C

2T against C

Δ FEV1 (L)

-0.08 (-0.25, 0.095)

0.1 (-0.08, 0.27)

0.02 (-0.15, 0.19)

Δ PEFR (L/min)

9.8 (-18.7, 38.3)

6.11 (-22.4, 34.6)

15.9 (-12.4, 44.24)

Δ FEV1 (% pre.)

-1.79 (-7.63, 4.06)

2.33 (-3.52, 8.18)

0.54 (-5.26, 6.35)

Δ PEFR (% pre.)

0.58 (-7.03, 8.18)

3.71 (-3.89, 11.31)

4.29 (-3.26, 11.83)

Table 11: Mean difference (95% confidence interval) for actual values and percent predicted of Δ FEV1 and Δ
PEFR between groups.
Lung function measurement

AQLQ

AQLQ

AQLQ

AQLQ

AQLQ

(% predicted)

total

symptom

emotion

environment

activity

FEV1 (L)

+0.23*

+0.2*

+0.26*

+0.09

+0.24*

PEFR (L/min)

+0.19*

+0.24*

+0.21*

+0.01

+0.23*

JMI

-0.51**

-0.6**

-0.29*

-0.32*

-0.38***

Statistically significant by *P <0.05 and *** P <0.001
Table 12: Correlations between percent predicted FEV1 and PEFR with AQLQ domains.

5. Discussion
The inhaled route of administration is the optimal method of drug delivery for the treatment of patients with
obstructive airway diseases and the pMDI is presently the most commonly used inhaler [11]. Despite the availability
of efficacious therapies, asthma control is often poor [14, 15] and the improper use of inhaler devices is one of the
major cause of poor disease control [16, 17, 18]. It has been suggested that approximately 50% of patients do not
obtain sufficient benefit from their inhalers because of poor inhaler technique [19]. A correct inhaler technique by
the patient is crucial for the success of the therapy [20, 21, 22]. Thus, the benefits of inhaled therapy are
accompanied by the drawbacks, particularly the challenges patients' face when using their inhaler devices. It has
been acknowledged that the most commonly encountered pMDI technique problems by patients are; poor
coordination of inhalation with inhaler actuation, stopping to inhale shortly after activating pMDI and inspiration
through the nose [23]. The main findings of this study is that nearly 75% of the patients in the control group made at
least one technique error or completely misused their inhaler.

Several studies emphasized the importance of slow inhalation flow rate (IFR) when using MDI for optimal
therapeutic effect. Poor inhaler technique is linked to poor disease control [24] and increased hospitalisation [25].
Data have shown that IFR is the most common mistake made by patients when using MDI. Broeders et al. [9] found
that 80% of patients were inhaling too fast (>90 L/min) and Al-Showair et al. [26] found that only 8% of patients
use slow inhalation with good co-ordination. The present results indicate that all the patients in the control group
were using a high IFR when they used their MDIs.
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Frequent inhaler training technique and proper inhaler handling are recommended, particularly by asthma
management guidelines and that inhaler technique should be checked regularly during follow-up [8, 9]. However,
the provision of inhaler technique training remains irregular. The majority of the previous studies suggested that a
large proportion of patients do have problems using their inhalers but they are subjective assessments. The design of
this study has therefore been designed to provide objective assessments by the use of a 2Tone device to help the
patient to maintain the optimum IFR needed for the MDIs. The results of this study show that 100% and 29% of the
patients in the control and verbal counselling groups, respectively, were inhaling at a high IFR while the 2Tone
group shows that only one patient (3%) was inhaling at the high flow rate while the rest of the patients managed to
obtain the optimum IFR needed for the MDIs and this indicates the importance of the use of the 2Tone device to
train the patients to slow their IFR. In this study also no effect of good MDI technique on the improvement of PEFR
(Peak Expiratory Flow Rate) with no significant differences were found between first and second visits.
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