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Abstract

Background: Inhaler selection is important when managing respiratory conditions; a patient’s inhalation technique
should be appropriate for the selected device, and patients should ideally be able to use a device successfully regard-
less of disease severity. The NEXThaler is a multidose dry-powder inhaler with a breath-actuated mechanism (BAM)
and dose counter that activates only following inhalation, so effectively an‘inhalation counter’ We assessed inspira-
tory flow through the NEXThaler in two studies and examined whether inhalation triggered the BAM.

Methods: The two studies were open-label, single-arm, and single visit. One study recruited patients with asthma
aged > 18 years; the other recruited patients with chronic obstructive pulmonary disease (COPD) aged > 40 years. All
patients inhaled twice through a placebo NEXThaler. The inspiratory profile through the device was assessed for each
inhalation using acoustic monitoring, with flow at and time to BAM firing, peak inspiratory flow (PIF), and total inhala-
tion time assessed.

Results: A total of 40 patients were enrolled in the asthma study: 20 with controlled asthma and 20 with partly con-
trolled/uncontrolled asthma. All patients were able to trigger the BAM, as evidenced by the inhalation counter activat-
ing on closing the device. Mean flow at BAM firing following first inhalation was 35.0 (range 16.3-52.3) L/min; mean
PIF was 64.6 (35.0-123.9) L/min. A total of 72 patients were enrolled in the COPD study, with data analysed for 69
(mean forced expiratory volume in 1 s 48.7% predicted [17-92%)]). As with the asthma study, all patients, regardless of
airflow limitation, were able to trigger the BAM. Mean flow at BAM firing following first inhalation was 41.9 (26.6-57.1)
L/min; mean PIF was 68.0 (31.5-125.4) L/min. Device usability was rated highly in both studies, with 5 min sufficient to
train the patients, and a click heard shortly after inhalation in all cases (providing feedback on BAM firing).

Conclusions: Inhalation flows triggering the BAM in the NEXThaler were similar between patients with controlled
and partly controlled/uncontrolled asthma, and were similar across COPD airflow limitation. All enrolled patients were
able to activate the device.

Keywords: Dry powder inhalers, Asthma, Chronic obstructive pulmonary disease, Inspiratory flow, Breath-actuated
mechanism

Background

Inhaler selection is an important consideration in over-
all therapy choice when managing respiratory conditions
[1, 2], and the choice of device should be tailored to the
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of remaining doses [5]. In addition, a patient’s inhalation
technique should be appropriate for the device [6]. Suc-
cessful use of a dry-powder inhaler (DPI) requires that a
patient can generate sufficient inspiratory flow [6]; ideally
patients with all levels of disease severity should be able
to use a device successfully.

The NEXThaler is a multidose DPI with a breath-
actuated mechanism (BAM) that has an inspiratory flow
resistance of 0.036 kPa” L/min (i.e., medium-to-high
resistance). To inhale a dose of medication, the patient
only has to open the cover, which makes the dose avail-
able. When the patient then inhales through the device,
a click is felt or heard as the BAM fires, indicating suc-
cessful dose release. Then, when the cover is closed, if
the dose has been inhaled the counter will count down.
If the inhalation was not successful, for example if the
patient did not generate sufficient inspiratory flow, just
exhaled through the device, or only opened and closed
the cover, the counter will not count down, and the dose
is not wasted. Data on dose- and flow-independency of
the NEXThaler across various inspiratory flows have pre-
viously been published [7, 8], as have lung deposition [9]
and usability data [10].

The NEXThaler was designed to have an inspiratory
flow at BAM firing of 35 L/min. In this manuscript,
we describe the results of two studies that assessed the
actual inspiratory flow profile generated by patients
with asthma and chronic obstructive pulmonary disease
(COPD) through the NEXThaler device, and examined
whether this manoeuvre triggered the BAM. The stud-
ies also evaluated device usability as perceived by the
patients.

Methods

Trial design

The two studies were of similar design, being open-
label, single-arm, and single visit, with both conducted
at a single centre (a specialist investigation unit in
Italy). Males or females were eligible. Other than the
diagnosis, the main differences in inclusion criteria
were age (minimum 18 years for the asthma study;
40 years for the COPD study) and that the COPD study
recruited current or ex-smokers (there were no smok-
ing-related criteria in the asthma study). Both studies
excluded patients with a diagnosis of any restrictive
lung disease. Other main reasons for exclusion from
the asthma study were significant seasonal variation
in their symptoms, asthma that occurred only dur-
ing episodic exposure to an allergen, or a history of
near-fatal asthma; the main exclusion criterion for the
COPD study was a diagnosis of asthma. All patients
provided written informed consent prior to any study-
related procedure. The studies were approved by an
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independent ethics committee (Ospedale Maggiore di
Parma), and were performed in accordance with the
principles of the Declaration of Helsinki, and the Inter-
national Conference on Harmonisation notes for guid-
ance on Good Clinical Practice (ICH/CPMP/135/95).
Both studies were registered in the EudraCT database
(asthma study: registration number 2012-000039-22,
registered 18 Jun 2012; COPD study: registration num-
ber 2013-000262-11, registered 16 May 2013).

At the single study visit, patients were initially trained
on correct use using an empty NEXThaler DPI. The
instructions for use during this training were as fol-
lows. “Hold your inhaler firmly in the upright position.
Open the cover fully, check the dose counter window.
Before inhaling, breathe out as far as comfortable; do not
breathe out through the inhaler. Bring the inhaler up to
your mouth and place your lips around the mouthpiece.
Do not cover the air vent when holding the inhaler. Do
not inhale through the air vent. Take a deep and force-
ful breath through your mouth. On inhalation check
that an audible click is heard. Remove the inhaler from
your mouth. Hold your breath for 5-10 s or as long as
is comfortable. Breathe out. Move the inhaler back to
the upright position and close the cover fully. Check that
the counter has gone down by one” All patients then
inhaled twice through a placebo NEXThaler device, with
the inhalations separated by a maximum of 5 min. The
inspiratory profile through the device was assessed for
each inhalation using acoustic monitoring (Sensohaler,
Sagentia Inc., Cambridge, UK), with acoustic signals
recorded using a condenser microphone placed within
the device located so as not to impact the operation of
the device, and then analysed by specialised software
using a set of algorithms. An additional manoeuvre could
be performed if the first manoeuvre was judged unac-
ceptable by the investigator (for example if the micro-
phone disconnected during the inhalation, there was
an operator-related error in recording, or artifacts). The
acoustic monitoring was used to assess the flow at and
time to BAM firing, peak inspiratory flow (PIF), total
inhalation time, and total inhaled volume, all of which
were automatically calculated by the software. The over-
all performance of the acoustic monitoring system was
validated by comparing the flow measured by the system
against a completely independent flow measurement by
a calibrated hot-wire anemometer. The estimated flow
accuracy was within+5 L/min of the actual flow from
30 to 130 L/min and within+10 L/min from 0 to 30 L/
min. Device usability was assessed by means of a phy-
sician-assessed questionnaire that comprised 10 ques-
tions (see supplement), each with a yes/no answer, with
the responses entered directly in the patient’s case report
form.
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The primary objective of both studies was to assess the
inspiratory profile through the NEXThaler, in patients
with different levels of asthma control, or patients with
COPD who had varying levels of airflow limitation.

Sample size and statistical methods

There was no formal sample size calculation for either
study. For the asthma study, 40 patients were consid-
ered to be sufficient to assess inhalation profile through
the device, 20 with controlled asthma, and 20 with partly
controlled asthma (where ‘controlled was defined as
occurrence of daytime symptoms and rescue medica-
tion use twice or less per week, no limitation of activi-
ties, no nocturnal symptoms or awakening, and normal
lung function [pre-bronchodilator forced expiratory vol-
ume in 1 s [FEV,] or peak expiratory flow [PEF]>80%
predicted]). For the COPD study, the aim was to recruit
10-20 patients with Global Initiative for Chronic
Obstructive Lung Disease (GOLD) Grade 1 airflow limi-
tation (post-bronchodilator FEV,>80% predicted), and
20 patients with Grades 2 to 4 (Grade 2, 50-80%; Grade
3 30-50%; Grade 4<30%). Assuming a screening fail-
ure rate of 10%, it was estimated that 44 patients would
need to be screened for the asthma study, and 89 for the
COPD study. Descriptive statistics are provided for each
variable, analysed separately for the first and second
inhalation.

Results

Asthma

Participants

A total of 40 patients were enrolled: 20 with controlled
asthma and 20 with partly controlled or uncontrolled
asthma. The mean=£SD age of these enrolled patients
was 43.2416.5 years (range 18-77 years); 60% were
female. Mean FEV, at screening was 92.5+12.5% pre-
dicted (95.1£9.8% in the controlled asthma group
and 89.8+14.5% in the partly controlled/uncon-
trolled group), with mean PEF 91.6+13.1% predicted
(95.1+11.3 and 88.0414.2%, respectively), ranging from
60.9 to 116.0%.

Outcomes

All patients were able to trigger the BAM, as evidenced
by the inhalation counter activating on closing the device.
Inspiratory flow through the NEXThaler was higher in
patients with controlled asthma than in those with partly
controlled or uncontrolled asthma, both by individual
timepoint (Fig. 1) and by PIF (Table 1). However, mean
flows at BAM firing were similar, both for the two groups
and the two inhalations (Table 1), and all patients were
able to generate a PIF above the value required to fire the
BAM (data from the first inhalation are shown in Fig. 2).
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Fig. 1 Asthma study: Mean inspiratory flow over time by asthma
control (first inhalation). Values on the right of the plot area are the
mean flow at BAM firing in patients with controlled (top) and partly
controlled/uncontrolled asthma (bottom). BAM breath-actuated
mechanism
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Fig. 2 Asthma study: scatter plot of PIF versus flow at BAM firing
(first inhalation). PIF peak inspiratory flow, BAM breath-actuated
mechanism

Furthermore, the mean time to BAM firing was similar
in the two groups and for the two inhalations (Table 1).
Usability was rated highly, with 5 min sufficient to train
all patients on device use, a click heard on opening and
soon after inhalation, and the mouthpiece fitting well; the
inhalation counter appearance was considered clear by all
but one patient (Additional file 1: Table S1). Given the air
vent is just next to the mouthpiece on the NEXThaler, we
included a question specifically on whether the patients
blocked these vents during use; none blocked the vents.

COPD
Participants

A total of 72 patients were enrolled: 21 with post-bron-
chodilator FEV,>80% predicted (GOLD Grade 1); 20
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Table 1 Asthma study: inspiratory flow profile from acoustic monitoring
Asthma control Total (N=40)

Controlled (N=20)

Partly controlled/ uncontrolled

(N=20)

Flow at BAM firing, L/min
First inhalation
Second inhalation

PIF, L/min
First inhalation
Second inhalation

Time to BAM firing, s
First inhalation
Second inhalation

Time to PIF, s
First inhalation
Second inhalation

Total inhalation time, s
First inhalation
Second inhalation

Total inhaled volume, L
First inhalation
Second inhalation

354+£95(16.3-52.3)
34.6+92 (144-50.8)

70.5+282(39.9-123.9)
7214£256(421-117.6)

0.06 (0.02-0.50)
0.07 (0.02-041)

0.47(0.32-1.18)
046 (0.32-1.40)

1.93 (0.39-3.62)
2.00 (0.49-3.49)

1.73£0.96 (0.23-4.09)
1.68+0.84 (0.28-3.89)

345+86(23.1-504)
36.2+£9.0(18.0-53.6)

588+£20.1(35.0-123.3)
63.01+16.8 (44.2-117.4)

0.08 (0.03-0.50)
0.08 (0.03-0.18)

0.50 (0.35-2.34)
0.56 (0.36-1.22)

1.80 (0.78-4.09)
1.68 (0.67-3.54)

1.3940.55 (0.50-2.67)
1.39£0.55 (0.45-2.63)

35.0+9.0(16.3-52.3)
354+£9.0(144-53.6)

64.6+£24.9 (35.0-123.9)
67.6421.9(42.1-117.6)

0.07 (0.02-0.50)
0.07 (0.02-0.41)

048 (0.32-2.34)
048 (0.32-1.40)

1.83(0.39-4.09)
1.82(0.49-3.54)

1.56£0.79 (0.23-4.09)
1.534+0.72 (0.28-3.89)

Data are mean =+ SD (range) for flow at BAM firing, PIF, and total inhaled volume, and median (range) for time to BAM firing, time to PIF, and total inhalation time

BAM breath-actuated mechanism, PIF peak inspiratory flow
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Fig. 3 COPD study: mean inspiratory flow over time by GOLD Grade
(first inhalation). Values on the right of the plot area are the minimum
and the maximum mean flows at BAM firing across GOLD Grades.
GOLD Global Initiative for Chronic Obstructive Lung Disease, BAM
breath-actuated mechanism

with FEV; 50-80% (Grade 2); 21 with FEV; 30-50%
predicted (Grade 3); and 10 with FEV;<30% predicted
(Grade 4). Three patients were excluded from the analy-
ses (two did not have inhalation profiles available [one
GOLD Grade 1 and one Grade 3], and one due to an
inaccurate COPD diagnosis [Grade 1]). For the remaining
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Fig. 4 COPD study: scatter plot of PIF versus flow at BAM firing
(first inhalation). PIF peak inspiratory flow, BAM breath-actuated
mechanism

69 patients, mean+SD age was 67.9+8.3 years (range
44-80 years), 58 (84.1%) were male, 21 (30.4%) were cur-
rent smokers, post-bronchodilator FEV, was 48.7 +20.0%
predicted (range 17-92%), with post-bronchodilator
FEV;, to forced vital capacity ratio 0.52£0.11 (0.22-0.69).

Outcomes
All patients, regardless of airflow limitation, were able to
trigger the BAM, as evidenced by the inhalation counter
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Table 2 COPD study: inspiratory flow profile from acoustic monitoring
GOLD Grade Total (N=69)
1(N=19) 2 (N=20) 3(N=20) 4(N=10)

Flow at BAM firing, L/min
First inhalation 429464 (28.8-52.1) 40.3+4.2 (33.8-50.9)
Second inhalation  43.6+7.4 (32.5-57.1) 40.8+5.6 (26.6-47.4)
PIF, L/min
First inhalation 7414208 (47.7-1254) 69.1+17.7 (45.3-103.4)
Second inhalation  71.9422.1(45.1-1359) 7054129 (454-90.7)
Time to BAM firing, s

First inhalation 0.10 (0.06-0.49) 0.14 (0.05-0.49)

Second inhalation  0.21 (0.06-0.53) 0.13(0.05-0.31)
Time to PIF, s

First inhalation 0.58 (0.38-1.56) 0.54 (0.36-1.17)

Second inhalation  0.56 (0.38-1.70) 0.60 (0.36-1.31)
Total inhalation time, s

First inhalation 2.73(1.86-4.24) 2.38(0.96-3.34)

Second inhalation  2.68 (1.87-4.30) 2.33(1.18-3.50)

Total inhaled volume, L
First inhalation 2284067 (1.27-4.05) 1.70£0.60 (0.51-2.66)
Second inhalation  2.1540.76 (1.18-4.36) 1.73+0.54 (0.68-2.42)

41.14+70(18.1-514) 448+7.5(29.2-56.2) 419+6.3(18.1-56.2)
434452 (34.1-56.5) 41.046.9(30.1-48.6) 424462 (266-57.1)

63.5+15.0(40.5-97.5)  635£20.2(31.5-104.5) 68.04+184(31.5-1254)
664+17.8(413-101.7) 553+£143(320-823) 676+17.9(32.0-1359)

0.16 (0.02-0.63) 0.14 (0.07-0.49) 0.13(0.02-0.63)
0.16 (0.07-0.72) 0.15(0.05-0.31) 0.16 (0.05-0.72)
0.54 (0.11-1.46) 0.53 (0.42-0.99) 0.54 (0.11-1.56)
0.63(0.11-1.37) 045 (0.19-1.05) 0.59(0.11-1.70)
2.33(0.98-4.03) 2.21(0.77-3.20) 2.51(0.77-4.24)
240 (1.45-3.78) 2.11 (0.46-3.09) 244 (0.46-4.30)

1.75£0.73 (0.38-3.65) 1.51£062 (0.31-2.26) 1.85£0.70 (0.31-4.05)
1.734+0.56 (065-2.83)  1.23+£0.62 (0.17-1.97) 1.78+£0.67 (0.17-4.36)

Data are mean £ SD (range) for flow at BAM firing, PIF, and total inhaled volume, and median (range) for time to BAM firing, time to PIF, and total inhalation time

GOLD Global Initiative for Chronic Obstructive Lung Disease, BAM breath-actuated mechanism, PIF peak inspiratory flow

being activated on closing the device. Inspiratory flow
through the device was consistent with the degree of
airflow limitation, being slightly higher in patients with
GOLD Grades 1 and 2 than Grades 3 and 4 (Fig. 3 and
Table 2). Importantly, however, all patients had a PIF
above the BAM firing value on both inhalations, indi-
cating that they were able to use the device effectively,
regardless of airflow limitation (data from the first inhala-
tion are shown in Fig. 4).

The slope of the curves at the start of inhalation
(indicating flow acceleration) was steep and consistent
across GOLD Grades (Fig. 3). Furthermore, both the
flow at and time to BAM firing were consistent across
all GOLD Grades, and similar for the first and second
inhalations, indicating highly consistent and reproduc-
ible device performance, independent of the severity of
airflow limitation (Table 2). In the usability question-
naire, in all cases the inhalation counter appearance
was clear, a click was heard on opening the inhaler and
after drug inhalation and 5 min was sufficient time to
train patients in the use of the device (Additional file 1:
Table S2).

Discussion

All patients in both studies were able to generate suf-
ficient inspiratory flow to trigger the BAM, with firing
occurring with a flow as low as 14.4 L/min in the asthma

study and 18.1 L/min in the COPD study. The mean flow
at BAM was similar in the two asthma groups, and was
similar across the four airflow limitation categories in the
COPD study, as was the time to BAM firing, indicating
that disease characteristics did not impact the ability to
trigger dose delivery in either disease. Furthermore, the
mean time to BAM firing was early in the inhalation
manoeuvre. Importantly, the inhalation counter activated
on closure for all patients, confirming that all patients
were able to activate the device, and a click was heard
soon after inhalation in all cases, providing additional
confirmation of BAM firing.

Interestingly, the inspiratory flows generated through
the NEXThaler in the COPD study were overall larger
than those in the asthma study. Although this may
appear counter-intuitive (and differs from data in two
previous studies with different DPIs [11, 12]), there was
no requirement for bronchodilator washout prior to the
use of the NEXThaler, so comparing the two populations
is difficult, as is comparing these data with standard pop-
ulations. Furthermore, our data are from two different
studies (even though the designs of the studies were very
similar), and no formal comparisons between the studies
have been performed. In addition, the data are the peak
flows achieved through the device, rather than peak flows
generated through a spirometer, and so the data could be
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influenced by the instructions for use and the character-
istics of the device itself.

The combination of the BAM and the dose counter
only being activated following adequate inhalation means
that the dose counter on the NEXThaler is effectively
an ‘inhalation counter’ providing feedback on success-
ful dose release. This is a key distinction between the
NEXThaler and the Ellipta and the Turbuhaler multi-
dose DPIs [13]. In these other devices, the inhalation
counter is activated on priming, so that if the patient does
not use the dose (either deliberately or accidentally) it
is wasted [14, 15]—but more importantly this does not
give any indication of correct use. In addition, although
we did not evaluate dose delivery in the current stud-
ies (given we used placebo devices), a previous in-vitro
study has demonstrated flow independency through the
NEXThaler for inspiratory flows ranging from 30 to 90 L/
min (at inhalation volumes of 2 and 4 L), with delivered
doses remaining with a variation largely within415% of
the specification value (although the fine particle frac-
tion, expressed as a percentage of the delivered dose,
and the fine particle mass both increased with increasing
flow) [8]. This is an important consideration given the
impact of disease characteristics on the mean inspira-
tory flow that we observed in these two studies, and given
we observed a range in PIF of 35.0-117.6 L/min in the
asthma study and 31.5-135.9 L/min in the COPD study.
A similar impact of disease characteristics on inspiratory
flow through DPIs has been observed at least one other
study [16], whereas two studies in patients with COPD
showed no clear correlation using the Diskus, Ellipta,
HandiHaler and Easyhaler DPIs [17, 18]. These con-
trasting results emphasise the importance of flow inde-
pendency of dose delivery, as it is potentially difficult to
predict the flow that a patient can generate through a
device purely based on their disease characteristics.

The usability assessments in these two studies were
consistent with the results of a previous study conducted
in patients with asthma, in which the usability of the
NEXThaler was compared with the Diskus and Turbu-
haler [10]. In this previous study, in addition to overall
ease of use the NEXThaler was rated by patients as supe-
rior to the two other DPIs in terms of the time to set up,
and to read the instructions for use, and the proportion
of participants who completed an error-free successful
inhalation was significantly higher for the NEXThaler.
We acknowledge that the data from these two studies are
from evaluations performed immediately after patients
were trained on correct device use. These data there-
fore don’t necessarily reflect ‘real world’ use. However,
given the dose counter only activates following successful
inhalation, if a patient did not generate sufficient inspira-
tory flow during a manoeuvre this will be immediately
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apparent. The wide variability of flow at BAM firing
could be because activation occurred early in the inha-
lation manoeuvre (after a mean of 0.07 s in the asthma
study and 0.13-0.16 s in the COPD study), and which
is at the steepest part of the flow—time curve when the
flow is increasing rapidly. In addition, given the data were
captured after patients had used the device only for the
second or third occasion (assuming they only using the
training device once), it is possible that the sound of the
device actuating may have influenced their manoeuvre.

Conclusions

The NEXThaler multi-dose DPI has a BAM with a dose
counter that activates solely following inhalation (so
effectively an inhalation counter). The two studies dem-
onstrated that patients with controlled and partly con-
trolled/uncontrolled asthma, and those with a range of
severities of COPD were able to trigger the BAM and
consequently activate the inhalation counter, thus receiv-
ing feedback on inhalation.
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