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Abstract

Background:Dry powder inhalers (DPI) are effective but forceful inhalation required to

fluidize the powder may be difficult for children and patients with airway disease.

Inspiromatic is a new generation active DPI that actively suspends drugs in synchrony

with inhalation. We evaluated safety and efficacy of Formoterol delivery via

Inspiromatic, compared toAerolizer, a conventionalDPI, in pediatric asthmatic subjects.

Methods: A phase I/II, randomized, single-center, double-blind, double-dummy,

placebo-controlled, cross-over study. Subjects aged 8-18 years with FEV1 40-80%

predicted were included. Patients were randomized to inhale Formoterol via the

Inspiromatic, immediately followed by the placebo via the Aerolizer or vice versa, in a

double-blind fashion. Spirometry, blood pressure, and heart rate were measured at

baseline and 15, 30, and 60min after drug administration. Capsule emptying, comfort

of use, confidence in efficacy, and patient satisfaction were assessed. At a subsequent

visit, three months later, patients inhaled the active drug via the other DPI.

Results:Twenty-nine patients, aged 12.6 (±2.3) years,mean (SD), completed the study.

Baseline FEV1was 69.1 (±6.7) % at visit one and 65.3 (±9) % at visit two.Maximal FEV1

increasewas16.6 (±7.1)%with Inspiromatic and15.5 (±7.5)%withAerolizer (P = 0.47).

No differences in heart rate or blood pressure were observed; 24/28 capsules were

emptied using the Inspiromatic and 19/28with theAerolizer (P = 0.5); 21/28 preferred

the Inspiromatic and 7/28 the Aerolizer (P < 0.001). There were no adverse events.

Conclusions: Formoterol inhalation via the Inspiromatic is safe and as efficacious as

with the Aerolizer. The device is well accepted by asthmatic subjects.
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1 | INTRODUCTION

Asthma can be treated effectively using inhaled medications, but the

benefit depends greatly on route and technique of administration. The

broad gamut of available devices can be divided into three groups, each

with its drawbacks: Nebulizers are bulky and deliver drugs slowly with

deposition that varies with humidity, atmospheric pressure, compres-

sor strength, cup structure, and breathing technique.1 Pressurized

metered dose inhalers (pMDI) are small and portable and deliver a

predetermined dose. However, the dose is released at extremely high
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speed, impacting the oral cavity, and resulting in ingestion and systemic

absorption.2 Hence, spacer devices are a necessary adjunct to pMDIs

for young children and those with poor coordination.3

Dry powder inhalers (DPIs) are attractive devices for a number of

reasons. The drugs are stable in all weather conditions and have a long

shelf-life. As particle size correlates with targeted lung regions,

pulmonary distribution can be predicted more accurately than with

pMDI devices.4 DPIs employ breath activation and are hence

synchronized with the patient's inspiration, which reduces particle

deposition in the pharynx. However, with current DPIs, in particular

low resistance devices, aerosol performance is often flow-rate

dependent and optimal inhalation flow is difficult to achieve.5,6

Shallow inhalations result in insufficient fine particle de-agglomeration

and may result in increased oropharyngeal deposition.7–10 In their

current formulation, DPIs are not suitable for infants, and small

children who depend on valved holding chamber for drug delivery.

Lung deposition is further determined by the internal device

design and physicochemical properties of the powder.11 Current

particle packaging methods lead to formation of particle clusters,

which require forceful and rapid inhalation to fluidize the powder and

separate the active particle ingredient (API) from its carrier.5,6 This is

not easily achieved by children, who tend to inhale with suboptimal

effort, technique, and coordination.12 New generation active DPIs are

being developed to respond to this need. They utilize additional

electrical or mechanical energy to disperse powder prior to inhalation,

reducing the inspiratory flow required.

The “Inspiromatic” (Inspiro Medical, Nes Ziona, Israel), Figure 1, is a

proprietary battery-operated microprocessor-controlled DPI designed to

actively suspend dry powder drugs in synchrony with inspiration, even

withminimal active cooperation. The “Aerolizer” (PlastiapeS.p.A.,Osnago,

Italy) is a passive DPI suitable for children with low inspiratory flows.

In the present phase I/II study, we aimed to establish the safety of

the Inspiromatic and compare efficacy of Formoterol delivery in

asthmatic children to that using the Aerolizer. For this first in-human,

proof of concept study, we chose older, stable asthmatic children fully

able to cooperate with the required respiratory maneuvers using both

devices. The primary outcome measure was change in FEV1,

hypothesizing that the Inspiromatic would be non-inferior to the

Aerolizer. Secondary outcomemeasureswere blood pressure and heart

rate as surrogate markers for a systemic effect, device performance

assessed by capsule emptying, patient satisfaction, and preference.

2 | MATERIALS AND METHODS

This phase I/II, randomized, single-center, double blind, double

dummy, placebo controlled cross over study evaluated the safety,

and efficacy of Formoterol delivery using the Inspiromatic device in

children with asthma. It was conducted at the Pulmonary Institute of a

tertiary hospital, Schneider Children's Medical Center of Israel.

Approval was gained from the Institutional Review Board, number

0401-11-RMC. Informed written consent was obtained from eligible

patients and their caretakers prior to study enrolment.

2.1 | Study population

We included patients between 8-18 yearswith a physician diagnosis of

asthma, consecutively attending our pulmonology clinic for routine

followup during stability.We stipulated that baseline FEV1 had to be in

the range of 40-80% predicted using the equations of Polgar and

Veruni.13Maintenance treatmentwas continued throughout the study

period, as deemed necessary by the treating physician to preserve

asthma control. Those with higher FEV1 at baseline underwent an

exercise challenge test using a treadmill and a standardized exercise

challenge test protocol according to ECSC/ERS exercise guidelines14

and were included if the post-exercise FEV1 met the inclusion criteria.

Exclusion criteria were inability to cooperate, pregnancy, milk

allergy (as lactose was the carrier molecule for Formoterol), other

obstructive airway disease (eg, cystic fibrosis, bronchiectasis, bron-

chiolitis obliterans, chronic lung disease of prematurity), and any

previous exposure to the Aerolizer inhaler.

2.2 | The inspiromatic

The Inspiromatic (Figure 1) is an active DPI, designed to suspend drugs

in synchrony with inhalation, thus increasing fine particle lung

deposition. It is initiated by loading a prefilled size three standard

gelatin drug capsule in a chamber, where it is manually pierced using a

built-in microneedle. A thermal flow sensor registers the patient's

inspiratory flow, sampling every 20ms, and sends a signal to a

microcontroller in the control unit within the electronic circuit. As soon

as a flow rate of 7 L/min is detected, a solenoid valve opens, releasing a

pulsed vortex flow, generated by a miniature electric air pump. The

flow reaches the inside of the drug capsule via the holes previously

pierced and creates a spinning motion within it, generating high sheer

forces on the drug particles (Figure 2), separating the active

pharmaceutical ingredient (API) from the lactose carrier and delivering

the drug out of the capsule. A small particle cloud is created adjacent to

the mouthpiece during the first 20ms of inhalation. The remainder of

the inspiratory limb is used to disperse the powder in the lung. The

relationship between pulse length and amount of drug dispersed is

shown in e-image of the online Supplementary Figure S1.

As an active DPI, the Inspiromatic is not entirely flow rate

dependent as, once the inspiratory flow exceeds 7 L/min and the active

de-agglomeration mechanism via the vortex flow is triggered, the

particle cloud is released irrespective of further flow rate increase.

However, as with all DPIs it is likely that oropharyngeal deposition

increases with increasing inspiratory flow rates. The microcontroller

within the electronic circuit monitors drug delivery time and provides

real time feedback indicating the required inspiratory flow rate using a

traffic light signal. The threshold for changing the light from red to green

is an inspiratory flow rate ator above10 L/min. Theattacheddata logger

utilizes an erasable programmable read-onlymemory chip (EPROM)and

provides detailed information on the patient's performance.

The capsule chamber and breathing tunnel are made of polyox-

ymethyline (Derlin). A protective stainless steel net is located at the

proximal endof thebreathing tunnel at themouthpiece. Thecostof goods
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sold (COGS) of the Inspiromatic device in the current format, not including

themedication itself, is estimated at below $10 per unit for bulk supply. It

may rise with the future use of durable and disposable units.

2.3 | The aerolizer inhaler

The aerolizer is a passive DPI with medium intrinsic resistance,10

generating a pressure drop of 4 kPa at 60 L/min. It weighs 23 g at a

size of 7 × 4 × 2 cm. It releases 70% of the metered dose at an

inspiratory flow of 28 L/min, achieving a particle size of 7.9 μm.

Increasing the flow to 40 L/min, the average particle size decreases

to 4.4 μm.15 It is a single dose system that uses gelatin capsules for

drug formulation. Originally developed as a unique patented design,

it later became available as a delivery platform for many original

inhalation products.15,16 The Aerolizer was chosen for comparison,

because of its proven track record of effective and reliable drug

delivery at relatively low flow rates17 as well as its use of gelatin

filled capsules. These characteristics were similar to the Inspiromatic.

2.4 | Study protocol

Patients were instructed to discontinue any controller medications

24 h prior to the clinic visits and avoid beta-agonists on the mornings

FIGURE 1 Schematic illustration of the Inspiromatic (Inspiro Medical) device

FIGURE 2 Simulation of forced vortex flow in standard drug
capsule. A forced vortex flow is actively applied to the drug capsule,
creating a spinning motion within, generating high sheer forces, and
separating the active particle ingredient from the lactose carrier
molecule
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of attendance. Demographic details, medical history, spirometry

parameters, blood pressure, and heart rate were recorded at

baseline. Patients were trained in the use of both devices and

asked to perform one inhalation with each inhaler in immediate

sequence, one containing 12mcg Formoterol and the other placebo

according to a double blind sequential computer randomized

protocol, run centrally by the contract research organization. The

placebo capsule contained the same amount of the carrier molecule,

lactose, as the Formoterol capsule, so that its taste was identical. The

outer coating of the placebo capsule employed, (size 3) and weight,

were also identical to the one containing the study drug. Both

capsules were prefilled and pre-labelled by the contract research

organization, and physicians, lung function technicians, and patients

remained blinded to the nature of the capsules. Inhalations were

performed under the close guidance of the lung function technician,

who punctured the capsules. Patients were trained in how to use the

inhalers as follows: for the Inspiromatic, breathing instructions were

to: a) perform a full expiration down to residual volume; b) attach the

lips to the mouth piece; and c) inhale slowly up to total lung capacity.

Patients were asked to keep at the inspiratory flow that triggered the

green light feedback response. For the Aerolizer, subjects were

instructed to: a) perform a full expiration down to residual volume; b)

attach the lips to the mouth piece; and c) perform a rapid and deep

inspiration maneuver, in accordance with the manufacturer's

directions. If no whirring noise, indicating powder release, was

heard, patients were asked to open the inhaler, and loosen the

capsule so it could spin freely.

Pulmonary function was measured in the lung function

laboratory of the Pulmonary Institute at Schneider Children's

Medical Center of Israel according to the American Thoracic Society

guidelines.18 Spirometry was performed with a ZAN 100 flow sensor

(ZAN Messgerate, nSpire Health, Inc., Longmont, CO) at baseline and

15, 30, and 60min after drug and placebo administration to

determine clinical efficacy. Results were expressed as a percent of

predicted normal values using the equations of Polgar.13 Blood

pressure and heart rate were also measured at these time points as

indirect indicators of oral absorption and systemic beta agonist

effect. For patients who underwent exercise challenge, pre-exercise

heart rate, and blood pressure were used as baseline measurements.

Drug clearance was determined qualitatively by the technician

who inspected the capsule content after each use classifying it as

“empty,” that is, no or almost no visible powder left, or “not empty.”

Patients’ inspiratory flow rates were recorded over a period of 6 s

from the onset of inhalation through the Inspiromatic and down-

loaded from its data logger. After the first visit, patients were asked

to rate comfort of use with each DPI as “uncomfortable,” “reasonably

comfortable,” or “very comfortable.” Patients were also asked to

state whether they were “convinced it works,” “convinced it does not

work” or “unsure.” Finally, they were prompted to indicate which

device they would prefer to use. A second visit was carried out

within 3 months of the first visit, following the same protocol, this

time with the patient inhaling the active drug via the DPI that had

been used for placebo during visit one.

2.5 | Statistics

Considering the primary outcome variable to be the change in percent

predicted FEV1, we tested the null hypothesis that the mean difference

within pairs (each child being treatedwith the two inhalers)wouldbe zero.

The criterion for significance (Alpha)was set at 0.05.Weused a two-tailed

testmeaning thataneffect ineitherdirectionwouldbe interpreted.Witha

proposed sample size of 30 cases, we found that the study would have a

power of 94.2% to detect a statistically significant difference.

Demographic and baseline condition related characteristics were

tabulated. Continuous variables such as age, FEV1, blood pressure, and

heart rate were summarized by mean and standard deviation;

categorical variables by count and percentage. For comparison of

means (continuous variables), the paired samples t-test or theWilcoxon

signed-rank test was used, as appropriate. To examine changes in

spirometry parameters over time, time trend analysis was performed

using One-way ANOVA following post hoc analysis using Tukey's

procedure.Where sample size was small, we used Fisher's exact test for

contingency analysis. Statistical analysis wasperformed using IBMSPSS

statistics for Windows, version 24 (IBM Corp., Armonk, NY).

3 | RESULTS

3.1 | Patients

Thirty-one patients were recruited. One patient failed to achieve effective

inhalation with either device and was excluded from the study. A second

patient was diagnosed with bronchial adenocarcinoma during the study

period and removed from the analysis. Nine (31%) patients using the active

drug via the Inspiromatic and 12 (41.4%) patients via the Aerolizer

underwent exercise tests prior to dropping FEV1 to below 80% (P=0.249).

Baseline characteristics of the 29 included patients are shown in Table 1.

3.2 | Relief of airway obstruction with formoterol via
inspiromatic versus aerolizer

Treatment with Formoterol via both inhalers achieved a clinically

significant mean improvement in airflow of more than 12% at every

time point, see Table 2. Maximal improvement in FEV1 was noted one

hour post inhalation with both devices. At none of the time points was

there a significant difference in FEV1 between the devices (Figure 3).

3.3 | Systemic response

Clinical signs of systemic response, evaluated using blood pressure and

heart rate measurements at 15, 30, and 60min post bronchodilator

compared to baseline are shown in Table 3. No significant differences

were observed between the devices.

3.4 | Device performance

Of the 29 patients, one discarded the capsule prior to the inspection

and was therefore removed from this analysis. For the remaining 28,

capsules were emptied following active drug delivery in 24 (86%) with

the Inspiromatic and 19 (68%) with the Aerolizer (P = 0.205). In all four
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cases in which capsules had not been fully emptied with the

Inspiromatic, FEV1 values at 15min post treatment had still improved

by >12%. For only two of the nine patients who failed to completely

empty the capsule using the Aerolizer, did the FEV1 improve >12% at

15min post treatment (P = 0.021). All seven who failed to improve at

15min did improve by >12% at 30 and 60min post Formoterol.

The average inspiratory flow rate over 6 s of inspiration, downloaded

from the Inspiromatic data logger on all 58 test occasions for release of

Formoterol and placebo, was 21.3 (±9.3) L/min, mean (SD). Average flow

rates of below 15 L/min were observed on 17 test occasions in 11

patients.On15of theseoccasions, thecapsulewasemptiednevertheless.

Peak flow rate was 28.7 L/min (± 11.7), mean (SD). On all occasions, peak

flow exceeded the 7 L/min required for triggering the vortex flow.

3.5 | Patient satisfaction

The questionnaire was completed by 28 of the 29 subjects. For the

Inspiromatic, 26 (89.7%) were convinced it had delivered the drug

effectively, none thought drug delivery was ineffective and 3 (10.3%)

were unsure. Twenty-one (72.4%) of 28 were convinced the Aerolizer

had delivered the drug effectively, 2 (6.9%) thought drug delivery was

ineffective, and 6 (20.7%) were unsure. There was no statistical

difference between the groups, P = 0.171. Of the 28 responders, 19

(67.9%) rated the experience with the Inspiromatic as “very comfort-

able,” 9 (32.1%) “reasonably comfortable” and 0 “uncomfortable.”

Fourteen (50%) found the Aerolizer “very comfortable” to use, 11

(39.3%) “reasonably comfortable” and 3 (10.7%) “uncomfortable.”

Although more patients rated the Inspiromatic comfortable, the

differences did not reach statistical significance (P = 0.138). Twenty-

one (75%) overall preferred the Inspiromatic and 7 (25%) the Aerolizer

(P < 0.001).

3.6 | Adverse events

No adverse events were reported following drug delivery with either

inhaler.

TABLE 1 Baseline characteristics for entire group, independent of
which inhaler delivered the active drug (n = 29)

Age (years)

Mean (SD) 12.6 (2.3)

Median (range) 13 (8-17)

Anthropometry

Height (cm) 155.9 (12.3)

Weight (kg) 47.1 (10.4)

BMI (kg/m2) 19.2 (2.7)

Gender

Male, n (%) 18 (62.1)

Female, n (%) 11 (37.9)

FVC % predicted

Visit 1 86.6 (8.7)

Visit 2 84.1 (9.6)

FEV1 % predicted

Visit 1 69.1 (6.7)

Visit 2 65.3 (9)

FEF25-75 % predicted

Visit 1 50.3 (16.9)

Visit 2 46.4 (17.6)

Values are expressed as mean (SD) unless indicated otherwise.

FIGURE 3 Effect of Formoterol administered via Inspiromatic
versus Aerolizer on FEV1% predicted at baseline, 15, 30, and 60min
post-inhalation. Values shown represent mean with SD displayed in
brackets. P-value indicates between-group differences at every time
point

TABLE 2 Change in spirometry parameters from baseline following inhalation of Formoterol from Inspiromatic and Aerolizer

% change from baseline, mean (SD)

Time post bronchodilator (min) Parameter Inspiromatic (n = 29) Aerolizer (n = 29) P-value (paired t-test)

15 FVC 4.34 (5.4) 5.48 (7) 0.663

FEV1 13.9 (6.3) 13 (6.9) 0.432

FEF25-75 23 (14.1) 24.97 (12.2) 0.088

30 FVC 6.03 (5.9) 6.38 (7) 0.251

FEV1 14.9 (6.3) 14 (6.6) 0.521

FEF25-75 46.34 (39.3) 28.8 (13) 0.297

60 FVC 6.48 (6.9) 7.83 (6.8) 0.802

FEV1 16.6 (7.1) 15.5 (7.5) 0.488

FEF25-75 28.34 (16.4) 31.55 (14.9) 0.235
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4 | DISCUSSION

In this phase I/II, randomized, double-blind cross over study we have

demonstrated the safety, and efficacy of Formoterol delivery to

asthmatic children via the Inspiromatic, an innovative device that

actively suspends dry powder drugs in synchrony with the patient's

inhalation. Moreover, we demonstrate its non-inferiority compared to

the Aerolizer in terms of bronchodilation at all time points evaluated.

Although the Inspiromatic scored higher in capsule emptying and

comfort domains, due to the small sample size, this did not reach

statistical significance, except for overall preference.

When using inhalers, children with asthma display peak inhalation

flows, pressures, and acceleration rates that are inferior even to adults

with severe emphysema. Variability is high and the true effective dose

is difficult to ascertain.19 Lung deposition may be optimized by

applying inspiratory flows that are sufficiently high to achieve drug

release and de-agglomeration of the API, but not too high, as to avoid

oropharyngeal deposition.20,21 The Inspiromatic may respond to this

need.Once its sensor registers relatively low patient flow rates, the de-

agglomeration process is triggered. As the release of the API from the

carrier is effected by an inner pump rather than depending on the

patient's inspiratory flow, reliable administration is expected to be

achieved even with shallow inhalation, as may be expected in children

and those with acute asthma exacerbation. Preclinical data show that

this active mechanism enabled highly efficient drug dispersion.

However, lung deposition beyond this initial dispersion would also

depend on the patient's inhalation characteristics which in some cases

may be a limiting factor.

Indeed, our cohort displayed rather low average flow rates of

21.3 L/min and achieved excellent bronchodilator response. Inspir-

omatic driven drug delivery resulted in more rapid bronchodilation in

patients whose capsules were incompletely emptied, possibly implying

more effective API de-agglomeration. In the current study, with older

children in a stable condition, capsule emptying was sufficient to

achieve bronchodilation in all cases. Delivered doses as low as 60%

were shown to still achieve effective lung delivery.17 The advantage in

improved capsule emptying using the Inspiromatic may be more

important in cases of transiently or chronically decreased inspiratory

flows, such as in young children, neuromuscular patients, the elderly or

during asthma7 or COPD,9 exacerbations. The scope of developing

active DPIs that can reliably deliver stable effective drug doses is

therefore broader than examined here and includes non traditional

indications such as diabetes,22 non small cell lung cancer,23 and

bacteriophages for antibiotic resistant respiratory infections.24

Other approaches to increase fine particle dose have recently

been proposed, for example, the use of an add on accessory device to

the DPI, the “Axial Oscillating Sphere” (Respira Therapeutics Inc.),

which uses a small spherical bead oscillating in a cylindrical chamber to

promote powder dispersion.25 Next to enhanced aerosol dispersion, it

was shown in vitro tominimize flow rate dependency resulting in more

consistent lung dosing. A further active DPI, developed by MicroDose

Therapeutx, uses a piezoelectric system to de-aggregate and aerosol-

ize drug and excipient from a foil dosing blister. Upon detection of an

inhalation flow signal, synthetic jets are dispersed by the piezo vibrator

to transport the aerosol through pierced holes in the blister,

independent of inhalation velocity, and inhaler orientation.26

Advantageous features of the Inspiromatic, as an example of

new generation active DPIs include: a) its use of easily loaded,

commercially available drug capsules; b) live feedback to guide

inspiratory flow intensity; and c) ability to download data on patient

performance and compliance. The latter is of particularly high value

in the “big data” era and has potential to inform future compliance

and efficacy studies.

This study has a number of limitations. Other than small sample

size and single center design, we included patients who had a normal

FEV1 at the time of clinic attendance, as long as their post exercise

FEV1 dropped to below 80% predicted. The performance of an

exercise challenge might have caused release of broncho-constrictive

TABLE 3 Blood pressure and heart rate 15, 30, and 60 min post Formoterol administration as marker of systemic response, compared between
Inspiromatic versus Aerolizer devices

Device delivering active drug

Time post bronchodilator (minutes) Inspiromatic (n = 29) Aerolizer (n = 29) P-value

Blood pressure, systolic- % of baseline, mean (SD)

15 104.3 (11.1) 99.4 (25.7) 0.89

30 102.3 (10.5) 104 (10.9) 0.97

60 102.5 (11.8) 101.1 (27.0) 0.56

Blood pressure, diastolic- % of baseline, mean (SD)

15 105.4 (15.0) 99.4 (25.7) 0.89

30 104.1 (19.5) 107.6 (12.0) 0.60

60 98.7 (16.8) 101.8 (26.0) 0.85

Heart rate- % of baseline, mean (SD)

15 106.5 (14.8) 104.6 (17.3) 0.64

30 103.5 (13.2) 102.9 (16.0) 0.63

60 101.8 (14.7) 104.7 (19.9) 0.50
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mediators, such as leukotrienes, tryptase, prostaglandin, and hista-

mine, leading to a different pattern of bronchoconstriction from those

attending the clinic with resting bronchoconstriction. It might be

argued that bronchodilator “response” following exercise simply

represented regression to the mean rather than true drug related

reversibility. Nevertheless, a similar proportion of patients in each

group were included following exercise, so that no bias was

introduced. Due to small numbers, we did not perform sub-group

analysis of the post-exercise group. Inspiratory flows could only be

measured with the Inspiromatic device. Flows applied through the

Aerolizer might have been higher or lower, even in the same subject on

the same day, owing to its differentmechanical properties and absence

of traffic light feedback system. Any impact of this potential difference

on the outcomes measured is speculative. Aerosolization of DPIs is

highly dependent on the properties of the formulation,27 and results

from this study using Foradile™, containing 12 µg Formoterol fumarate

and 20 g lactose, cannot automatically be extrapolated to other

formulations. Our pre-clinical laboratory set-up did not include particle

size measurements for Formoterol via the Inspiromatic. Although it

uses an active release mechanism and as such is not entirely flow rate

dependent, this might have shed some light on lung distribution in

comparison to the Aerolizer. The Inspiromatic was developed as an

experimental inhaler and the current study served as a proof of

concept. In this initial study of safety and efficacy we evaluated older

children, able to expire to residual volume and inspire to total lung

capacity. In order to assess efficacy in young children unable to

complete these maneuvers, a trial aimed at this younger age group

would be important. Finally, the high cost of the Inspiromatic in its

current format clearly exceeds that of the Aerolizer and similar devices

currently on the market. Unless the price is markedly reduced, its use

might be limited to those who stand to benefit most from its

mechanism, that is, young children, elderly and others with reduced

inspiratory flow.

In summary, we have shown that Formoterol inhalation via the

Inspiromatic is safe and as efficacious as with the conventional

Aerolizer DPI. The device is well accepted by asthmatic subjects. The

benefits of this novel activemechanismmust be substantiated in larger

pediatric asthma populations that include younger subjects and

applied to patients with additional indications, such as COPD and

neuromuscular disease.
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