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Abstract

Background: Adaptive Aerosol Delivery (AAD) systems provide efficient drug delivery and improved lung
deposition over conventional nebulizers by combining real-time analyses of patient breathing patterns and
precisely timed aerosol delivery. Delivery and deposition are further enhanced by breathing techniques in-
volving slow, deep inhalations.
Methods: This exploratory study assessed the acceptability of slow, deep inhalations in 20 patients with cystic
fibrosis (CF) during up to eight simulated nebulizer treatments with the I-neb AAD System. The breathing
maneuver, Target Inhalation Mode (TIM) breathing, involved the lengthening of the patient’s inhalation time
over successive breaths with guidance from auditory and tactile (vibratory) feedback from the device.
Results: At the end of the first treatment, most patients felt that the instructions were easy to understand (90%)
and that the vibratory feedback was pleasant (65%). Half of the patients found the procedure to be comfortable.
At the end of the final treatment, most patients felt that the breathing maneuver was easy to understand (90%)
and use (80%), but that the duration of the breath was too long (100%). Logged data revealed that 90% of
patients were able to comply with the breathing maneuver. The two patients unable to comply had a forced vital
capacity of <1.75 L. The average treatment time decreased from 288.4 to 141.6 sec during the first and final
treatments, respectively.
Conclusions: This study provides preliminary evidence of the acceptability of the TIM breathing maneuver in
patients with CF and their ability to perform repeated TIM breathing during simulated nebulizer therapy with
the I-neb AAD System.
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Introduction

Cystic fibrosis (CF) is the most common lethal autosomal
recessive disorder in Caucasians.(1) The medical treat-

ment of CF involves multiple inhaled therapies to manage
associated pulmonary complications, the primary source of
morbidity and mortality in CF.(2) Despite the fact that nebu-
lized drug therapy in CF may result in increased survival,
improved lung function, fewer exacerbations, and mini-
mal systemic effects and adverse events, variability in aero-
sol delivery, lung deposition, and clinical response is
common.(3–11) In addition, the large amount of time required

to administer inhaled therapies, as well as the specific pre-
cautions that must be taken to minimize contamination of
room air and caregiver exposure, may pose a challenge to
adherence with treatment and compliance with proper device
use.(12–15) Thus, the choice of aerosol delivery system is an
important consideration when prescribing nebulized thera-
pies for patients with CF.

More than 60% of the drug delivered by conventional
nebulizers is wasted to the environment.(16) Furthermore,
aerosol lung deposition with conventional nebulizers is
highly dependent on the pulmonary morphology and ven-
tilatory pattern of the patient, which may vary considerably
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among those with pulmonary deficits.(9,17,18) The Adaptive
Aerosol Delivery (AAD; Philips Respironics, Respiratory
Drug Delivery (UK) Ltd, Chichester, UK) technology was
designed to improve upon conventional nebulizer systems
by adapting aerosol delivery to the individual patient, based
on the patient’s breathing pattern.(19–21)

The first- and second-generation AAD Systems—HaloLite
and Prodose—have been successfully used in clinical studies
involving patients with CF, and have been associated with
more efficient drug delivery and greater patient preference
compared with conventional nebulizers.(22,23) The design of
the third-generation I-neb AAD System is based on a vi-
brating mesh technology.(21) The I-neb AAD System has been
designed to deliver aerosol with two different breathing
pattern algorithms, the Tidal Breathing Mode (TBM) and the
Target Inhalation Mode (TIM).(24) During TBM, the patient
inhales spontaneously during tidal breathing and aerosol is
pulsed during 50–80% of the inspiration. The duration of the
aerosol pulse is dependent on the patient’s inhalation time
and tidal volume. During TIM the patient is guided to per-
form slow and deep inhalations of up to a 9-sec duration and
with aerosol pulsed up to 7 sec, leaving 2 sec for aerosol
deposition in the lung. The duration of the inhalation is in-
dividualized to each patient, and with each breath the pa-
tient is coached to extend the inhalation via a vibratory
feedback through the mouthpiece. Potential benefits of the
use of the TIM breathing maneuver include improved aero-

sol delivery and lung deposition, shorter treatment times,
and greater patient acceptability and ease of use.(25,26) The
primary objective of the current study was to assess the ac-
ceptability of the TIM breathing maneuver in patients with
CF during simulated nebulizer treatment with the I-neb
AAD System.

Materials and Methods

This study was conducted in England with the approval of
the Royal Brompton and Harefield NHS Trust & National
Heart & Lung Institute Ethics Committee (Royal Brompton &
Harefield NHS Trust Hospital, London, UK) and in accor-
dance with the ethical principles set forth in the Declaration
of Helsinki. Patients provided written informed consent
prior to participation in the study after considering their
participation for at least 24 h.

Study design and patients

This was a single-center, open-label, exploratory study
conducted during a single clinic visit. Male and female pa-
tients with CF were identified by the investigator and invited
to participate in the study. The diagnosis of CF was deter-
mined on the basis of sweat test or genotype analysis. Pa-
tients aged �18 years with a forced expiratory volume in
1 sec (FEV1) of 30–75% of predicted normal were eligible for
the study.(27) Patients with a history of significant exacer-
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FIG. 1. The figure shows the study equipment, which consisted of a customized I-neb AAD System connected to a personal
computer operating the I-neb AAD System software. A flow restrictor, a pneumotach, and a vibration device had been built
into the customized I-neb AAD System handset.
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bation of cardiopulmonary disease in the previous 4 weeks
or recent hemoptysis were excluded from participation.
Patients were instructed to continue all current therapies and
medications while participating in the study.

TIM breathing

The study equipment consisted of a customized I-neb AAD
System handset molding containing a flow restrictor, pneu-
motach, and vibration device connected to a personal com-
puter operating the I-neb AAD software (Philips Respironics;
Fig. 1). The flow restrictor limited the inhalation flow rate to
*20 L=min, and the pneumotach permitted the inhalation
flow data to be recorded and provided a means of mechanical
connection between device and mouthpiece.

For TIM breathing, patients were instructed to inhale until
a vibration was felt through the mouthpiece indicating the
Inhalation Target Time (ITT) had been achieved. The gap
between the vibration and the end of inspiration was referred
to as the Inhalation Gap (IG). The ITT was set to 3 sec for the
first breath and increased with each successive breath until
the patient’s maximal inhalation or the maximum ITT of 9 sec
was attained. For subsequent breaths, the ITT was set to os-
cillate around the maximal inhalation time achievable by the
patient. If the patient became unable to achieve maximal ITT,
subsequent ITTs were reduced by the software.

For each breath, the computer calculated the pulse time,
defined as the time from the beginning of inhalation during
which aerosol would have been pulsed. Pulse time was set at
1 sec during the initial breath and, for subsequent breaths,
was set to terminate 2 sec before the ITT. Although no
medication was delivered, a cumulative pulse time of 50 sec
was referred to as a completed treatment, indicated by au-
ditory feedback from the device. Patients completed up to a
maximum of eight TIM breathing maneuvers, with a rest
period of approximately 10 min between each, and were
permitted to discontinue participation at any time.

Acceptability

After the initial treatment, the investigator recorded the
patients’ responses to the following open questions:

1. How easy did you find the instructions to understand?
2. Is there anything that would have helped you under-

stand it?
3. How did you find the length of breath?
4. Was it comfortable?

Following all subsequent treatments (two to eight), the
investigator recorded the patients’ responses to the following
open questions (Table 1):

1. How did you find that?
2. How was the length of breath?
3. Do you feel tired at all?
4. Was the duration of treatment acceptable?

After the final treatment, the patients filled in a ques-
tionnaire with the following Likert-style (graded ‘‘very easy
to ‘‘very difficult’’ for questions 1 and 2, graded ‘‘very pleas-
ant’’ to ‘‘very unpleasant’’ for question 3, and graded ‘‘too
long’’ to ‘‘too short’’ for question 4) questions:

1. How easy did you find it to understand what you had
to do?

2. Once you had learned what to do, how easy did you
find using this nebuliser?

3. What did you think about the vibration that indicated
you had breathed in deep enough?

4. How did you find the length of the breath at the end of
the study?

Logged data

Pulse time and inhalation time data were compared to
provide an objective measure of whether the patients were
able to comply with the TIM breathing maneuver. Peak
inhalation flow (PIF) data was sampled for each patient
every 10 msec throughout treatment, and was saved to the
computer. To compare these parameters, it was necessary
to identify individual breaths within the flow data. This
was achieved by converting the flow data file (Labview,
National Instruments Corporation, Austin, TX, USA) into a
file format that could be reproduced on a breathing sim-
ulator and then analyzed to distinguish the start and
end of each breath. Subtracting breath start time from end
time provided the duration of each breath; pulse time was
calculated from each pulse’s start and end times. The ITT
was calculated to be 2 sec longer than the associated pulse
time.

The logged data was analyzed to determine the treatment
times as well as the number of breaths required to complete
each treatment. Treatment time was defined as the time from
the initiation of the first inhalation to the termination of the
final inhalation.

-60

-40

-20

0

20

40

60

Time

F
lo

w
-r

at
e 

(L
/m

in
)

Inhalation

Exhalation

Pulse time 2 s 
Inhalation
gap

TBM Early TIM training Ongoing TIM training TIM training complete

FIG. 2. A graphic presentation of breath patterns for Tidal Breathing Mode (TBM) and Target Inhalation Mode (TIM).
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Safety

Although no medication was administered during the
study, spirometric measurement of FEV1 and forced vital
capacity (FVC) was performed before and after participation
in the study as an assessment of safety. Percent of predicted
normal FEV1 and FVC were compared to ensure that the
effort to comply with the TIM breathing maneuver did not
affect lung function. The highest values for each variable
were automatically selected by the spirometer from three
consecutive attempts.(28) Thus FEV1 and FVC were not nec-
essarily derived from the same attempt. The occurrence and
severity of adverse events were recorded from the time in-
formed consent was provided.

Statistics

A sample size of 20 was considered as being appropriate
for this exploratory study. The primary acceptability vari-
ables included the patients’ responses to questions and their
responses to a systematic questionnaire. The secondary ac-
ceptability variable was based on an analysis of the logged
data to determine the patients’ ability to comply with the TIM
breathing maneuver. No formal statistical analyses were
conducted. Categorical data was summarized descriptively
and frequencies were tabulated. Continuous variables were
presented using the mean, minimum, and maximum values.

Results

Patients

A total of 20 patients (nine female) were enrolled and com-
pleted the study. Mean age was 27.3 years (range: 18.2–54.2
years). Mean height and weight were 167.6 cm (range:

142–183 cm) and 61.6 kg (range: 35–88 kg), respectively. No
concomitant medication use was required during the study.

The mean and median duty cycles of the patients’
breathing patterns in the TIM breathing maneuver were
*0.55 and *0.56 (range: 0.25–0.75). There were no signifi-
cant changes in mean FEV1 and FVC measured before and
after the study, demonstrating that repeated performance of
the TIM breathing maneuver did not produce a decrease in
pulmonary function. The baseline mean FEV1 was 1.9 L
(range: 0.6–3.2 L; range of predicted normal 26–72%), and
the mean FEV1 at the end of treatments was 1.9 L (range:
0.7–3.2 L; range of predicted normal 27–74%). The baseline
mean FVC was 3.0 L (range: 1.4–5.4 L; range of predicted
normal 46–104%), and the mean FVC at the end of treat-
ments was 3.0 L (range: 1.5–4.4 L; range of predicted normal
46–90%). No adverse events were reported during the study.

Acceptability

According to the responses from the patients recorded by
the investigator, 15 patients (75%) found the TIM breathing
maneuver procedure very easy or easy to understand, 3
(15%) found it acceptable, and 1 (5%) found it difficult to
understand; for one patient (5%), no response was recorded.
Seven patients (35%) required additional instructions.

At the end of the initial treatment, 18 patients (90%) felt
that the instructions were very easy or easy to understand,
and 12 (60%) thought the instructions were detailed enough.
Most patients (n¼ 13; 65%) thought that the vibration was
pleasant, and half felt that the procedure was comfortable.
The majority of patients (n¼ 17; 85%) noticed the length of
their breath changing, and 11 (55%) would have preferred
shorter inhalation times.

Table 1. Results from the Patients’ Questionnaires following Treatments 2 through 8

2 3 4 5 6 7 8

Treatment
n (%)

(n¼ 20)
n (%)

(n¼ 20)
n (%)

(n¼ 18)
n (%)

(n¼ 13)
n (%)
(n¼ 8)

n (%)
(n¼ 3)

n (%)
(n¼ 1)

How did you find that?
Easy=easier=better=hit more vibrations 10 (50) 1 (5) 3 (15) 4 (20) 1 (5) 0 0
OK=about the same 4 (20) 6 (30) 4 (20) 2 (10) 2 (10) 2 (10) 0
Not too bad=not as comfortable 1 (5) 1 (5) 2 (10) 0 0 0 1 (5)
Hard=harder=difficult=breaths too long=

too deep=could not reach vibration
5 (25) 12 (60) 8 (40) 5 (25) 4 (20) 0 0

Not as hard since stopped trying=
managed first vibration=early vibrations

0 0 1 (5) 2 (10) 1 (5) 1 (5) 0

How was the length of breath?
Better 3 (15) 0 1 (5) 1 (5) 0 0 0
Same=ok=fine=alright 8 (40) 3 (15) 0 1 (5) 1 (5) 0 0
On the limit=uncomfortable=max could cope

with=edge of capacity=full lung capacity
3 (15) 1 (5) 1 (5) 0 0 1 (5) 0

Too long=more difficult=harder 6 (30) 15 (75) 14 (70) 10 (50) 6 (30) 1 (5) 0
(Could) not hit(ting) vibrations 0 1 (5) 2 (10) 1 (5) 1 (5) 1 (5) 1 (5)

Did you feel tired at all?
Yes=more tired 3 (15) 5 (25) 3 (15) 4 (20) 2 (10) 1 (5) 0
A bit=slightly=a little=a bit in the middle 3 (15) 2 (10) 2 (10) 2 (10) 2 (10) 1 (5) 1 (5)
No=not really 14 (70) 13 (65) 13 (65) 7 (35) 4 (20) 1 (5) 0

Was the duration of treatment acceptable?
Very acceptable=yes very=very good 3 (15) 0 0 0 0 0 0
Yes=fine 16 (80) 20 (100) 18 (90) 13 (65) 8 (40) 3 (15) 1 (5)
OK 1 (5) 0 0 0 0 0 0
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Patient responses to open questions following each treat-
ment subsequent to the first were recorded and summarized
(Table 1). Half of the patients found the second TIM
breathing maneuver to be easier than the first, despite the
increased duration. By the end of the third treatment,

12 patients (60%) reported that the breathing maneuver had
become too difficult, and 16 (80%) felt the duration of the
breath to be too long. From the fourth treatment onward,
these results coincided with a reduction in the number of
patients continuing to additional treatments. Overall, those
desiring shorter inhalations were also those with the lowest
baseline FVC (Fig. 3). However, despite repeated TIM
breathing maneuvers of increasing duration, most patients
did not report feeling tired during any given treatment
(Table 1). For treatments subsequent to treatment 3, the
number of patients who reported becoming tired or slightly
tired approximated the number of patients who did not
continue to additional treatment. However, all patients re-
ported that the duration of treatment was acceptable.

At the end of the final treatment, in response to the Likert-
style questions, 18 patients (90%) described the breathing
maneuver as very easy or easy to understand, and 16 (80%)
found the device very easy or easy to use after learning how
to use it. Eleven patients (55%) found the vibration to be very
pleasant or pleasant; none found it to be unpleasant. All
patients felt that the duration of the inhalation at the end of
the study was too long.

Logged data

The logged data showed that 18 of the 20 patients (90%)
were able to comply with the TIM breathing maneuver. The
two patients unable to comply with the TIM breathing ma-
neuver had the lowest baseline FVC values (1.38 and 1.71 L;
50 and 46% of predicted normal) and required the greatest
number of breaths to complete the final treatment that they
performed (39 and 53, respectively). Overall, the patients’
individual mean PIF rates ranged from 13.7 to 21.7 L=min
(Table 2). The highest individual PIF value was 23.7 L=min
and the lowest 10.1 L=min. There was no correlation between
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FIG. 3. The figure shows a comparison between the pa-
tients’ baseline forced vital capacity (FVC) and their opinions
on breath length after the first treatment.

Table 2. The Patients’ Peak Inspiratory Flow Rates Measured during Treatments 1 to 8

Peak inspiratory flow values for treatments 1 to 8

Patient 1 2 3 4 5 6 7 8 Mean SD

1 17.1 18.2 19.0 18.9 19.4 19.8 20.0 18.9 1.0
2 16.3 14.9 16.6 16.3 15.7 14.3 13.7 15.4 1.1
3 15.1 14.1 14.0 15.0 15.0 15.6 14.8 15.8 14.9 0.6
4 16.5 19.9 18.0 19.4 19.1 18.2 18.5 1.2
5 17.6 13.5 13.3 13.9 14.5 2.0
6 18.5 19.4 20.1 20.0 21.1 19.8 0.9
7 19.3 18.9 19.2 16.7 20.2 16.9 18.5 1.4
8 22.2 14.3 18.0 16.4 12.6 16.7 3.7
9 21.8 22.2 20.9 19.3 19.6 21.4 20.9 1.2

10 20.3 21.1 20.9 21.4 20.8 20.7 20.9 0.4
11 18.8 19.8 19.6 21.7 20.0 1.2
12 22.4 21.5 19.8 20.5 16.9 15.9 19.5 2.6
13 23.4 22.3 21.4 20.6 21.0 21.7 1.1
14 23.7 21.9 20.8 20.3 20.6 21.4 1.4
15 11.7 10.1 13.3 19.5 13.7 4.1
16 20.9 22.2 22.6 20.1 21.5 1.1
17 16.5 14.3 13.1 14.6 1.7
18 16.0 17.7 17.0 13.8 17.9 16.5 1.7
19 20.0 16.8 16.3 17.7 2.0
20 20.5 19.4 19.9 21.8 20.4 1.1

Mean 18.9 18.1 18.2 18.6 18.5 17.8 16.1 15.8

SD 3.1 3.5 2.9 2.6 2.7 2.6 3.4 NA
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the baseline lung function (FEV1, FVC) and the PIF values.
All 18 patients able to comply with the TIM breathing ma-
neuver performed treatments 1, 2, and 3, until by treatment 8
the number of patients had decreased to only one patient
with baseline FVC of 3.45 L (68% of predicted normal)
(Fig. 3). There was no correlation between the baseline lung
function (FEV1, FVC) and the number of treatments per-
formed. One patient achieved an inhalation time of *6 sec, 3
patients an inhalation time of *7 sec, 3 patients an inhalation
time of *8 sec, and 11 patients achieved an inhalation time
of *9 sec. A typical plot of the logged data for one of the
patients achieving a *9 sec long inhalation time is shown in

Figure 4. Seventeen of the 20 patients reached a maximum
inhalation time plateau during one of the treatments, and of
these, 1 reached it during the second treatment, 7 reached it
during the third treatment, 8 reached it during the fourth
treatment, and 1 reached it during the sixth treatment.

Treatment times

The mean treatment time for all 20 patients decreased
from 288.4 sec during the first treatment to 141.6 sec in the
final treatment, representing a 51% reduction. The mean
number of breaths for all patients required to achieve the
50-sec cumulative pulse time decreased from 30.9 to 13.9
breaths during the first and last treatments, respectively. For
the 18 patients able to adapt to the TIM breathing maneuver,
the reduction in treatment times and number of breaths was
even more pronounced (Fig. 5). The greatest reduction in
treatment times occurred within the first three treatments—
from 277 to 158 to 136 sec—indicating a rapid adjustment to
the TIM breathing maneuver. The mean number of breaths
for the 18 patients decreased from 27.9 to 10.3 breaths during
the first and last treatments, respectively.

Discussion

The primary objective of the present study was to assess
the acceptability of the TIM breathing maneuver in patients
with CF during repeated simulated nebulizer treatment with
a customized I-neb AAD System device. The results showed
that the majority of the patients found the TIM breathing
maneuver easy to understand and easy to perform, and that
80% found the device very easy or easy to use. The logged
data showed that 90% of the patients were able to comply
with the TIM breathing maneuver. There were no signifi-
cant changes in lung function measured before and after
the study, showing that repeated performance of the TIM

0

2

4

6

8

10

12

1 5 10 15 20
1 5 10

1 5
1 5

1 5

Number of inhalations

T
im

e 
(s

)
Placebo Treatments 

54321

FIG. 4. A graphic presentation of logged data for one of the
patients including inhalation time (^), pulse time (&), and
Inhalation Target Time (~) data. The data were collected
over five placebo treatments.

0

50

100

150

200

250

300

Mean treatment time (s)

0

5

10

15

20

25

30

Mean number of inhalations

Treatment

1 32 4 5 6 7 8

M
ea

n 
tr

ea
tm

en
t t

im
e 

(s
)

M
ean num

ber of inhalations

(n=18)

(n=18)

(n=18) (n=16) (n=12) (n=7) (n=2) (n=1)

FIG. 5. A graphic presentation of the mean treatment times and the mean number of inhalations during the eight study
treatments. The number of inhalations decreased in parallel with the mean treatment time.

S-34 DENYER ET AL.



breathing maneuver did not cause a decrease in pulmonary
function. No adverse events were reported during the study.

Patients completed up to a maximum of eight TIM
breathing maneuvers with a rest period of only *10 min
between each. Following the first treatment slightly more
than half of the patients felt the duration of the breath to be
too long although the length of the inhalation was only 3 sec.
Those desiring shorter inhalations were also those with the
lowest baseline FVC. Surprisingly, 50% of patients found the
second treatment to be easier than the first. By the end of
the third treatment, 60% of patients had an overall negative
opinion, and 80% felt the inhalation to be too long, coincid-
ing with the treatment at which the number of patients
continuing to additional treatments began to decrease. De-
spite this, 18 patients went on to the fourth treatment. The
majority of the patients reached a maximum inhalation time
plateau during either the third or the fourth treatments.

The majority of the patients able to comply with the TIM
breathing maneuver had inhalation times equal to the maximal
9 sec, and all ranged from 6 to 9 sec. The prolonged inhalation
times decreased the average treatment time for all patients by
51% from 288.4 to 141.6 sec between the first and final treat-
ments, respectively. A slightly greater reduction in treatment
times was apparent among the 18 patients who were able to
comply with the TIM breathing maneuver. The greatest re-
duction in the treatment times occurred within the first three
treatments, indicating that the patients adjusted relatively
easily to the TIM breathing maneuver. Similarly, the number of
breaths per treatment decreased 55% to approximately 14
breaths in the overall population versus 63% to approximately
10 breaths in compliant patients. Interestingly, the two patients
who were unable to comply with the maneuver had the two
lowest FVC values prior to the study and required the greatest
number of breaths to complete the first treatment. This may
indicate that the effectiveness of the TIM breathing maneuver
in providing shorter treatment times may be reduced in pa-
tients with FVC below approximately 1.75 L. However, addi-
tional research is required to support this conclusion.

The equipment used in the present study consisted of a
customized I-neb handset molding containing a flow re-
strictor, a pneumotach, and a vibration device that were
connected to a computer operating the software. These
functions—a high-resistance mouthpiece, a pressure sensor, a
buzzer and vibrations for tactile feedback, and a micropro-
cessor that runs the AAD algorithm—are included in the new
I-neb AAD System.(21) Apart from these functions, the device
includes an electronic aerosol generation circuit, a piezo ele-
ment connected to a horn, and a mesh for aerosol genera-
tion.(21) When inhaling through the I-neb AAD System, the
patient is guided to perform slow and deep inhalations up to
*8 sec with aerosol pulsed up to 7 sec, leaving 1 sec for
particle deposition in the lungs. The length of the inhalation is
individualized, and with each breath the patient is coached to
lengthen the inhalation via a vibratory feedback. If the patient
cannot reach the ITT once the treatment time has been opti-
mized, the I-neb AAD System gradually shortens the ITT to
adapt to the patient’s preferred length of inhalation.

Conclusions

In light of the results of this exploratory study, use of the
TIM breathing maneuver during aerosol delivery may pro-

vide advantages over aerosol delivery during tidal breath-
ing. In addition to potential benefits such as improved
aerosol delivery and lung deposition, the TIM breathing
maneuver used in the present study would yield shorter
treatment times, which may serve to improve adherence to
treatment regimens.(13,15,24,26) Furthermore, the use of pulsed
aerosol during inhalation would decrease drug loss to the
environment and subsequently caregiver exposure com-
pared with conventional nebulizer systems.(12,14,21,26) Pa-
tients’ opinions in the present study regarding the I-neb
AAD System used were on the whole positive despite the
study design that involved repetitive performance of an
uncustomary respiratory maneuver with short intervening
rest periods. This study indicates that the I-neb AAD System
with the TIM breathing maneuver would be an acceptable,
user-friendly means of providing inhaled therapy to patients
with CF.
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