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Abstract

Background: The time requirements for multiple daily nebulizer treatments are important impediments to the
quality of life for most patients with cystic fibrosis (CF). The I-neb Adaptive Aerosol Delivery (AAD) System can
be used with a new mode of breathing during inhalation of aerosol, the Target Inhalation Mode (TIM). As a
function of the TIM algorithm, the patient is guided to a slow and deep inhalation, which can result in shorter
treatment times.

Methods: This study was conducted as a 3-month patient handling study of the I-neb AAD System in 42 patients
with CF aged 12-57 years. The I-neb AAD System was supplied in both the standard Tidal Breathing Mode
(TBM), and in TIM. Patients were trained to use the I-neb AAD System in TIM for the delivery of all their inhaled
medications, but if they were not comfortable with the TIM maneuver they could change to the TBM maneuver.
The primary variables were compliance with the correct use of the I-neb AAD System, and treatment times. The
secondary variables were based on study questionnaires at the end of the study and covered ease of use, patient
confidence, and patient satisfaction with the I-neb AAD System.

Results: There were a total of 10,240 complete treatments and of these, 8979 (88%) were in TIM. Compliance with
the correct use of the I-neb AAD System was 97.6%. The mean treatment time for complete treatments in TIM
was 4.20 min, compared with 6.83 min when using the I-neb AAD System in TBM. The responses to the ques-
tionnaires indicated that over 77% of the patients found the I-neb AAD System in TIM to be either: very easy,
easy, or acceptable to use.

Conclusions: The results demonstrated that by using the I-neb AAD System in TIM, a 40-50% reduction of
nebulizer treatment times, and a high level of compliance could be achieved. The results also showed that the
patients found the I-neb AAD System easy to use.
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Introduction tration into the lower airways.?® The aim of the breath
hold has been to increase deposition of the inhaled particles

HE USE OF A SLOW INHALATION MANEUVER followed suspended in the airways by allowing these to settle.?™ The

by a breath hold has been the preferred method for
administration of aerosol with the pressurized metered dose
inhaler (pMDI), the most widely used aerosol delivery sys-
tem.®") The aim of the slow inhalation maneuver has been
to maximize lung deposition by minimizing particle im-
paction in the upper airway, and to increase particle pene-

coordination of inhalation with firing of the bolus of aero-
sol from the pMDI has been shown to be rather difficult in
the domiciliary setting.” Patients unable to use the pMDI as
per instructions have generally been given a nebulizer with
less demands on coordinated use during tidal breathing.
Handling studies have, however, shown that domiciliary
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compliance with the correct use of nebulizers has also been
poor.(g"u)

The analysis of the compliance related shortcomings of
nebulizers has lead to the development of “intelligent” neb-
ulizer systems such as the I-neb Adaptive Aerosol Deliv-
ery (AAD) System.!® The I-neb AAD System is a portable
(150x65x45mm, h, w, d; 210 g), virtually silent mesh nebu-
lizer system that can record adherence to treatment regimen,
compliance with correct use of the device, and provide the
patient with feedback on the correct use of the device. The
I-neb AAD System was designed with two different patient
breathing pattern algorithms: the Tidal Breathing Mode
(TBM) and the Target Inhalation Mode (TIM, not commer-
cially available in the United States)."®

In TBM, the patient inhales the aerosol during tidal breath-
ing, and the aerosol is pulsed during 50-80% of the inhalation.
The length of each pulse of aerosol is determined by the pa-
tient’s breathing pattern (inspiratory time per breath, tidal
volume) and is based on the average of the preceding three
breaths, a continuous calculation throughout the treatment. In
TIM, the patient is guided to a slow and deep inhalation with
a maximum length of 8 sec, of which the aerosol pulse is 7 sec
long. During the last 1 sec when the patient reaches the end of
the slow and deep inhalation, no aerosol is generated. The
lack of aerosol delivery at the end of the inhalation minimizes
the loss of aerosol during the following exhalation, and
thereby enhances lung deposition of the inhaled aerosol. The
1sec of inhalation without aerosol generation has the same
effect as a 1sec breath hold to achieve particle residence
time in the lungs. In TIM, the I-neb AAD System adapts to
the patient’s lung volume by increasing the inhalation target
time until the patient is just able to inhale past the target. If the
patient is unable to extend the inhalation up to 8 sec, the I-neb
AAD System adapts the inhalation target time to match the
patient’s preferred length of inhalation. The inhalation target
time is thus optimized to each patient’s comfort level and lung
volume. At the end of the treatment the duration of the final
pulse of aerosol is stored in the device memory to set
the inhalation target time of the first inhalation of the next
treatment.

The first clinical studies with the I-neb AAD System in
TIM focused on the acceptability of the slow and deep
breathing maneuver and were conducted in patients with
cystic fibrosis (CF) and chronic obstructive pulmonary dis-
ease (COPD)."3® The results showed that the patients could
be trained to perform the maneuver, and found the maneu-
ver both easy to perform and acceptable. The studies were,
however, only designed to be performed during 1 day at a
clinic and only evaluated the patients” ability to learn how
to perform the TIM maneuver. To evaluate the long-term
acceptance of the I-neb AAD System in TIM, a handling
study was run in patients with CF being treated with neb-
ulized colistimethate sodium.

Materials and Methods
Patients

Forty-two patients (mean age 29 years, age range 12-57
years) with a diagnosis of CF participated in the handling
study. The patients were included in the study if they had been
using nebulized colistimethate sodium prior to inclusion, and
had a forced vital capacity (FVC) value >1 L measured during
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the previous three months. All were outpatients and in stable
condition. All patients signed an informed written consent
form.

Study design

The study was designed as a 3-month handling study
during which each patient included was supplied with an
I-neb AAD System with two different mouthpieces: one de-
signed for the TBM breathing maneuver and one for the TIM
maneuver (Fig. 1). A questionnaire was used to determine
the proportion of patients who accepted the TIM maneuver
during the 3-month home usage, and the patients’” compli-
ance with the training in the use of the I-neb AAD System
in TIM.

Patients were trained during inclusion in the use of the I-neb
AAD System in both breathing maneuvers. At study start
patients were initiated on the I-neb AAD System with the TIM
mouthpiece, but were also instructed that if they were unable
to adapt to the TIM maneuver they could change to the TBM
mouthpiece and maneuver. In addition to colistimethate
sodium, patients were able to nebulize albuterol, dornase al-
pha, tobramycin, and hypertonic saline with the I-neb AAD
System during the study. Study procedures were checked after
2 days, 2 weeks, 1 month, 2 months, and 3 months. Patients
were also given access to a daytime telephone support service
by the study sponsor.

The patients were asked to return the I-neb AAD System
after 3 months and to complete the questionnaire at the end of
the study on their experience with the device. Data regarding
the patients” compliance with the use of the I-neb AAD Sys-
tem was downloaded from the patient logging system (PLS)
function for further analysis.

Study device

The I-neb AAD System is a portable, virtually silent mesh
nebulizer."'? The main parts are the nebulizer body, the med-
ication chamber assembly including the mesh and the drug
guide, and the mouthpiece (Fig. 1). Built into the body are the
microprocessor that runs the AAD algorithm, the electronic
aerosol generation circuit, the piezo element connected to the
horn, the pressure sensor, the LCD screen, the radio frequency
antenna for the AAD Disc, the PLS, the battery, buzzer, and
the vibration device for tactile feedback. The piezo element
connected to the horn has a variable power range for the op-
timisation of the aerosol output rate. The AAD Disc is pro-
grammed with operational parameters such as power level.
The I-neb AAD System has been designed with the capability
to record adherence to treatment regimen and compliance
with the correct use of the device via a built in PLS. The patient
can take pauses during an ongoing treatment, but these are not
recorded.

When the I-neb AAD System is used in TBM, the patient
inhales spontaneously during tidal breathing, and aerosol is
pulsed into 50-80% of each inhaled breath. The I-neb AAD
System delivers a preset dose of drug to the patient, and when
the preset dose has been delivered the patient gets feedback
indicating that the treatment is complete. In TBM, the I-neb
AAD System adapts to changes in the patient’s tidal breath-
ing pattern. When the I-neb AAD System is used in TIM, the
patient is guided to a slow, deep inhalation (Fig. 2). The con-
figuration of the I-neb AAD System to the TIM maneuver is
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FIG. 1. The I-neb Adaptive Aerosol Delivery (AAD) System. The main components of the device are the mouthpiece, the
medication chamber assembly, and the body. 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). In TIM the inspiratory

flow through the valve in the mouthpiece is limited to ~20L/min.

achieved via a magnet in the TIM mouthpiece through which 2 sec (Fig. 2; Early stage of TIM use). The TIM algorithm adapts
the TIM algorithm is activated. A restriction in the mouthpiece  to the patient’s inspiratory capacity by increasing the inhala-
guides the peak inspiratory flow (PIF) to ~20L/min. Thereis, tion target time after each inhalation the patient is able to in-
however, no resistance on exhalation. At the beginning of the  hale past the target. Inhalation to the maximum 8 sec results in
first treatment the device is set to an inhalation target time of =~ an aerosol pulse of up to 7 sec. During the last 1sec when the
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FIG. 2. Graphical presentation of the two breathing patterns used with the Ineb AAD System. The first part of the graph
shows the patient’s tidal breathing when using the I-neb AAD System in Tidal Breathing Mode (TBM). The second, third,
and last parts of the graph show the process to extend the patient’s slow and deep inhalations from a 3-sec inhalation (2-sec
aerosol pulse) to an 8-sec inhalation (7-sec aerosol pulse) when using the I-neb AAD System in Target Inhalation Mode (TIM).
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patient reaches the end of the slow and deep inhalation, no
aerosol is generated. The lack of aerosol delivery at the end of
the inhalation minimizes the loss of aerosol during the fol-
lowing exhalation, and thereby enhances lung deposition of the
inhaled aerosol. The 1 sec of inhalation without aerosol gener-
ation has the same effect as a 1-sec breath hold to achieve par-
ticle residence time in the lungs (Fig. 2; TIM duration at patient
maximum). If the patient is unable to extend the inhalation up
to 8 sec, the I-neb AAD System gradually shortens the inhala-
tion target time to match the patient’s preferred length of in-
halation. At the end of the treatment when the preset dose
of drug has been delivered, the duration of the final pulse of
aerosol is stored in the device memory, to set the inhalation
target time of the first inhalation of the next treatment.

The I-neb AAD System provided for the study was de-
livered with a 0.3 mL metered medication chamber for ad-
ministration of albuterol, colistimethate sodium, and dornase
alpha. A 0.5 mL metered medication chamber was used for
administration of hypertonic saline and tobramycin. Patients
were provided with two power level 15 AAD discs: one for
the administration of all the above drugs, and a backup.

Outcome measures—PLS function and questionnaires

The primary variables were compliance with the correct
use of the I-neb AAD System, and treatment times. The
secondary variables included ease of use, patient confidence,
and patient satisfaction with the I-neb AAD System.

The PLS function incorporated in the I-neb AAD System
consists of a memory chip that can record information on up
to 4000 treatments, and an infrared interface for transmission
of the information. During the study information on each
treatment was recorded as an individual line of data including
the date and time of the treatment, the dose delivered (com-
plete or noncomplete), the drug, whether the TBM or TIM
mouthpiece was used, and the treatment time. To ensure
the data was accurately recorded and retrieved every line of
data was accompanied by a checksum and the number of data
lines recorded was logged. Compliance with the correct use of
the I-neb AAD System was calculated through the PLS data.
Correct use was defined as the patient’s ability to complete
each started treatment with verification through the screen
that the complete dose had been delivered. Laboratory diag-
nostic software was used to read the memory to determine
the duration of the final aerosol pulse for each patient. The
duration of the final aerosol pulse was used to define sub-
groups of patients that were able to extend their inhalation
times from 2 sec to >2 sec, >3 sec, >5sec and up to 8sec. The
mean treatment times of complete treatments in each sub-
group were then calculated to determine the effect of the in-
crease in inhalation times on the treatment times. The means
of the treatment times were weighed according to the number
of treatments recorded.

The study questionnaires were designed by the investiga-
tors and contained 24 questions (Table 1) concerning the use
of the I-neb AAD System in TIM. Eighteen of the 24 questions
were Likert-style questions in which each item of the question
was designed to have a similar psychological “weight.”®® Six
of the 24 questions were paired to investigate patient opinion
regarding the same parameter at the beginning and end of the
study. The 18 Likert-style nonpaired questions covered de-
scriptive questions, and categories: ease of use, confidence, and
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TABLE 1. END OF STUDY QUESTIONNAIRE
WITH 18 LIKERT-STYLE QUESTIONS (1-13, 20-24),
AND Six PATRED QUEsTIONS (14-19)

1  Did you use the I-neb in TIM mode during the
handling study?

2 If you did not use I-neb in TIM mode during the
handling study, why not?

3  How confident were you that you could use I-neb in
TIM mode following the training provided?

4  How easy did you actually find using the I-neb in TIM
mode following the training provided?

5 Did you use TIM throughout the whole study?

6  Did you change to TBM permanently or intermittently
during the study?

7 How may weeks had you been using TIM before the
permanent change?

8  On average how many times did you use I-neb in TIM
mode each week?

9  If you changed to TBM permanently or intermittently
during the study, why did you do this?

10  What did you think about the vibration that indicated
you had breathed in long enough?

11  How confident were you that you had received some
medication following each vibration?

12 How difficult did you find it to breathe in through the
TIM mouthpiece?

13 How difficult did you find it to breathe out through
the TIM mouthpiece?

14 How did you find the length of breath needed to reach
the vibration at the beginning of the handling study?

15  How did you find the length of breath needed to reach
the vibration at the end of the handling study?

16  How did you find the treatment times at the beginning
of the handling study?

17 How did you find the treatment times at the end of the
handling study?

18  This question concerns the first week you used I-neb in
TIM. When you took your first treatment of each
day, on average how many breaths did you take
before you were able to inhale to the vibration?

19  This question concerns the last week you used I-neb in
TIM. When you took your first treatment of each day,
on average how many breaths did you take before
you were able to inhale to the vibration?

20  On average, during how many treatments were you
unable to inhale to the first vibration?

21  What did you do on these occasions?

22 How confident were you that you were receiving your
medication when using the I-neb in TIM mode?

23  How easy did you find I-neb to use in TIM mode?

24  How satisfied were you with I-neb in TIM mode?

satisfaction related to the I-neb AAD System used in TIM. The
paired questions covered length of inhalation and number of
inhalations during the TIM maneuver.

Statistics

The data on patient compliance downloaded from the PLS
function was analyzed descriptively to determine the number
of complete (full dose of drug inhaled) and noncomplete
treatments. The treatment (nebulization) times, pulse times
and inhalation times were also analyzed descriptively. The
18 nonpaired questions were analyzed descriptively. The re-
lationship between the three sets of questions comparing
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the beginning and end of the study in five categories was
examined using tests for marginal homogeneity. Whether the
two questions were similar or not in terms of how often the
patients used each of the five categories were tested. Bhap-
kar’s method, which allowed for a natural ordering in cate-
gories, was used.® Data has been presented in kxk tables
(k>2) in which the diagonals on each table indicate perfect
agreement. The distribution of the raw data was chi-squared.
In a square table (55, etc.) the number of degrees of freedom
(df) was determined as the number of categories —1. The
direction of change was assessed using McNemar’s test on
1d£.Y7 An arbitrary level of 5% significance (two-tailed) was
assumed.

Results
PLS data—compliance

PLS data from all 42 patients were available for analysis.
The number of days the patients spent in the study ranged
from 6 to 210 days.

A total of 10,492 treatments with the I-neb AAD System
were recorded during the study. The majority of the treatments
or 9197 (~88%) of these were taken in TIM, and only 1295
(~12%) in TBM. There were 10,240 complete treatments, and of
these, 8979 were in TIM and 1261 in TBM, showing a 97.6%
compliance with the correct use of the I-neb AAD System.

Impact of final pulse time on treatment time

The mean treatment time for complete treatments in TIM
was 4.20 min, compared with 6.83 min when using the I-neb
AAD System in TBM. The mean treatment time in TIM during
the first 10 treatments was 5.33 min and 4.83 min during the
last 10 treatments, and in TBM the corresponding results
were 6.65min and 6.50 min. The treatment times were also
analyzed separately in 2-min increments (Fig. 3). For this
purpose the treatment time data was divided into three
groups: TIM treatment times belonging to patients with less
than 5% of treatments taken in TBM, treatment times for the
remaining TIM treatments, and treatment times for TBM
treatments. The majority of the treatments in TIM had treat-
ment times ranging from 2 to 4 min, whereas the rest of the
TIM treatments from patients with more than 5% of treat-
ments taken in TBM had treatment times ranging from 2 to
8 min. The majority of the treatments in TBM had treatment
times ranging from 4 to 8 min.

An analysis of the final aerosol pulse times in TIM for the
last treatment per patient indicated that >80% of the patients
were able to extend the TIM inhalation time above the initial
2-sec inhalation time, that 50% were able to extend the in-
halation time up to and above 5sec, and that 17% were
able to reach the upper limit of 8sec (Fig. 4).

An analysis of the aerosol pulse times in TIM versus the
mean treatment times showed that an increase in pulse times
coincided with a decrease in mean treatment times (Table 2).
The mean treatment times for the TIM subgroups ranged
from 4.20 min to 3.37 min and were between 39 and 51%
shorter than the mean treatment time of 6.83 min in TBM.

Questionnaires—Likert-style questions

Twenty-eight patients returned questionnaires at the end
of the study and of these 14 reported that they had used the
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FIG. 3. The histogram presents the treatment times ana-
lyzed separately in 2-min increments. For this purpose the
treatment time data was divided into three groups: Target
Inhalation Mode (TIM) treatment times belonging to patients
with less than 5% of treatments taken in Tidal Breathing Mode
(TBM), treatment times for the remaining TIM treatments, and
treatment times for TBM treatments.

I-neb AAD System in TIM throughout the whole study. The
responses to the 18 nonpaired Likert-style questions covered
three main catagories: ease of use, confidence, and satisfaction in
relation to the use of the I-neb AAD System in TIM (Table 3).
Likert questions 7 and 8 had response rates below 50% and
have not been reported.

In response to the ease of use-related questions, over 77% of
the patients found the I-neb AAD System in TIM to be either:
very easy, easy, or acceptable to use. Ease of use responses
were least favourable when the patients were asked: “How
difficult did you find it to breathe IN through the TIM
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FIG. 4. An analysis of the final aerosol pulse times in
Target Inhalation Mode (TIM) for the last treatment per
patient indicated that >80% of the patients were able to ex-
tend the TIM inhalation time above the initial 2-sec inhala-
tion time, that 50% were able to extend the inhalation time
up to and above 5sec, and that 17% were able to reach the
upper limit of 8sec.
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TABLE 2. SUBGROUP ANALYSIS OF THE FINAL PULSE TiMEs WHEN UsSING THE I-neb AAD SysTEM
IN TIM 1N COMPARISON WITH TREATMENT TIMES IN TBM

Equivalent inhalation Percentage of

Mean treatment

Percentage reduction in treatment

time (s) patients (%) time (min) time compared with TBM (%)
>2 100 4.20 38.5
>2 81 4.13 39.5
>3 71 3.97 419
>5 50 3.66 46.4
=8 17 3.37 50.7

AAD, Adaptive Aerosol Delivery; TIM, Target Inhalation Mode; TBM, Tidal Breathing Mode.

mouthpiece?” for which seven patients responded either
“difficult” or “very difficult.” On the final question regarding
ease of use: “How easy did you find I-neb to use in TIM
mode,” five out of the seven patients also responded either
“difficult” or “very difficult” on this overall question regard-
ing the use of the Ineb AAD System. None of the patients
had any difficulties in exhaling through the mouthpiece.

In response to the confidence-related questions, 24 out of the
28 patients reported that they were confident that they could
use the I-neb AAD System in TIM after the training. Over 80%
of the patients were confident that they were receiving their
medication. In response to the satisfaction-related questions, 21
of 27 responding patients rated their experience with the I-neb

AAD System in TIM as either: very satisfied, satisfied, or ac-
ceptable. All 28 patients found the vibration that indicated
that they had inhaled long enough either: acceptable, pleas-
ant, or very pleasant.

Questionnaires—paired questions

There was no statistically significant (p=0.69; Table 4)
difference in opinion regarding the length of the inhalation
needed to reach the vibration at the start and end of the
study. The majority of the patients found the length of in-
halation to reach the vibration “acceptable” during the first
(13 patients) and last week (16 patients). The number of

TABLE 3. RESPONSES TO THE LIKERT-STYLE QUESTIONS RELATED TO CATEGORIES:
EAske oF Usg, CONFIDENCE, AND SATISFACTION

Very Not Not very
confident Confident  Acceptable confident confident Total
How confident were you that you could 14 10 3 0 1 28
use I-neb in TIM mode following the
training provided?
How confident were you that you had 9 14 1 3 1 28
received some medication following
each vibration?
How confident were you that you were 7 14 2 3 2 28
receiving your medication when using
the I-neb in TIM mode?
Very easy Easy Acceptable Difficult Very difficult Total
How easy did you actually find using the 11 7 7 2 1 28
I-neb in TIM mode following the
training provided?
How difficult did you find it to breathe 1 11 8 3 4 27
IN through the TIM mouthpiece?
How difficult did you find it to breathe 5 12 10 0 0 27
OUT through the TIM mouthpiece?
How easy did you find I-neb to use in TIM 5 8 8 3 3 27
mode?
0 1-3 4-6 7-9 9-12 Total
On average, during how many treatments 10 6 3 1 1 21
were you unable to reach the first
vibration?
Very satisfied ~ Satisfied ~ Acceptable — Not satisfied  Not very satisfied — Total
How satisfied were you with I-neb 10 5 6 3 3 27
in TIM mode?
Very pleasant ~ Pleasant  Acceptable  Unpleasant Very unpleasant  Total
What did you think about the vibration 3 9 16 0 0 28

that indicated you had breathed
in long enough?
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patients that found the inhalation “long” or “too long”
dropped from 12 patients to 10 patients.

There was a statistically significant (p <0.008; Table 4)
difference in opinion regarding the treatment time at the start
and end of the study. Fourteen patients found the length of
the treatment time “acceptable” during the first and last
week. The main difference was found in the number of pa-
tients responding “short” during the first week (four pa-
tients) and during the last week (10 patients).

There was also a statistically significant difference (p=
0.006; Table 4) in the number of breaths required before
the patients were able to inhale up to the vibration at the
beginning of each treatment. The majority of the patients
required four to six breaths during the first week and only
one to three breaths during the last week to reach the vi-
bration.

Discussion

This handling study was designed to evaluate the long-
term acceptance of the I-neb AAD System when used in
TIM by patients with CF. Overall, the analyses showed that
~ 88% of the treatments during the study were taken in TIM,
that the treatment times were shorter during the treatments
taken in TIM, and that the longer the inhalation the shorter
the treatment time in TIM. The patients’ compliance with
the correct use of the I-neb AAD System was high at 97.6%.
Questionnaires with Likert-style questions were returned by
28 patients and showed that the majority found the I-neb
AAD System in TIM easy to use, were confident that they
could use the I-neb AAD System in TIM and that the device
delivered the medication, and were satisfied with their ex-
perience with the I-neb AAD System in TIM. The results of
the paired questions matching the first and the last week of
the study showed that the treatments at the end of the study
were shorter with fewer inhalations required to reach the
vibration feedback signal.

The use of a slow and deep inhalation maneuver with or
without a breath hold has been shown to be optimal for
effective lung delivery of inhaled medications.®® Newman
et al.?® showed that when using pMDIs, slow inhalations
(25-30L/min) with long breath holds was the optimal in-
halation technique in terms of lung deposition in comparison
with fast inhalations (80-90 L/min) with long breath holds.
When using jet nebulizers, slow and deep inhalations
without breath holds have been shown to be superior to
tidal breathing in terms of lung deposition.”® In a study of
12 healthy subjects we evaluated lung deposition follow-
ing administration of a radiolabeled aerosol from the I-neb
AAD System with the TBM and TIM breathing patterns.*®
The mean lung deposition was significantly higher with
the TIM breathing pattern (73.3%) than with the TBM
breathing pattern (62.8%). The mean PIF values were
~24L/min in TBM and ~13L/min in TIM, whereas
the mean minute volumes were 7.19L in TBM and 7.77L in
TIM. Both mean minute volumes were typical for healthy
adults.

The studies showing a higher degree of lung deposition
have, however, been laboratory studies and information on
the patient’s ability to perform the slow and deep inhala-
tion in the domiciliary setting have been lacking. One of the
main reasons for the lack of information on the use of inha-
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lation devices in the domiciliary setting has been the lack of
suitable hardware and software components built into the
devices. The design of the I-neb AAD System with the PLS
function has therefore been a critical tool for objective studies
of patients’ breathing patterns and use of the device in the
domiciliary setting. The analysis of the pulse times from the
PLS data has added important information on patients” ability
to perform the slow and deep inhalation maneuver. In the
present study >80% of the patients were able to extend the
TIM inhalation time above the initial 2-sec inhalation time,
~50% were able to extend their inhalation up to 5sec, and
17% for up to 8sec. These results indicate that the large
majority of the patients found the TIM maneuver easy to use.
We can only speculate regarding the reasons for why some
of the patients were not able to extend the inhalation time.
Data from a previous study of the TIM maneuver in patients
with CF indicated that in these patients a forced vital capacity
of <1.75L correlated with a lack of ability to comply with
repeated TIM maneuvers.’* Panting and hyperventilation
might be reasons for noncompliance with the TIM maneuver,
and has been found to occur in patients with pulmonary ar-
terial hypertension (PAH) that were new to nebulizer therapy
and were started on the I-neb AAD System in TBM.® The
analysis of PLS data showing very long treatment times en-
abled the healthcare professionals to retrain these patients
with PAH. There is, however, no evidence of these problems
in the studies of the TIM maneuver in patients with CF or
COPD.314

Aside from improving lung deposition, the slow and deep
inhalation maneuver reduces the treatment times. The analy-
sis of the impact of the length of the inhalation in the TIM
maneuver on treatment times showed that the longer the
inhalation the shorter the treatment time. The mechanism be-
hind the shorter treatment times can best be explained by some
hypothetical examples. For a patient with a tidal breathing
frequency of 20 breaths per minute (bpm) and a duty cycle of
0.33 (length of inhalation/length of total breath), each inhala-
tion would be of ~1-sec duration. With a breath hold time of
0.5 sec included at the end the aerosol could only be delivered
for the first 0.5sec of each inhalation. This equates to an in-
halation efficiency of only ~17% as the total aerosol inhalation
time would be 10sec for every minute of inhalation. For a
patient using a slow and deep inhalation maneuver of 8sec
followed by an equally long exhalation, the breathing fre-
quency would be ~4bpm and the duty cycle 0.5. If we in-
cluded a breath hold time of 1 sec at the end of each inhalation,
then aerosol could be delivered for the first 7sec of each in-
halation. This equates to an inhalation efficiency of ~47% as
the total aerosol inhalation time would be 28sec for every
minute of inhalation. This second example is clinically relevant
as the results of the first patient acceptance study in the clinic
of the TIM maneuver showed that the patients adapted well to
the slow and deep inhalation maneuver with a duty cycle of
~0.55." However, if the patient could only manage a slow
and deep inhalation of 2 sec followed by an equally long ex-
halation, the breathing frequency would be 15bpm and the
duty cycle 0.5. Including a breath hold time of 1 sec at the end
of each inhalation would result in an inhalation efficiency of
~ 25%. This means that the higher the inhalation efficiency, the
shorter the treatment time. This also means that to almost
double the inhalation efficiency from 25 to 47%, the length of
the inhalation has to be extended from 1 to 7 sec.
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Adherence to treatment and compliance with the correct
use of the nebulizer are two of the keystones in a successful
domiciliary nebulizer therapy. Motivational factors such as
feedback on the use of the device have been shown to be
critical for good adherence with the use of the pMDL®” Ad-
herence was not measured in the present study, but compli-
ance with the correct use of the I-neb AAD System was
recorded through the PLS function. Correct use was defined
as the patient’s ability to complete each started treatment with
verification through feedback—audible signal, vibration, in-
formation on the screen—that the complete dose had been
delivered. The almost complete compliance of 97.6% was
surprisingly high considering the uncontrolled nature of the
study in a domiciliary setting. Similar feedback techniques
in two previous studies with AAD System devices have
shown compliance levels at ~90%.%*?

Feedback on performance therefore seems to be one of the
key features to build into new inhalation devices to achieve
both good adherence to treatment and good compliance with
the correct use of the inhalation device.

In the questionnaires the ease of use with the I-neb AAD
System in TIM was overall rated very positively by ~80% of
the patients. The remaining ~20% responded to the question:
“How difficult did you find it to breathe IN through the TIM
mouthpiece?” with either “difficult” or “very difficult.” The
response pattern matched that for the question: “How easy
did you find I-neb to use in TIM mode?” These responses
indicated that the level of resistance built into the TIM
mouthpiece was perceived as problematic by some of the
patients. As there was no information on the clinical status of
these patients due to the open handling study design, it was
impossible to determine whether the difficulty in inhaling
against the resistance was related to disease severity, too high
inspiratory flow to sustain a long inhalation maneuver, or any
other factors.

The responses to the paired questions showed that the
patients adapted to the use of the I-neb AAD System in TIM
during the first week of treatment. Almost all (85.2%) of the
patients found the treatment time in the first week to be short
or acceptable, compared with 88.9% of patients who thought
the treatment time at the end of the study to be short or ac-
ceptable. The majority of the patients required four to six
breaths during the first week and only one to three breaths
during the last week to reach the vibration at the end of treat-
ment. These results, although confounded by the fact that the
questionnaire was completed at the end of the study, indicate
that there was a significant increase in the patients” accept-
ability of the TIM maneuver over time.

Conclusions

The time requirements for multiple daily nebulizer treat-
ments are important impediments to the quality of life for
most patients with CF. A reduction of nebulizer treatment
times and a high level of compliance with the correct use of
the nebulizer are important steps towards improved quality
of life. The present study has shown that a 40-50% reduction
in nebulizer treatment times can be achieved in a domiciliary
setting with the use of the I-neb AAD System in TIM. The
patients’ responses to the questionnaire showed that the large
majority found the I-neb AAD System in TIM easy to use, and
were confident that the aerosol was delivered as intended.
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This study indicates that the I-neb AAD System in TIM would
be an acceptable, user-friendly means of providing inhaled
therapy to patients with CF.
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