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Abstract

Objective: The AeroChamber PIURC) valved holding chamber has been enhanced
to include the FlowVu (FV) inspiratory flow indicator that provides visual inhalation
feedback during use. We have investigateB\ifalters asthmaontrol and whether
parents accejpt.

Methods: At visit 1 children with asthma, age-% years, used an AC with din
pressurised metered dose inhaler angleels later (visit 2) they wereandomised to
use either AC or FVSubjects returned 6 (visB) and 12 (visit 4) weeks laterThe
Asthma Control (ACQ) and Paediatric Asthma Caregiver's Quality of Life
(PACQLQ) questionnaires were scored at each visit and ek inhalation flow
(PIF)whenthey used the spacer was measured

Results: Forty participantsin each group completethe study. There was no
difference in the ACQscoresfrom visits 2 to 4 between the Zroups,whilst the
improvements irthe PACQLQ scoreswere greatem the FV group (p=0.029)The
mean difference (95% confidence interval) for the change frons @it 4 between
FV and AC graips was 0.0%-0.33,0.43) and 0.390.035,0.737) for the A@Q and
PACQLQ, respectivelyMost parents preferred the F\p<0.001). here was no
difference in the PIF rates each visit and between the two spacers
Conclusions:There wasio change in asthma controltbe young children but thaif
their parentamproved. Parents preferred the FV and this could be related to their

improved perception of theghildren'sasthma control by better PACQLSgores
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Introduction

Inhalationtherapy remainghe cornerstondor the therapeuticmanagement of asthma
[1], [2], [3], [4]. Despite the availability of many inhaler devices with various design
and formulation, thepressurisedmetered dose inhale(pMDI) is still widely
prescribed by the healthcare providgs [6]. The success of theMDI therapy
therefore depends not only on the therapeutic active ingredients of the pMDI, but also
crucially on the correct inhaler techniquesedby the patientshemselve$5], [7], [8],

[9]. Indeed, botlkchildren and adultaith asthmaexperience the same problems when
using theirpMDIs. However, these problems are more pronounced in chjldiéma
greater number of errors seen in those agetbruf yeard10]. Consequently, less
than 50% of those children would get the desired therapeutic outcome of their inhaled
therapy[3].

Valved holding chambern(VHC) devices commonly referred to as spacease used
with pMDIs to overcome the common problem of hdndg coordination associated
with thepMDI use [11], [12].When compared to thenproperuse of gopMDI alone
inhalation of the dose through pMDI connected taa spacer device significantly
improved the aerosol lung depositidi], [13], [14], and reduced both the
oropharygeal [15] and systemid16] inhaled corticoroidrelated adverse effects
Therefore, both nationdll7] and internationa]18] Asthma Management Guidelines
recommend using spacer devices in young children receiving ph&dpy.
Nevertheless, up to 40% of the children use tp8DI inadequately even with a
spacer[19]. Verbal counselling on correct inhaler technique is effective in all age
groups [20] but only 50% of the patients were using the cop&tD] technique 130

days after having been trained and demonstrated the coki&dttechniqug3].
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Accordingly, a regular inhaler technique chagiand trainings needed even after a
long period of inhaler us], [19], [21]. Moreover, a multiple feedback mechanism
for a sufficient inhaler use would be useful fembjects wih asthmaand their
caregivers, and should enhance the patients’ compliance and thus asthmdzgntrol
Many patientsinhale too fast when they usepMDI [22], [23] and the flow used
should be <90 I/min. It has been shown that an inhaler training tool giving iaeaud
feedback helps the patients to maintain the traipeiD| technique with a slow
inhalation [20], [24]. Similarly, the AeroChamber Plfisspacer (Trudell Medical
International, Ontario, Canada) helps the patients use a slow inhalation by praducing
sound when the inhalation flow exceeds 60 I/min. Recently, the feedback mechanism
when using the AeroChambefuB VHC has been enhanced by the inclusion of a
visual feedback mechanism to indicate inhalation; the AeroChambé&rathsFlow-

Vu® inspiratory flow indicator(Trudell Medical International, Ontario, Canads)
shown in kgure 1 This visual feedback asconfirms atight seal betweerthe
facemaskof the spaceandthe patient’s facéround the nose and moutl@nsuring no
aerosol leakageThe inset in Kure 1 which highlights the 'flowvu' is the only
difference between the two versions of the spacer.

The main aim, therefore, of the current research study was to determineaiitine

use of the recently introducedHC, the AeroChamber Plus with FleMu (FV),
would alterasthma control ipre-school childrerwith asthmacompared with the use

of the currently availabl&/HC, the AeroChamber PIugAC). Comparison ofthe
inhalation flow used by the children throughesa VHCs was also investigated.
Moreover the impact on the quality of life of thosildren’s parents as direct
caregivers was studied’he study was integrated into the routine medical care at

paediatrics respiratory outpatient clinics.
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Methods

Children with asthmaand their parents (caregiversttending the paediatrics
respiratoryoutpatient clinicsat NHS teachinghospitals (United Kingdom)for routine
medical careand fulfilling the study’s inclusion criteriavere invited to take part in
this research studyhildrenaged 1 to 5 years with partly controlleat uncontrolled
asthmaaccording to GINA (2008) criteria and receiving parenally supervised
inhalation therapyncludingan inhaled corticosteronda apMDI plusa spacer device
were considered eligible for participationfhe children were excluded itheir
inhalation treatment had been changed over the last 4 weeks pimotment were
using a dry powder inhaler or a breaitttivatedoMDI, had limited physical or mental
ability to use a spacer or follow the study procedusesiad other chronic disease
conditions at study enrolment that might adversely affect their quality of life. A
asthmatic children and their parents gave signed informed consent prior to enrolment
The studywas approved by Bradford Research Ethics Committéé (Ref
08/H1302/24 and the Research and Development departwméhin each of the
clinics inwlved. The study was conducted in accordance Metisinki Declaration on
Good Clinical Practice (ICH/GCBuideline$. The children were randomised to use

the AC or the FV according to a pre-study designed randomisation table.

This prospective, randomizeg@aralletgrouped comparative study investigated the
effect of theroutine use of the novel FYHC (designed with a visual feedback
reassurance meahiam of an optimal inhalation), on asthma control in asthmatic
children, compared with the routine use bé tcurrently availablAC VHC. The
yellow facemask versianof both VHCs were usedChanges irthe children’speak
inhalation flow through @MDI plus spacer anoh the healthrelated quality of life of

thar parentsvereassessed as well
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Thefirst groupwas theFV VHC group patients enrolled into theV group used the
novel AeroChambeFlow-Vu VHC device connected to thepMDIs. The second
study groupwas theAC VHC group patients enrolled into the AC group used the
currently available AeroChamber deei (which does not have the visual feedback

indicatol). The age, sex and height of each child in both groups were also recorded.

The studyinvolved four clinic-based visitsAt visit 1 (recruitment) all participants
were enrolled into a twaveek runin peiod, where,irrespective of the spacer device
the childenwereusing before enrolment, they were givand verbally trained to use
an AC spacerover the ruAn period At visit 2 (baseline) each asthmatic child was
randomized intceither theFV or AC groupaccording toa previously constructed
randomization tableAll parentsalong with their asthmatic children were trained to
use the inhalation method they had been randomized toThsetraining session
continued untithe parent and theahild satiactorily demonstrated the corrga¥iDI
plus spacer technique, otherwise thegre withdrawn from the study and referred to
their doctor/practice nurse for inhaler device assessment. All parer@snseucted
that their child’s inhaled corticostergaMDI should be attached to the spadésit 3
occurred 6 weeks after visit 2 andivié another 6 weeks later (study ent? week

study).

At each of the 4study visits the child’speakinhalation flow PIF) was measured
using the IRCheck Mete? (ClementClarke International Ltd, UK), mimicking the
inhalation flowachieved through @aMDI connected to a spacer. The chilgarent
completed the first 6 items of the Asthma Control Questionnaire (A2%)pn their
child’s behalf. Moreover,he parentcompleted the Paediatric Asthma Caregiver’s
Quality of Life Questionnaire (PACQLQR6]. Any changes to the child’s asthma

medicationover the studyisits werealsochecled and recorded with the reason for

6
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the change, as appropriat the end of the study, thgarentsin the AC and FV
groups, complete@ preference questiorwhereeach FV parent was asked to rate
their preference between the AC and the #8ihg a 5 poitLikert scale (5=much

better to 1=much worse). The FV spacer was demonstrated to all AC parents and they

were then asked the same prefereqoestion andating.

Statistical Analysis

All analyses were undertaken using SPSS (Version; 2B Software, Arnonk,

USA). Descriptive statistics were recorded at all measured gimrgs. Main effects
multivariate analyses of covariance (MANCOVA) were derived for the asabfsi
change scores in the AC and FV grouwpith respect to the ACQ anBACQLQ
guestionnairgsas the joint assessment of these measures was considered to be
empirically meaningful. The suitability of the MANCOVA model for this asay

was verified by determination of correlations between outcomes at the metasiered
points. For both the ACQ arACQLQ questionnaires, the primary analysis was the
change between baseline and final readings, i.e. from 0 weeks to 12 weeks. Changes
between preliminary-2 weeks) and baseline measures (0 weeks); and between
baseline (0 weeks) and interim (6 weeks) measures walseconsidered as a

secondary analyses.

For the ACQ scale, the outcome measure utilised was the total score, calasiitited
un-weighted mean score from each of the 6-stdles comprising the ACQ scale.
Possible scores range from 0.0 to 6.0, with lower scores indicating greatied.d=or

the PACQLQ scale, the outcome measure utilised wees total score, calculated as

the weighted average dhe Activity and Emotionsubscaleswith higher scores
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indicaing greater functionality.Age, heght and gender were additionally included as

controlling variables in all MANCOVA and ANCOVA models.

It was judged that there was no theoretical or empirical basis to assess the PIF
outcome jointly with the ACQ an®ACQLQ outcomeshence separate univaea

analyses of covariance (ANDVA) were conducted on the Phiteasure.

All parameters found to exhibit significant associations with the ACQP&TQLQ
variables assessed jointly were subject to additional fellpwANCOVA procedures
to provide further insight into the nature of the relationship. A discriminant function

analysis was also undertaken for the key factor (group) on the primary analysis onl

The preference question respona@s analysed independently of other outcomes.
Parental preference was compared using the Nédhitney U test. An overall view

of parental preference was obtained using thesanaple Wilcoxon signed rank test,
testing the median statistic against the test statistic of 3 (corresponding to no
preference between tiAeeroChamber quipment with and without the addition of the

Flow Vu device).

Results

Eighty (40 in each groupghildren with asthmatarted and all completed the study as
shown in Table 1.There was no difference between #WE€Q, PACQLQ andPIF
outcome variables betwa visit 1 (recruitment) and visit 2 (study start).

A summary of the ACQ and PACQLQ scores as well asPfteat each visit are
presated in Table 2andin Figures2, 3 and 4respectively. For the analysis ahe
change inthe ACQ and PA@LQ outcome measures from basel(wesit 2) to study
end gisit 4), that isfrom 0 weeks td 2 weeks the MANCOVA model showedhen

controlling for baseline scores, age, height and gendsrthitbre was nevidence for
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a significantdifferenceat the 5% significanckevel betweerthe two groups whethe
change in ACQ and PACQLQ weassessed jointlyN=0.922; F, 7=3.05 p=0.054.
Although therewas a difference between the age=0.024) and height [§=0.036)
between the two groups at baseline this did not influence the ACQPACQLQ
However, a degree of substantive significance was indicated, hatkeffect being
classified as borderline significafithe partialn® statistic of 0.078 indicated an effect
of low-to-medium magnitude.

Follow-up univariate ANCOVA models indicated that gramgssignificantly related

to final PAQQLQ scores (E73=5.75; p=0.019)and notsignificantly relatedto final
ACQ scores.The within-group mean difference (95% confidence interval) for the
PACQLQ between visi 2 and 4 in the FV and AC groups was 0.51 (0.27942)

and 0.1340.146, 0.396)respectivelyand between the two groups this difference was
0.39 (0.0350.737) greater in the FV grouplhe mean difference (95% confidence
interval) for the change (between visit 2 and 4) in the ACQ in the FV and AC groups
was-0.242 ¢0.58, 0.09) and0.19 ¢0.38, 0.03), respctively. Comparing between
the two groups, the mean difference (95% confidence interval) was-0.83,(0.43)
with no discrimination between the two groups.

A follow-up discriminant function analysis derived a single discriminant function
(canonical B=0.296) which effectively discriminated between groufs=0912;

2 2=7.07 p=0.029).

The gandardised discriminant function coefficients of 0.976 for the change in the
PACQLQ scores and 0.078 fahe ACQ scoreshighlight the relative importance of
PACQLQ in defining the variate. Correlations between outcoanelsthe discriminant
function revealed that final PA@WQ scores loaded heavily onto the function

(r=0.997), and final ACQ scores less so (r=0.339).
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For the analysis of change in th=utcome measure fromsit 2 (baseline)to the
final time point, the AICOVA modelshowed that controlling fdsaseline PIfscore,
age, height and gender, teewas no differencaithin each group and between the
two groups k174=0.337, p=0.564).

Figure5 shows that at the end of the study the majority of the FV parents $taoihg
preference for the Flowu version of the AeroChamber. Similarlwhen the AC
parents were demonstrated the F\dw version at the end of the study they too had a
strong preference for this version. The mediange) preference of the FV and AC
parents was %3-5) in both groups. Fothese parental preference scores, a Mann
Whitney U test indicated a naignificant difference in preference scores between the
AC and FV group£Z=0.755;p=0.450). A Wilcoxon single sample signed ranks test
found that the median preference score was significantly different to the “neutral”

option 3 £<0.001) in both groups.

Discussion

Patientswith asthmawho continue to have the problem of-aalinating theMDI
activation with inhalation, even after repeated technique training sessions, are
commonly prescribed a spacewnie to use with their pressueid inhalerd12]. This

has been instituted the Asthma Management Guidelines as a recommended practice
in youngchildrenaged less than 12 yeambere the issue gdoor pMDI techniqe is

more evident [17], [18]These recommendations towards the use of spacers have been
based on the advantagegdh devices provide in termsiofprovedlung deposition

of inhaled bronchodilatorg13], [27] and inhaled corticosteroids [15], [28],
accompaied with improved safety.

Despite repeated training of children with asthon the corregbMDI-spacer use,

many children continue to have inadequafgacertechnique [19], [29]A report by
10
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the Aerosol Drug Management Improvement Team (ADMIT) on the need to improve
the inhalation technique in Europe has stated that inhalation devices enhanced with a
multiple feedback mechanism to reassure the patemistheircaregiversthat the
performed inhalation technique via an inhaler is suffigcishbuld improve the overall
correct inhaler use and ultimately disease contj@l]. Additionally, the patients’
adequatepMDI-spacer technique is infrequentbhecked by thebusy healthcare
providers [30] thusinhalation devices with good technique feedback raeisms can

be helpful to thepatientsand their caregiverd’he AC VHC helps the patients use a
slow IFR as the spacer whistles when the patient exceeds an inspiratory flow of 60
I/min. This audible feedback has been recently enhanced by the inclusorisofal
indicator, theFlow-Vu (FV), to confirminhalation anda goodseal between théHC

and the face of the patient. The current work, therefore, compared the routmfe use
the AC and FWHC by infants with asthm& terms of asthma control along with
their parents’ quality of life andpacer preference. The infants’ PIF tha VHC was

also evaluated.

The primary analysisdentified that when the changes in the&€Q and PACQLQ
guestionnaire scores were analysed together there was a borderlifeasigai
between the groups that was derived almost entirely from the relationshigupfray

with the Paediatric Asthma Caregiver's Quality of Life Questionngi?@] scores
which were well discriminated by the group. The improvement in the PACR4S)
greater in the FV groupnd the overall change was gredtean 0.5. This could be
reflected byparentalpreference for thderoChamber Flow-Vuin that itwould have
provided theparentswith reassurance that their chidas receving a dose during
their inhalation manoeuvrd similar, but small improvement in thasthma control

indicated by the ACQ25] occurred in both group$ut the change was less than the

11
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0.5 derease that is regarded as clinically signific§B1]. This might be justified by

the limited 12week followup duration of the study thatight have been insufficient

to establish thiglifference.

The infants’ mean baseline inhalatidlow rate, mimicking normal tidal breathing
through the study spaceas$ study enrolment (visit 1) was slow and well below 60
I/min for the two study groups 142 1/min AC group; 3.31l/min FV group). Although

the PIF of the FV group was generally slowéhan that of the AC groypno
significant difference in thBIF was demonstrated between tive groups throughout

the study periodBoth the AC and FV spacers, howevdid maintain the infants’
inhalation manoeuvrewithin the desirable slow inhalatidiows recommendedor
thepMDI device.

Despite the similarity between the curré&@ spacer and its new Fyersion in terms

of maintaining the recommendgaMDI-spacer inhalation flow rateand thus the
paediatric asthma control levelthe FV group parents have demonstrated more
preferencdor the FV spacer compared to the Athe FV group parents stated that
with the visual flow indicator they could tell that their children were actually taking
their “puff’; this was of a particular importance when tlotildren were asleep while
being given their inhaled medicine. Moreover, the FV group parents commented that
they were able to confirm the exact number of breaths their children took through the
spacer by counting the times the FV indicator movEas visual drug delivery
reassuranceherefore, might justify the significant improvement in the quality of life

of the FV group parentS&imilarly, when the AC group parents were demonstrated the
FV spacerat the end of the study they also had a strong preference for this version.
This parental preferenadtitude makes the FV theHC of choice for their asthmatic

infants.

12
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Conclusion

The AeroChambePlusVHC and itsrecently enhanceBlow-Vu version maintained

the recommendepMDI-spacer inhalatioflow ratein infantswith asthmaThenovel

flap structurein the FV spaceprovided avisual feedbacko the parentsreassuring
them of sufficient therapy inhaled by theinfants Moreover, theindicators
movement enabled the parents to count the number of btak#drsby their children

via the spacer as péheir healthcare providers’ recommendation. Therefore, those
parentspreferred theecentFV spacey and this could be related to their iroped

perception of their infantsisthma control by better PACQLSgores

13
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Figure and Table Legends

Figure T The AeroChamber Flowu Valved Holding Chamber.

Figure2: Mean and 95% confidence interval for ACQ scores at baseline (visit 2) and
study end (visit 4).

Figure3: Mean and 95% confidence interval BACQLQ at badine (visit 2) and
study endVvisit 4).

Figure4: Mean and 95% confidence interval for peak inhalation fedwbaseline
(visit 2) and study endvisit 4).

Figure5: Likert preference score by the parents about their perception about the
AeroChamber Plus Flow-Vu Valved Holding Chamber (5=FV most

preferred, 1=AC most preferred)

Table T Patient demographic data

Table 2 Mean (SD) questionnaires scores and inhalation flow for each visit.

14
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Table 1 Patient demographic data.

) All participants AC group FV group
Variable
Frequency%)

Gender n=80 n=40 n=40
Males 51 (63.8%) 27 (67.5%) 24 (60.0%)
Females 29 (36.3%) 13 (32.5%) 16 (40.0%)

Mean (SD)
Age (years¥ 3.09 (1.05) 3.35(1.09) 2.83(0.93)
Height (cm)* 95.8 (15.8) 99.5 (12.7) 92.1 (17.6)

* The difference in agg€0.024) and heightp=0.036) between AC and FV groups at baseline did
not influence the study outcome measures.
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Table 2 Mean (SD) questionnaires scores and inhalation flow for each visit.

Parent preference for spacer with visual feedback

Visit 1 Visit 2 Visit 3 Visit 4
ACQ
AC 1.91 (1.11) 1.54 (0.89) 1.72 (1.15) 1.35 (0.85)
FV 1.75 (0.54) 1.78 (0.85) 1.47 (1.09) 1.54 (0.96)
PACQLQ (TOTAL)
AC 4.97 (1.05) 5.23 (0.95) 5.17 (1.23) 5.36 (1.11)
FV 5.34 (0.90) 5.51 (1.12) 5.94 (1.03) 6.02 (1.05)
PACQLQ (ACTIVITY)
AC 5.14 (1.15) 5.33 (1.08) 5.32 (1.38) 5.46 (1.26)
FV 5.14 (0.95) 5.31 (1.30) 5.98 (1.12) 6.04 (1.10)
PACQLQ (EMOTION)
AC 4.89 (1.13) 5.19 (1.08) 5.12 (1.30) 5.12 (1.30)
FV 5.43 (1.03) 5.60 (1.16) 5.92 (1.07) 6.01 (1.12)
Peak Inhalation Flow (L/min)
AC 41.2 (13.3) 40.8 (12.6) 41.8 (13.3) 40.5 (13.2)
FV 37.3(14.4) 36.8 (13.7 37.3(14.1) 37.9 (13.6)
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