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FOREWORD

Monaghan Medical and its affiliate company Trudell Medical have an enviable history of strong leadership in creating
innovative medical devices that enhance the quality of life for people of all ages. We focus our efforts on the well-being of
our employees and customers, and provide safe, valuable and easy to use devices for a global market.

The following variants of AeroChamber Plus® Valved Holding Chamber (VHC) are available:
e AeroChamber Plus® Flow-Vu® Anti-Static VHC
e AeroChamber Plus® Z STAT® Anti-Static Valved Holding Chamber (@aVHC)

Both of the variants provide comparable fine particle delivery to the MDI alone. /In vitro performance is not affected by
the addition of the product enhancements (anti-static chamber, Flow-Vu® Indicator). The enhancements were made to
increase ease of use for patients and their caregivers. The Flow-Vu® Inhalation Indicator is a feedback tool that helps
provide assurance that inhalation is performed correctly and allows caregivers to: ensure a proper seal, coordinate
actuation with inhalation and count patient breaths. The anti-static chamber provides consistent medication availability
and can be used right out of package with no pre-treatment required.

The aerosol drug delivery performance of AeroChamber® Brand of VHC is supported by hundreds of peer-reviewed
scientific studies. This study summary includes some of the more recent and relevant studies.

The following sections are included within the Study Summary:

1. Guidelines recommending Valved Holding Chambers
* National and International Guidelines recommending the use of VHCs with MDls

2. Importance of Valved Holding Chambers
* VHCs help improve medication delivery, reduce oropharyngeal deposition and assist patients overcome
difficulties in the co-ordination of actuation of the MDI with inhalation

3. Most Recommended - AeroChamber® Brand of Chambers
» Confidence in Aerosol Drug Delivery
* List of recommendations from MDI companies

4. Equivalency data
* In vitro data showing comparable fine particle delivery of AeroChamber Plus® VHC variants compared
to MDI alone

5. Importance of Flow-Vu® Inhalation Indicator
* Researchers highlight the importance of the Flow-Vu® Inhalation
Indicator in providing assurance of correct use for medication delivery

6. Influence of anti-static chambers
* Anti-Static chambers, provide consistent medication availability and improved ease of use

7. Importance of Facemask Seal
* Facemask seal is one of the most important factors in aerosol drug delivery to infants and children

8. Performance with different Metered Dose Inhaler formulations
* Divided by drug formulation, the studies are listed in chronological order with the most recent studies
appearing first

9. Large versus Small Volume VHCs
« Comparable performance between large and small volume VHCs

10. Metered Dose Inhalers and VHCs versus Nebulizers
« Advantages of MDI/VHC versus Nebulizer

11. Metered Dose Inhalers and VHCs Versus Dry Powder Inhalers
» Advantages of MDI/VHC versus DPIs
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Guidelines Recommending Valved Holding Chambers

The Metered Dose Inhaler (MDI) is the most commonly prescribed aerosol medication system. Valved Holding Chambers
are designed to improve medication delivery, reduce oropharyngeal deposition of medication and help patients overcome
difficulties in the co-ordination between actuation with an MDI and inhalation. Incorrect inhaler technique is prevalent
and is a major issue associated with poor Asthma control.

American Association of Respiratory Care (AARC) (www.aarc.org) - Neonatal and Pediatric Patients 2007
* A spacer/holding chamber should be used with an MDI
* A spacer/holding chamber with facemask is appropriate for patients (usually < 3 years) unable to use a mouthpiece

American College of Chest Physicians (ACCP)/American College of Allergy, Asthma & Immunology

(www.chestnet.org) 2005

e For patients who have trouble coordinating inhalation with device actuation, the use of a spacer (with a valve) may
obviate this difficulty

* The use of spacers is mandatory for infants and young children

British Thoracic Society/Scottish Intercollegiate Guidelines Network, UK (BTS / SIGN) (www.sign.ac.uk) 2014

e Children and adults with mild and moderate exacerbations of Asthma should be treated by bronchodilators given
from a pMDI + Spacer/Holding Chamber with doses titrated according to clinical response

* In children aged 0O-5, pMDI + spacer are the preferred method of delivery of B, agonists or inhaled steroids

* The spacer should be compatible with the pMDI being used

¢ A spacer should be used at high doses of inhaled corticosteroid

e Standard MDI when used in isolation (without spacer) is rarely appropriate for elderly patients

Canadian Pediatric Asthma Consensus Guidelines (www.cmaj.ca/cgi/content/full/173/6_suppl/S12) 2005
e The use of a holding chamber with pMDI is strongly recommended for children

Canadian Thoracic Society - 2010 Consensus Summary for children six years of age and over, and adults

The addition of a holding chamber with mouthpiece is helpful in overcoming poor hand-mouth coordination and

reducing side effects, with increased drug delivery and lung deposition

e Holding chambers with facemask attachments are useful for the elderly, who can use four to six tidal breaths for
each actuation of the medicine

Global Strategy for Asthma Management and Prevention 2017 (Global Initiative on Asthma) (www.ginasthma.com)

e pMDI + dedicated Spacer/Holding Chamber with facemask is the preferred delivery system for children less than
4 years of age

¢ pMDI + dedicated Spacer/Holding Chamber with mouthpiece is the preferred delivery system for children between
4 and 6 years of age

e Use of a spacer device improves delivery and (with inhaled corticosteroids) reduces the potential for side-effects

* The spacer device should have documented efficacy in young children

e The dose delivered may vary considerably between spacers, so consider this if changing from one spacer to
another

e Delay between actuating the pMDI into the spacer and inhalation may reduce the amount of drug available. This
varies between spacers, but to maximize drug delivery, inhalation should start as soon as possible after actuation.

e Ensure that the valve is moving while the child is breathing through the spacer.

e Static charge may accumulate on some plastic spacers, attracting drug particles and reducing lung delivery. This
charge can be reduced by washing the spacer with detergent (without rinsing) and allowing it to air dry, but it may
re-accumulate over time. Spacers made of anti-static materials or metals are less subject to this problem.

Global Initiative for Chronic Obstructive Lung Disease (GOLD) (www.goldcopd.com) 2015
e For the MDI, the addition of a large or small volume spacer often overcomes coordination problems, and improves
lower airway deposition and clinical benefit
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International Primary Care Respiratory Group (IPCRG) (www.theipcrg.org) 2006

e The preferred device for administering inhaled asthma medication for infants and young children is a pressurized
MDI with a spacer and face mask

¢ As the child’s ability to co-operate improves (often around the age of 4-6 years), a spacer with a mouthpiece can
be used rather than a face mask

National Heart, Lung, and Blood Institute (NHLBI) (www.nhlbi.nih.gov) 2007
e All patients taking inhaled steroids should use a Spacer/Holding Chamber
e Patients under 5 years should use a Spacer/Holding Chamber with Facemask for inhaled steroids

National Institute for Clinical Excellence, UK (NICE) (www.nice.org.uk) 2010

* Spacer/Holding Chamber recommended with a facemask where necessary for both corticosteroids and
bronchodilators (Children under 5)

e A press and breathe pMDI used with an appropriate Spacer/Holding Chamber is first choice for corticosteroids
(Children aged 5-15 years)

e COPD - pMDI alone is rarely suitable for use with the elderly

e The spacer should be compatible with the patient’s metered-dose inhaler

Netherlands - Nederlands Huisartsen Genootschap (NGH)
e Non breath-controlled MDIs are to always be used with a VHC unless the patient can adequately use the device
themselves

Spain - Guia Espaiola Para el Manejo del asma

¢ Inhalation is the choice for the treatment of asthma. The use of VHCs avoids the problem of coordination between
the inspiration pulsation and improves the distribution and amount of drug that reaches the bronchial tree

¢ In the treatment of mild to moderate disease it is recommended to use pMDI with a VHC
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Importance of Valved Holding Chambers

The majority of patients are not able to use pMDIs properly.

¢ A review of 2,123 asthma patients by the National Services for Health Improvement found that without training,
86% failed to properly use their inhaler. (Hardwell A. et al. Technique training does not improve the ability of most
patients to use pressurized metered-dose inhalers. Prim Care Respir J 2011; 20(1):92-6)

e Studies show that only 30% of people prescribed puffer aerosol medications use them correctly, and that number
may begin to slip as early as two months after the medication is prescribed. (/nhaled Respiratory Medicines:
Optimising use in COPD. Therapeutic Brief, Government of Australia, Version 3. North Melbourne Therapeutic
Guidelines Ltd. 2005)

e The majority (71%) of adult asthmatic patients are unable to use their inhaler devices effectively, and this misuse
was shown to result in decreased control of asthma symptoms. (Giraud V et al. Misuse of corticosteroid metered-
dose inhaler is associated with decreased Asthma stability, Eur Respir J 2002; 19:246-51)

e Unless they have been trained, only one in five patients is able to use the spray correctly. After being trained,
however, this statistic is still only one in two. (Lenny J et al. Inappropriate inhaler use: assessment of use and
patient preference of seven inhalation devices. Respir Med 2000; 94:496-500)

e 3 out of 4 patients do not use their inhaler properly resulting in poor delivery of aerosol medication to the lungs.
(Goodman DE et al. The influence of age, diagnosis and gender on proper use of metered-dose inhalers. Am. J
Respiratory and Critical Care Med 1994;150:1256-1261)

* Up to 91% of Asthma patients use their metered-dose inhalers improperly. (Plaza V. et al. Medical personnel and
patient skill in the use of metered dose inhalers;, a multicentre study. Respiration 1998;65:195-198)

e Numerous studies have identified sub-optimal inhaler techniqgue as a common problem in patients with
respiratory disease. (Epstein SW et al. Survey of the clinical use of pressurized aerosol inhalers. Can Med Assoc
J1979;120:813-816)

* Only 1 out of 10 patients with a metered dose inhaler performs all essential steps correctly. (Restrepo RD et al.
Medlication adherence issues in patients treated for COPD. Int J Chron Obstruct Pulmon Dis. 2008; Sep;3(3):371-
384)

* When a pMDI is used, more than 50% of subjects may perform < 5 out of 9 steps correctly and only about 11% of
the subjects could perform all steps correctly. Luk H et al. Teaching chronic obstructive airway disease patients
using a metered dose inhaler. Chin Med J. 2006;119:1669-72

OPTIMIZING THE DELIVERY OF INHALED MEDICATION FOR RESPIRATORY PATIENTS: THE ROLE OF VALVED

HOLDING CHAMBERS.

Mclvor RA, Devlin HM, Kaplan A. Canadian Respiratory Journal. Volume 2018, Article ID 5076259, 8 pages.
Valved holding chambers (VHCs) have been used with pressurized metered-dose inhalers since the early 1980s. They
have been shown to increase fine particle delivery to the lungs, decrease oropharyngeal deposition, and reduce side
effects such as throat irritation, dysphonia, and oral candidiasis that are common with use of pressurized metered-
dose inhalers (pMDIs) alone. VHCs act as aerosol reservoirs, allowing the user to actuate the pMDI device and then
inhale the medication in a two-step process that helps users overcome challenges in coordinating pMDI actuation
with inhalation. The design of VHC devices can have animpact on performance. Features such as antistatic properties,
effective face-to-facemask seal, feedback whistles indicating correct inhalation speed, and inhalation indicators all
help improve function and performance, and have been demonstrated to improve asthma control, reduce the rate of
exacerbations, and improve quality of life. Not all VHCs are the same, and they are not interchangeable. Each pairing
of a pMDI device plus VHC should be considered as a unique delivery system.

SPACER DEVICES FOR INHALER THERAPY: WHY USE THEM, AND HOW?

Vincken W, Levy ML, Scullion J, Usmani O, Dekhuijzen R, Corrigan C. ERJ Open Res 2018;4: 00065-2018.
We present an extensive review of the literature to date pertaining to the rationale for using a spacer/valved holding
chamber (VHC) to deliver inhaled therapy from a pressurised, metered-dose inhaler, a discussion of how the
properties of individual devices may vary according to their physical characteristics and materials of manufacture,
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the potential risks and benefits of ancillaries such as valves, and the evidence that they contribute tangibly to the
delivery of therapy. We also reiterate practical recommendations for the correct usage and maintenance of spacers/
VHCs, which we trust offer practical help and advice to patients and healthcare professionals alike.

SYSTEMATIC REVIEW OF ERRORS IN INHALER USE. HAS PATIENT TECHNIQUE IMPROVED OVER TIME?

Sanchis J, Gich I, Pedersen S on behalf of the ADMIT group. Chest 2016; 150(2):394-406.
Background: Problems with the use of inhalers by patients were noted shortly after the launch of the metered-dose
inhaler (MDI) and persist today. We aimed to assess the most common errors in inhaler use over the past 40 years
in patients treated with MDIs or dry powder inhalers (DPIs). Methods: A systematic search for articles reporting
direct observation of inhaler technique by trained personnel covered the period from 1975 to 2014. Outcomes were
the nature and frequencies of the three most common errors; the percentage of patients demonstrating correct,
acceptable, or poor technique; and variations in these outcomes over these 40 years and when partitioned into
years 1 to 20 and years 21 to 40. Analyses were conducted in accordance with recommendations from Preferred
Reporting Items for Systematic Reviews and Meta-Analyses and Strengthening the Reporting of Observational
Studies in Epidemiology. Results: Data were extracted from 144 articles reporting on a total number of 54,354
subjects performing 59,584 observed tests of technique. The most frequent MDI errors were in coordination (45%;
95% Cl, 41%-49%), speed and/or depth of inspiration (44%; 40%-47%), and no postinhalation breath-hold (46%; 42%-
49%). Frequent DPI errors were incorrect preparation in 29% (26%-33%), no full expiration before inhalation in 46%
(42%-50%), and no postinhalation breath-hold in 37% (33%-40%). The overall prevalence of correct technique was
31% (28%-35%); of acceptable, 41% (36%-47%); and of poor, 31% (27%-36%). There were no significant differences
between the first and second 20-year periods of scrutiny. Conclusions: Incorrect inhaler technique is unacceptably
frequent and has not improved over the past 40 years, pointing to an urgent need for new approaches to education
and drug delivery.

INHALER MISUSE IN AN OLDER ADULT POPULATION

Vanderman AJ, Moss JM, Bailey JC, Melnyk SD, Brown JN. Consult Pharm 2015;30(2):92-100.
Objective: To determine the prevalence of inhaler misuse in an older adult population. Design: Prospective
observational study. Setting:Two primary care outpatient clinics in a Veterans Affairs Medical Center in North
Carolina. Participants: Male veterans 65 years of age and older (n = 24) prescribed a pressurized metered dose
inhaler (pMDI) or a dry powder inhaler (DPI). Measurements: Inhaler technique was evaluated using placebo
inhaler devices and a standardized technique assessment form that included critical steps. Potential risk factors
for misuse were obtained from the medical record, and the time for technique evaluation was collected. Main
Results: Study participants yielded 44 unique device observations. Patients were male with an average age of
82 years. All patients made at least one error, with a mean error rate of 2.5 errors/patient/inhaler, while 20 of
24 (83%) patients made at least one critical error with a mean error rate of 1.2 critical errors/patient/inhaler.
Assessment of inhaler technique required 2.3 minutes/inhaler. Critical errors were made during 15 of 19 (79%)
pMDI observations and 22 of 25 (88%) DPI observations. Patients with multiple inhalers or a history of stroke
committed errors more often, although no risk factors demonstrated meaningful differences in error rates.
Conclusions: Inhaler misuse in older adults is common, including committing critical errors that have been shown
to reduce drug delivery. The time necessary for technique evaluation is relatively small. The high rate of misuse
observed should serve as motivation for increased vigilance, individualized technique education, and routine
re-assessment in the highly heterogeneous older adult population.

ASTHMA PATIENTS’ INABILITY TOUSE APRESSURIZED METERED-DOSE INHALER (PMDI) CORRECTLY CORRELATES
WITH POOR ASTHMA CONTROL AS DEFINED BY THE GLOBAL INITIATIVE FOR ASTHMA (GINA) STRATEGY: A
RETROSPECTIVE ANALYSIS
Levy ML, Hardwell A, McKnight E, Holmes J. Prim Care Respir J 2013;22(4):406-11.
Background: In practice it is logical that inhalers are prescribed only after patients have received training and
demonstrated their ability to use the device. However, many patients are unable to use their pressurized metered-
dose inhaler devices (pMDIs) correctly. We assessed the relationship between asthma control and patients’ ability

@°
.... monaghaﬂ monaghan means it matters 7



to use their prescribed pMDIs. Methods: Evaluation of 3,981 (46% male) primary care asthma patient reviews, which
included inhaler technique and asthma control, by specialist nurses in primary care in 2009. The paper focuses on
people currently prescribed pMDI devices. Results: Accurate data on reliever and preventer inhaler prescriptions
were available for 3,686 and 2,887 patients, respectively. In patients prescribed reliever inhalers, 2,375 (64%) and
525 (14%) were on pMDI alone or pMDI plus spacer, respectively. For those prescribed preventers, 1,976 (68%)
and 171 (6%) were using a pMDI without and with a spacer, respectively. Asthma was controlled in 50% of patients
reviewed. The majority of patients (60% of 3,686) were using reliever pMDls, 13% with spacers. Incorrect pMDI use
was associated with poor asthma control (p<0.0001) and more short burst systemic steroid prescriptions in the last
year (p=0.038). Of patients using beclometasone (the most frequently prescribed preventer drug in our sample),
significantly more of those using a breath-actuated pMDI device (p<0.0001) and a spacer (p<0.0001) were controlled
compared with those on pMDlIs alone. Conclusions: Patients who are able to use pMDIs correctly have better asthma
control as defined by the GINA strategy document. Beclometasone via a spacer or breath-actuated device resulted
in better asthma control than via a pMDI alone. Patients prescribed pMDIs should be carefully instructed in technigue
and have their ability to use these devices tested; those unable to use the device should be prescribed a spacer or an
alternative device such as one that is breath-actuated.

INHALER COMPETENCE IN ASTHMA: COMMON ERRORS, BARRIERS TO USE AND RECOMMENDED SOLUTIONS

The Inhaler Error Steering Committee, Price D, Bosnic-Anticevich S, Briggs A, Chrystyn H, Rand C, Scheuch G, Bousquet

J. Respiratory Medicine 2013;107(1):37-46.
Whilst the inhaled route is the first line administration method in the management of asthma, it is well documented
that patients can have problems adopting the correct inhaler technigue and thus receiving adequate medication. This
applies equally to metered dose inhalers and dry powder inhalers and leads to poor disease control and increased
healthcare costs. Reviews have highlighted these problems and the recent European Consensus Statement developed
a call to action to seek solutions. This review takes forward the challenge of inhaler competence by highlighting
the issues and suggesting potential solutions to these problems. The opportunity for technological innovation and
educational interventions to reduce errors is highlighted, as well as the specific challenges faced by children. This
review is intended as a policy document, as most issues faced by patients have not changed for half a century, and
this situation should not be allowed to continue any longer. Future direction with respect to research, policy needs
and practice, together with education requirements in inhaler technigue are described.

THE ADMIT SERIES - ISSUES IN INHALATION THERAPY. 5) INHALER SELECTION IN CHILDREN WITH ASTHMA

Broeders ME, Pedersen S, Dubus JC, Crompton G; ADMIT Working Group. Primary Care Respiratory Journal 2010;19 (3):

209-276.
Many children with asthma do not use their inhalers correctly and consequently gain little or no therapeutic benefit
from the treatment. The focus of inhalation therapy should be on those inhalers which are easiest to use correctly
by various groups of children and the amount of tuition and training required to obtain a correct technique. It is
recommended that clinicians focus on a limited number of inhalers. Most children can be taught effective inhalation
therapy by using a pMDI, a pMDI with a spacer, or a DPI. Most preschool children can be taught effective use of a pMDI
and spacer with a valve system and a face mask. Therefore, this is the preferred mode of delivery in these age groups.
When the child is capable of using the spacer without a face mask this administration technique should be adopted.
In older children pMDIs are more difficult to use correctly than a pMDI with a spacer, a DPI, or a breath-actuated
pMDI. Because DPIs and breath-actuated pMDIs are more convenient to use these devices are normally considered
the preferred inhalation devices in these age groups except for administration of beclometasone dipropionate, which
for safety reasons should be delivered by a spacer.

THE ADMIT SERIES - ISSUES IN INHALATION THERAPY. 2) IMPROVING TECHNIQUE AND CLINICAL EFFECTIVENESS.
Broeders ME, Sanchis J, Levy ML, Crompton GK, Dekhuijzen PN; ADMIT Working Group. Primary Care Respiratory Journal
2009;18(2):76-82.
Aerosol inhalation is considered the optimal route for administering the majority of drugs for the treatment of
obstructive airways diseases. A number of Pressurized Metered-Dose and Dry Powder Inhalers are available for
this purpose. However, inhalation of therapeutic aerosols is not without difficulty; it requires precise instructions on
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the inhalation maneuverer, which is different from spontaneous normal breathing. Also, the characteristics of the
inhaler device have to be suitable for the user. Available data indicate a frequent lack of knowledge demonstrated
by health professionals and patients on the inhalation maneuverer and handling of inhalers, resulting in a reduction
of therapeutic benefit. This paper reviews the literature concerning the fundamental aspects of inhaler devices,
inhalation maneuverer and device selection, in an attempt to increase the knowledge of, and to optimize the clinical
use of, therapeutic inhalers.

TARGETING DRUGS TO THE AIRWAYS: THE ROLE OF SPACER DEVICES

Lavorini F, Fontana GA. Expert Opin Drug Deliv 2009;6(1):91-102.
Aim: Spacer devices are inhalation aids of varying dimension and complexity, specifically designed to overcome
problems with the use of pressured metered dose inhalers (pMDIs). The aim of this review is to examine the current
understanding about these inhalation devices and discuss their advantages and disadvantages. Methods: The
pertinent literature concerning the characteristics and effects of spacers on delivery and lung deposition of inhaled
medications, as well as their clinical efficacy in patients with reversible airway obstruction, is examined. Results:
Spacers minimize problems of poor inhalation technique with pMDI, reduce oropharyngeal deposition and increase
lung deposition. Spacers improve the clinical effect of inhaled medications, especially in patients unable to use a
pMDI properly. Compared to both pMDIs and dry-powder inhalers, spacers may increase the response to beta-
adrenergic bronchodilators, even in patients with correct inhalation technique. A pMDI plus spacer has proven to
be viable lower cost alternative to the use of a nebulizer for delivering large bronchodilator doses in patients with
severe acute asthma or chronic obstructive pulmonary disease. The use of large-volume spacers is recommended for
delivering high doses of inhaled corticosteroids, and may permit a lower maintenance dose to be used. Conclusion:
pMDIs may be routinely fitted with a spacer, especially in situations where correct pMDI use is unlikely.

CHARACTERISTICS OF SPACER DEVICE USE BY PATIENTS WITH ASTHMA AND COPD
Guss D, Barash IA, Castillo EM. The Journal of Emergency Medicine 2008, 35(4):357-361.
Objective: Spacer devices (SD) in conjunction with metered dose inhalers (MDI) have been shown to be as effective
as saline nebulizers for the delivery of beta-agonists. A preliminary study suggests that SDs are not consistently
used. The purpose of this study was to investigate patterns of SD ownership and use to identify potential targets
for future educational efforts to increase ownership and use of SD. Methods: Cross-sectional convenience sample
survey of patients presenting to an academic Emergency Department (ED) with a history of asthma/COPD (chronic
obstructive pulmonary disease). Informed consent was obtained. Survey data included demographics, association
with a primary care physician (PCP), SD ownership, patterns of use, opinions of efficacy about SD and disease severity
assessed by duration of asthma/COPD, prior ED visits, hospitalizations, and history of prior intubation. Patterns
of use are described and univariate and multivariate analyses were used to identify factors associated with SD
ownership. Results: Of the 313 patients, 55.9% were female, the mean age was 46.0 years (standard deviation 14.7),
54.3% were white, and 143 patients (45.7%) reported owning a SD. A total of 36.4% reported a prior hospitalization
for their condition and 24% reported a history of being intubated. Less than half of patients presenting with asthma
or COPD exacerbation that reported owning a SD used it the day of presentation to the ED. Logistic regression
identified having a PCP and a history of prior hospitalization for asthma/COPD as factors independently associated
with SD ownership (odds ratio [OR] 1.7, 95% confidence interval [CI] 1.1-2.7 and OR 2.2, Cl 1.3-3.5, respectively).
Conclusion: A majority of patients with asthma/COPD do not own a SD. These data suggest that there is significant
opportunity for educational efforts directed at a broad range of asthma/COPD patients in hopes of increasing
ownership and use of SD.

THE NEED TO IMPROVE INHALATION TECHNIQUE IN EUROPE: A REPORT FROM THE AEROSOL DRUG
MANAGEMENT IMPROVEMENT TEAM
Crompton GK, Barnes PJ, Broeders M, Corrigan C, Corbetta L, Dekhuijzen R, Dubus JC, Magnan A, Massone F, Sanchis J,
Viejo JL and Voshaar T. Respir Med 2006,100.1479-1494.
Although the principles of asthma management are well established in Europe, the available data indicate that
asthma in patients is not well controlled. Many patients derive incomplete benefit from their inhaled medication
because they do not use inhaler devices correctly and this may compromise asthma control. The Aerosol Drug
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Management Improvement Team (ADMIT), incorporating clinicians from the UK, Germany, France, Italy, Spainand The
Netherlands, reviewed published evidence to examine ways to improve the treatment of reversible airways disease in
Europe. Data indicate that there is a clear need for specific training of patients in correct inhalation technique for the
various devices currently available, and this should be repeated frequently to maintain correct inhalation technique.
Devices which provide reassurance to patients and their physicians that inhalation is performed correctly should
help to improve patient compliance and asthma control. Educational efforts should also focus on primary prescribers
of inhaler devices. ADMIT recommends dissemination of information on the correct inhalation technique for each
model of device by the use of an accessible dedicated literature base or website which would enable to match
the appropriate inhaler to the individual patient. There is also a need for standardization of prescribing practices
throughout Europe. Regular checking of inhalation technique by prescribers is crucial as correct inhalation is one of
the keystones of successful asthma management.

REGIMEN AND DEVICE COMPLIANCE: KEY FACTORS IN DETERMINING THERAPEUTIC OUTCOMES
Everard ML. J Aerosol Med 2006,19(1):67-73.

The two most important differences between inhaled and oral therapy are (1) the lungs have evolved to exclude
foreign material while the gut has evolved to take in large amounts of foreign material, and (2) even if patients adhere
to a treatment regimen (regimen compliance or adherence), they may fail to derive any benefit from using an inhaler
due to failure of drug delivery (poor device compliance). In other words: True compliance = regimen compliance x
device compliance. Aerosol scientists, building on the observations of those working in the field of industrial hygiene,
have developed devices that largely address the challenge of bypassing the lung’s defenses, in that current devices
generate aerosols that contain a significant proportion of particles in the range of 1-5 microm. These have a relatively
high probability of entering the lungs and depositing through impaction and/or sedimentation. The development
of delivery systems for systemically acting drugs has led to further refinement. The second issue, that of patient
behavior, has, until very recently, received very little attention from those developing devices. Regimen compliance
involves taking the medication at the suggested times. Device compliance (using the device optimally) is dependent
on competence and contrivance. A patient taking a tablet before rather than after a meal is likely to receive some
therapeutic benefit even if the effect is suboptimal. A patient whose device compliance is poor because either they
are not competent to use the device or contrive to use it in an ineffective manner may derive little or no benefit even
if they are scrupulously adhering to their treatment regimen. Lack of precision in the use of the terms “compliance”
and “adherence” has contributed to the failure to build in features that may help address issues relating to patient
behavior. The resurgence of interest in developing devices that can be used to deliver potent systemically acting
drugs has, out of necessity, led to the development of systems that help minimize the impact of poor competence or
contrivance on drug delivery. There are suggestions, that need to be confirmed, that regimen compliance (adherence)
can be influenced by providing feedback. In the absence of formal studies, comparison of the high-tech and low-tech
approaches to improving device compliance incorporated into novel devices might provide valuable insights into
what aspects of feedback are important in the clinical setting.

RECENT ADVANCES IN AEROSOL THERAPY FOR CHILDREN WITH ASTHMA.

Devadason SG. Journal of Aerosol Medicine 2006,19(1):61-66.
Inhalational drug delivery is the primary mode of asthma therapy in children and is the main focus on this article.
Pressurized metered dose inhalers (pMDIs) are now the method of choice in infants and children under 5 years old,
when used in combination with an appropriate valved holding chamber or spacer. Spacers are particularly important
for steroid inhalation to maximize lung depositation and minimize unwanted oropharyngeal depositation. Optimal
inhalation technique with a pMDI-spacer in infants is to inhale the drug by breathing tidally through the spacer. Drug
delivery to the lungs using pMDIs can vary greatly, depending on the formulation used and the age of the child.
Dry powder inhalers (DPIs) are driven by the peak inspiratory flow of the patient and are usually not appropriate
for children under 5 or 6 years of age. Nebulizers continue to play a role in the treatment of acute asthma where
high doses of bronchodilator are required, though multiple doses via pMDI spacer may suffice. Important drug
delivery issues specific to children include compliance, use of mask versus mouthpiece, lower tidal volumes and
inspiratory flows, determination of appropriate dosages, and minimization of adverse local and systemic effects.
Conclusion: In recent times, pMDI-spacers have become the most commonly used approach to aerosol therapy in
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children. They can be used for all ages, and can be used both for long-term preventative therapy and for short-term
treatment of acute exacerbations. One of the main advantages of pMDI-spacer use is that normal tidal breathing can
be used during aerosol administration, which makes them ideal for infants and younger children. However, there are
many newer and more innovative devices available that offer therapeutic advantages in terms of increased efficacy,
convenience, and compliance, particularly for older children and adolescents. The ability of a child to utilize an
inhaler device and to perform the required inhalation technique consistently must be evaluated when making the
choice of an appropriate delivery system for children of different ages.

SKILLS AMONGST PARENTS OF CHILDREN WITH ASTHMA: A PILOT INTERVENTIONAL STUDY IN PRIMARY CARE

SETTING

Aziz NA, Norzila MZ, Hamid MZ, Noorlaili MT. Med J Malaysia 2006 Dec,;61(5):534-9.
The increasing prevalence of childhood asthma has become a concern among health practitioners. Effective
management emphasizes long-term management and inhaled therapy has become the mainstay home management
for children. However, proper utilization of medication is pertinent in improving control. Proper asthma education
is mandatory in improving skills and confidence amongst parents. To assess the skills of using the metered-dose
inhaler (MDI) with a spacer among asthmatic children before and after educational intervention and to analyze any
difficulties which may occur amongst the participants in executing the assessment steps. A cross-sectional clinic
based study involving 85 parents and children with asthma. A standardized metered-dose inhaler-spacer checklist
of eight steps of medication usage and five steps of cleaning the spacer were used as the assessment tools for pre
and post intervention. The performance on using the inhaler-spacer and spacer cleaning knowledge pre and two
months post intervention was evaluated. One point was given for each correct step and zero points for incorrect
answers/steps. The mean score for skills of inhaler technique improved significantly after educational intervention
(3.51to 6.01, p < 0.0001) as did the mean score for parental knowledge of spacer cleaning technique (1.35 to 3.16,
p 0.001). Analysis showed only a limited improvement even after an educational session in three steps of inhalation
technique: step 5 (23.5%/69.4%), step 6 (28.2%/68.2%) and step 7 (25.9%/61.2%). Parents with asthmatic children
had poor skills in utilizing their children’s medication. A short-term educational intervention was able to improve
overall knowledge and skill but certain skills need more emphasizing and training.

ASTHMA MANAGEMENT: IMPORTANT ISSUES

Barnes P, Virchow JC, Sanchis J, Welte T and Pedersen S. Eur Respir Rev 2005,14(97). 147-151.
Although most attention has been focused on the drugs used to control asthma, it is increasingly recognized
that effective delivery of these drugs to the lungs is just as important. The most effective drugs, ,-agonists and
corticosteroids, are given by inhalation so there has been a search for more efficient inhaler devices that are easier
for patients to use. A symposium at the European Respiratory Society Annual Meeting in 2005 discussed some of
the important issues in inhaler therapy in adults and children. This article summarizes the major points of discussion
that arose out of this symposium. New more effective inhaler devices are now becoming available and are likely to
have an important impact on asthma management.

PEDIATRIC PULMONARY DRUG DELIVERY: CONSIDERATIONS IN ASTHMA TREATMENT

Berger, William E. Expert Opin Drug Deliv 2005,2(6):965-980.
Aerosol therapy, the preferred route of administration for glucocorticosteroids and short-acting B,-adrenergic
agonists in the treatment of pediatric asthma, may be given via nebulizers, metered-dose inhalers and dry powder
inhalers. For glucocorticosteroids, therapy with aerosolized medication results in higher concentrations of drug at
the target organ with minimal systemic side effects compared with oral treatments. The dose of drug that reaches
the airways in children with asthma is dependent on both the delivery device and patient-related factors. Factors
that affect aerosol drug delivery are reviewed briefly. Advantages and disadvantages of each device and device-
specific factors that influence patient preferences are examined. Although age-based device recommendations have
been made, the optimal choice for drug delivery is the one that the patient or caregiver prefers to use, can use
correctly and is most likely to use consistently.
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DO PEDIATRIC HEALTHCARE PROVIDERS KNOW HOW TO USE METERED DOSE INHALER PLUS SPACER DEVICES?
lheagwara K, Sharif |, Ozuah PO. Prim Care Respir J 2005,;14(3):172-3.
We tested whether health practitioners correctly used MDI-spacer devices. Of 122 subjects, 89% had instructed a
patient on using a spacer. Whilst performance with the AeroChamber® was the best, only 3% correctly demonstrated
all the steps for that device.

HOW CAN WE IMPROVE ASTHMA MANAGEMENT?

Barnes PJ. Curr Med Res Opin 2005,21 Suppl 4:S1-3.
Asthma remains a poorly controlled disease both in Europe and the USA despite the availability of effective asthma
treatments. Patient noncompliance, incorrect use of inhaler devices, insufficient treatment of peripheral airway
inflammation as well as limitations of the asthma management guidelines themselves may all contribute to this
poor control. Asthma control may be improved by improving the consultation process during the visit at the doctor.
The ideal consultation would involve critical listening to the patient, accurate assessment of asthma symptoms
as indicators for asthma control and prescribing the appropriate medication and dose for the individual patient
according to the degree of severity of asthma. In addition, correctness of inhalation technique as performed by
the patient should be regularly checked; patients should be educated and trained how to manage their personal
condition and should be offered convenient follow-up options. Choosing the right inhaler for the patient may improve
patient compliance. Inhaler choice should be based on an evidence-based rationale rather than on an empirical basis.
The preference of the patient should also be taken into consideration, as it is the patient who has to use the inhaler
daily over a long period of time. The ideal inhaler should demonstrate sufficient drug delivery to the lower airways as
well as good drug distribution to both the central and peripheral airways. It should ensure consistency of the emitted
dose, be easy to teach and use, be small in size and convenient to handle. It should also be multi-dose, require a
low inspiratory airflow for activation, provide feedback to the patient on correct inhalation technique, be re-usable/
refillable, have an appealing design, and have a reliable dose counter.

MISUSE OF CORTICOSTEROID METERED-DOSE INHALER IS ASSOCIATED WITH DECREASED ASTHMA STABILITY

Giraud V, Roche N. Eur Respir J 2002;19:246-5].
This study assessed whether the improper use of pressurized metered-dose inhalers (pMDIs) is associated with
decreased asthma control in asthmatics treated by inhaled corticosteroids (ICS). General practitioners (GPs) included
consecutive asthmatic outpatients treated by pMDI-administered ICS and on-demand, short-acting beta2-agonists.
They measured an asthma instability score (AIS) based on daytime and nocturnal symptoms, exercise-induced
dyspnea, beta2-agonist usage, emergency-care visits and global perception of asthma control within the preceding
month; the inhalation technigue of the patient also was assessed. GPs (n=915) included 4,078 adult asthmatics; 3,955
guestionnaires were evaluable. pMDI was misused by 71% of patients, of which 47% was due to poor coordination.
Asthma was less stable in pMDI misusers than in good users (AIS: 3.93 versus 2.86, p<0.001). Among misusers,
asthma was less stable in poor coordinators (AIS: 4.38 versus 3.56 in good coordinators, p<0.001). To conclude,
misuse of pressurized metered-dose inhalers, which is mainly due to poor coordination, is frequent and associated
with poorer asthma control in inhaled corticosteroid-treated asthmatics. This study highlights the importance of
evaluating inhalation technique and providing appropriate education in all patients, especially before increasing
inhaled corticosteroid dosage or adding other agents. The use of devices which alleviate coordination problems
should be reinforced in pressurized metered-dose inhaler misusers.

POOR INHALATION TECHNIQUE, EVEN AFTER INHALATION INSTRUCTIONS, IN CHILDREN WITH ASTHMA

Kamps AWA, van Ewijk B, Roorda RJ et al. Pediatr Pulmonol 2002,29:39-42.
The aim of this study was to evaluate the effect of instructions to children with asthma (given by general practitioners
or by pharmacy assistants) on how to inhale from metered dose inhalers with spacers (MDI/s) or dry powder inhalers
(DPID). We scored inhalation technique of asthmatic children according to criteria defined by the Netherlands Asthma
Foundation, and related the performance to the inhalation instructions given. For each inhaler, a number of steps
were considered essential for reliable drug delivery. Patients newly referred for asthma were asked to demonstrate
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their inhalation technique and to fill out a questionnaire on the inhalation instruction received prior to referral.
Children participating in a clinical trial, who had received repeated comprehensive inhalation instructions, served
as a control group. Sixty-six newly referred patients (1-14 years of age, median age 5 years; 37 boys) and 29 control
patients (5-10 years of age, median age 7 years; 21 boys) completed the study. Sixty patients (91%) had received
inhalation instruction prior to referral. Only 29% of these patients, using a dry powder inhaler, performed all essential
steps correctly, compared to 67% of children using a metered dose inhaler/spacer combination (p<0.01). Children
who had received comprehensive inhalation instructions with repeated checks of proper inhalation technique at
the pharmacy or in the clinical trial setting were more likely to perform all essential steps correctly (79% and 93%,
respectively) than children who had received a single instruction by a general practitioner (39%, p<0.01). Many
asthmatic children use their inhalers devices too poorly to result in reliable drug delivery, even after inhalation
instruction. Comprehensive inhalation instruction and repeated check-ups are needed to assure reliable inhalation
technique.

DETERMINANTS OF CORRECT INHALATION TECHNIQUE IN CHILDREN ATTENDING A HOSPITAL-BASED ASTHMA

CLINIC

Kamps AWA, Brand PLP, Roorda RJ. Acta Paediatr 2002,91:159-63.
Many children with asthma use their inhaler device incorrectly even after comprehensive inhalation instruction.
The aim of this study was to identify factors associated with correct inhalation technique. Two hundred children
with asthma demonstrated their inhalation technique. Patient characteristics and the components of inhalation
instructions they had received were compared for children demonstrating a correct or incorrect inhalation technique.
In addition, the inhalation technique of 47 newly referred patients was followed-up prospectively after repeated
comprehensive instruction sessions. Seventy-eight percent of all patients demonstrated a correct inhalation
technique. Patients who had received repeated instruction sessions and patients who had previously been asked to
demonstrate the use of their inhaler during an instruction session were more likely than other children to demonstrate
a correct inhalation technique (p<0.001 and p = 0.03, respectively). Multiple logistic regression analysis showed
that repetition of instructions was significantly associated with a correct inhalation technigue (odds ratio (OR) 8.2,
95% Cl 3.2-21.5; p<0.0001) irrespective of type of inhaler used. Demonstration of the inhaler use by the patient was
significantly associated with a correct inhalation technique for patients using a metered dose inhaler plus spacer
device (OR 3.5, 95% CI 1.0-12.6; p = 0.05). but not for patients using a dry powder inhaler (OR 1.6, 95% CI| 0.4-6.4;
p = 0.54). The number of newly referred patients demonstrating a correct inhalation technique improved from
57.4% to 97.9% after three comprehensive instruction sessions. Conclusion: Inhalation instruction should be given
repeatedly to achieve and maintain correct inhalation technique in asthmatic children.

MEDICAL PERSONNEL AND PATIENT SKILL IN THE USE OF METERED DOSE INHALERS: A MULTICENTRIC STUDY

Plaza V, Sanchis J. Respiration 1998,65:195-8.
The objective was to evaluate the correctness of the inhalation technique in a nationwide sample of patients and
medical personnel, in order to define targeted educational goals. A total of 1,640 volunteers (746 patients, 466
nurses and 428 physicians) were evaluated. Only 9% of patients, 15% of nurses and 28% of physicians showed a
correct inhalation technique. Physicians performed significantly better (mean score 77 +/- 23) than nurses (71 +/-
22) and patients (62 +/- 26). Scores in general practitioners and pediatricians were significantly lower than those
of chest physicians and allergists. In conclusion, proper use of metered dose inhalers (MDI) in patients and medical
personnel is still faulty. Despite the physician’s awareness of the importance of a correct inhalation technique in the
use of MDI, this study shows severe deficiencies, showing the need for substantial changes in educational efforts,
and particularly addressed to general practitioners.
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Most Recommended: AeroChamber® Brand of VHC

Chambers Are Not Interchangeable:

“Even small changes in VHC size and geometries, as well as different designs of valves, will likely result in differences
in critical performance attributes - if it looks similar, it does not mean its performance is equivalent.” Suggett et al.
Statistical Performance Evaluation of Similar Looking Valved Holding Chambers: If it looks the same, does it perform the
same? Respiratory Drug Delivery 20]16.

“Different VHCs may provide varying amounts of the same medication to a patient. The medication delivery from the
VHC can be affected by a number of factors, including size, shape, valve functionality and materials. Mitchell JP et al.
The attributes of an ideal universal valved holding chamber for use with pressurized metered dose inhalers. Respiratory
Drug Deliver 2015.

“The use of different spacer devices may result in variable effects on drug delivery.” Flovent HFA Product Monograph,
Canada 2074.

“VHCs are not interchangeable ... Parents, clinicians and pharmacists should be educated not to interchange VHCs once
a child is stable on a particular ICS dose and VHC combination. Moreover, the initial prescription for a VHC should include
language (e.g. “Do not substitute” or “Medically necessary”) to prevent the pharmacist from substituting a different VHC.
We suggest that each VHC should be evaluated for relative lung bioavailability prior to their routine use with a particular
ICS” Blake K et al. Bioavailability of inhaled fluticasone propionate via chambers/masks in young children. Eur Respir J
2012;39:1.

“Commercially produced spacers with well-characterized drug output characteristics are preferable, although spacer
devices or face masks differ in their drug delivery and therefore may not be interchangeable” GINA - Global Strategy for
Asthma Management and Prevention. Updated 2012

“Spacers come in different designs and, since the dose received may vary considerably from one device to another,
a spacer device that has documented efficacy in young children is recommended.” GINA - Global Strategy for the
Diagnosis and Management of Asthma in Children 5 Years and Younger, 20]10.

“Spacers should not be regarded as interchangeable: patients who use a spacer with their inhaler should use the spacer
device named in the Summary of Product Characteristics (where specified by name). Patients whose asthma is well
controlled and who are using a spacer should always use the same type of spacer and not switch between spacers.
Different spacers may deliver different amounts of inhaled corticosteroid, which may have implications for both safety
and efficacy.” Drug Safety Update - Inhaled products that contain corticosteroids, July, 2008. Medicines and Healthcare
Products Regulatory Agency (MHRA).

“Only spacer devices specifically identified as suitable for a particular CFC-free inhaler should be used - they are not
interchangeable.” PJ Practice Checklist - CFC-Free Inhalers. Produced by the Pharmaceutical Journal, February, 1999,
Updated January 2001. Moffat T. Royal Pharmaceutical Society of Great Britain. Pharmacists - the scientists in the high
street. 2002.

AeroChamber® Brand of VHC Is Recommended for Use with the Following Metered Dose Inhalers:

AirFluSal' MDI 25 microgram/125 microgram per actuation pressurised inhalation, suspension - Summary of Product
Characteristics, UK

Use of a spacer device with AirFluSal MDI is recommended in patients who have, or are likely to have difficulties in
coordinating actuation of the inhaler with inspiration of breath. Either the Volumatic spacer device or the AeroChamber
Plus spacer device can be used (depending on National Guidance). Patients should be instructed in the proper use and
care of their inhaler and spacer and their technique checked to ensure optimum delivery of the inhaled drug to the
lungs. Patients should continue to use the same make of spacer device as switching between spacer devices can result
in changes in the dose delivered to the lungs.

AirFluSal' MDI 25 microgram/125 microgram per actuation pressurised inhalation, suspension - Summary of Product
Characteristics, UK

If you find it difficult to use the inhaler, either your doctor or other healthcare provider may recommend using a spacer
device such as the Volumatic’ or AeroChamber Plus® (depending on National Guidance) with your inhaler. Patients should
continue to use the same make of spacer device, either the Volumatic spacer device or the AeroChamber Plus® spacer
device, as switching between spacer devices can result in changes in the dose delivered to the lungs. It is important that
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if you are using a spacer device with your inhaler that you do not stop using it without talking to your doctor first. It is
also important that you do not change the type of spacer device that you use without talking to your doctor. If you stop
using a spacer device or change the type of spacer device that you use your doctor may need to change the dose of
medicine required to control your asthma.

Airomir' - Patient Instruction Leaflet, UK
Some people find it difficult to press their inhaler and breathe in at the same time. A spacer device helps to overcome this
problem. The spacer that fits AIROMIR Inhaler is called the AeroChamber Plus® spacer device. If you use the AeroChamber
Plus® spacer device please follow the instructions provided with it. Your doctor, nurse or pharmacist will be able to advise
you about the AeroChamber Plus® device.

Airomir' - Summary of Product Characteristics, UK
For patients requiring a spacer device, the AeroChamber Plus® has been shown to be compatible with Airomir Inhaler.

AirSalbt CFC-free Inhaler 100 ug/dose, Summary of Product Characteristics, EU
Salbutamol may be used with a Vortext or AeroChamber Plus® spacer device by children and patients who find it difficult
to synchronise aerosol actuation with inspiration.

AirSalb* CFC-free Inhaler 100 ug/dose, Package Leaflet, EU

Some people find it difficult to release a puff of medicine just after they start to breathe in. In this case, as well as for
children, the Vortext or AeroChamber Plus® spacer device can be used. Please refer to the product information of the
spacer device for its correct handling.

Alvescot 160/80 Summary of Product Characteristics, EU
To address specific patient needs, such as finding it difficult to press the inhaler and breathe in at the same time, Alvescot
Takeda can be used with the AeroChamber Plus® spacer device.

Alvescot 100/200 Product Monograph, Canada
In patients who find co-ordination of a pressurized metered dose inhaler difficult, a spacer device (AeroChamber Plus®)
may be used with Alvescot.

Alvesco’ 40, 80 and 160 Patient Instruction Leaflet, UK

If you find it difficult to use the inhaler, your doctor may recommend the use of a spacer. The spacer that fits the Alvesco
inhaler is called AeroChamber Plus®. If you use the AeroChamber Plus® device, please follow the instructions provided
with it. Your doctor or pharmacist will be able to advise you about the device.

Atrovent’ Inhaler CFC-Free 20 Summary of Product Characteristics, EU
The inhaler can be used with the AeroChamber Plus® spacer device. This may be useful for patients, e.g., children, who
find it difficult to synchronize breathing in and inhaler actuation.

Atrovent' Inhaler CFC-Free 20 Patient Instruction Leaflet, UK

If you find breathing in and pressing the inhaler at the same time (step 3) difficult you should talk to your doctor or
pharmacist, as you could use a spacer device (AeroChamber Plus®) with your inhaler. A spacer is a device designed to
make step 3 easier. A spacer is generally a plastic container with a mouthpiece at one end and a hole for inserting the
mouthpiece of the inhaler at the other end. The puff of medicine from your inhaler is sprayed into the spacer and the
puff of medicine stays there, inside the spacer, until you breathe in through your mouth from the spacer with the spacer
mouthpiece in your mouth and with your lips closed around it. This means that you do not have to worry about breathing
in and pressing the inhaler at the same time.

Combisal’ metered dose pressurized suspension, Summary of Product Characteristics, UK

Use of an AeroChamber Plus® spacer device with Combisal’ is recommended in patients who have, or are likely to have,
difficulties in coordinating actuation with inspiration (e.g. Children < 12 years old). Only the AeroChamber Plus® spacer
device should be used with Combisal’. Other spacing devices should not be used with Combisal and patients should not
switch from one spacer device to another.

Combisal’ metered dose pressurized suspension, Patient Instruction Leaflet, UK

If you or your child find it difficult to use the inhaler, either your doctor or other healthcare provider may recommend
using an AeroChamber Plus® spacer device with your inhaler. Other spacer devices are not recommended for use with
Combisal” and you should not switch from the AeroChamber Plus® device to another. It is also important that you do not
change or stop using the spacer without talking to your doctor, they will know how to modify the therapy.
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Flutiform’ pressurized inhalation suspension, Summary of Product Characteristics, EU

Use of a spacer device with Flutiform inhaler is recommended in patients who find it difficult to synchronize aerosol
actuation with inspiration of breath. The AeroChamber Plus® is the only spacer device recommended for use with
Flutiform inhaler.

Flutiform’ pressurized inhalation suspension, Patient Instruction Leaflet, EU
If you have difficulty using your inhaler your doctor or asthma nurse may give you a device called an AeroChamber Plus®
spacing device, to help you to breathe your medicine into your lungs properly.

Fostair' 100/6 Inhalation Aerosol - Summary of Product Characteristics - EU
Patients who find it difficult to synchronize aerosol actuation with inspiration of breath, may use the AeroChamber Plus®
spacer device.

Fostair' 100/6 Inhalation Aerosol - Patient Instruction Leaflet - EU
If you find it difficult to operate the inhaler while starting to breathe in you may use the AeroChamber Plus® spacer
device. Ask your doctor, pharmacist or nurse about this device.

Kelhale' 100 - Patient Instruction Leaflet - UK
The inhaler can be used with a device called Aerochamber Plus® spacer. This may be useful for people who find it difficult
to synchronise breathing in and inhaler actuation.

Kelhale' 100 - Summary of Product Characteristics - UK
Where a spacer is considered necessary for specific patient needs, beclometasone dipropionate aerosol can be used
with AeroChamber Plus® holding chamber, as the extrafine particle fraction is maintained.

Qvar' 50/100 Product Monograph, Canada
Where a spacer is considered necessary the AeroChamber® is a suitable device for use with QVART MDI as the extrafine
particle fraction is maintained.

Qvar' 50/100 Summary of Product Characteristics, UK
Where a spacer is considered necessary for specific patient needs, Qvar aerosol can be used with AeroChamber Plus®
holding chamber, as the extrafine particle fraction is maintained.

Qvar' 50/100 Patient Instruction Leaflet, UK
The spacer that fits Qvar aerosol is called the AeroChamber Plus® spacer device.

Respimat’ Soft Mistt Inhaler - Kamin et al., 2011
To ensure standardized dosing, the use of the Respimatt inhaler with spacer (AeroChamber Plus®) is recommended for
all children below 5 years of age.

Sereflo’ 25/250 Summary of Product Characteristics, UK
Either the Volumatic spacer or the AeroChamber Plus® spacer device can be used (depending on National Guidance).

Sereflo’ 25/250 Patient Instruction Leaflet, UK
If you find it difficult to use the inhaler, either your doctor or other healthcare provider may recommend using a spacer
device such as the Volumatic® or AeroChamber Plus® with your inhaler.

Seretidet Evohalert 50/125/250 - Summary of Product Characteristics - EU

Use of a spacer device with Seretide inhaler is recommended in patients who have, or are likely to have difficulties to
coordinate actuation with inspiration. Either the Volumatic” or AeroChamber Plus® spacer device can be used (depending
on National Guidance).

Seretide’ Evohaler' 50/125/250 - Patient Instruction Leaflet - EU

If you or your child find it difficult to use the Evohaler, either your doctor or other healthcare provider may recommend
using a spacer device such as the Volumatic’ or AeroChamber Plus® with your inhaler. It is important that you do not
change the type of spacer device that you use without talking to your doctor.

Sirdupla’ Inhaler 25/125 and 25/250 - Patient Instruction Leaflet & Summary of Product Characteristics - UK
Only the AeroChamber Plus® spacer device should be used with Sirdupla’. Other spacing devices should not be used with
Sirdupla and you should not switch from one spacer device to another.

Symbicortt pMDI, Patient Instruction Leaflet, UK
Your doctor, nurse or pharmacist may suggest that you use a spacer device (e.g., AeroChamber Plus® Flow Vu® or
AeroChamber Plus®). Follow the instructions in the leaflet that is packed with the spacer device.
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Symbicortt pMDI, Summary of Product Characteristics, UK

Use of a spacer device (e.g, AeroChamber Plus® Flow Vu® or AeroChamber Plus®) with Symbicort (pressurised inhalation,
suspension) is usually recommended, especially in patients who have, or are likely to have difficulties to coordinate
actuation with inhalation.

Trimbow?’, Summary of Product Characteristics, EU
Patients who find it difficult to synchronise aerosol actuation with inspiration of breath may use the AeroChamber Plus®
spacer device, properly cleaned as described in the relevant leaflet.

Trimbow?, Patient Instruction Leaflet, EU
If you find it difficult to use the inhaler while starting to breathe in, you may use the AeroChamber Plus® spacer device.
Ask your doctor or pharmacist about this device.

Zenhalet Product Monograph, Merck Canada Inc.
Use of the AeroChamber Plus® Anti-Static valved holding chamber is recommended with ZENHALE, in patients who find
it difficult to synchronize aerosol actuation with inspiration of breath.

Clinical Data with AeroChamber® Brand of VHC Included in the Following Product Monographs:

Advair’' Product Monograph, Canada, May 2011
50 /125 / 250 mcg

Flovent' HFA Inhalation Aerosol Product Monograph, USA, 2014
44 /110 / 220 mcg

Flovent' HFA Inhalation Aerosol Product Monograph, Canada, 2014
50 /125 /250 mcg

Ventolin' HFA Inhalation Aerosol Product Monograph, USA, 2014
90mcg

Confidence in Aerosol Delivery

Most studied brand of VHC
Supported by hundreds of in vitro and in vivo studies

Winner of Top Ten Innovations in Technology Award (2013)
AeroChamber Plus® Flow-Vu® Chamber has won an award for being one of the top 10 innovations in technology. The
award was given by the nonprofit group - Allergy & Asthma Network Mothers of Asthmatics. A panel of editors, board
members, families, and volunteers reviewed innovations and technologies that have changed the world, narrowing
it down to the top 10 within the last 25 years. The award was given to products and services that have improved the
quality of life for people with asthma and allergy conditions.

Free of Bisphenol A, Phthalates, Latex, Lead and PVC
*i There continues to be new studies regarding the potential health risks associated with BPA. Since the
mdh(‘“m"n;f“) medications taken with our products are critical to the health of those that need them, it is our responsibility
to lead in the development of consumer friendly products that are manufactured from materials that do not

with BPA (Bisphenol A)
contain BPA.

or Natural Rubber
Latex.

Manufactured to the Highest Quality Standards
AeroChamber Plus® Flow-Vu® Chambers are manufactured in a registered facility. MMC is registered to ISO
13485, which is specific for medical device manufacturers.
REGISTERED
ISO 13485
QuALITY sysTeW
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Equivalency Data - AeroChamber® Brand of VHCs

ARE VALVED HOLDING CHAMBERS (VHCS) INTERCHANGEABLE? AN /N VITRO EVALUATION OF VHC

EQUIVALENCE.

Dissanayake S, Nagel M, Falaschetti E, Suggett J. Pulm Pharmacol Ther. 2018 Feb,;48:179-184.

doi:10.1016/).pupt.2017.10.005. Epub 2017 Oct 10
Introduction: The European Medicines Agency (EMA) requires that a specific valved holding chamber (VHC) is
designated for use with a given pressurised metered dose inhaler (pMDI). No other regulatory authorities impose
similar requirements, implying that VHCs are interchangeable. This /in vitro study, employing EMA assessment
criteria, assessed the equivalence of four antistatic VHCs (@VHCs) versus the non-conducting VHC most widely
referenced in pMDI monographs, the AeroChamber Plus™ (AC+) VHC. Materials & Methods: The “reference” AC +
VHC was prepared by soaking in detergent solution. The four test aVHCs (AeroChamber Plus™ Flow-Vu™ [AC + FV];
Compact Space Chamber Plus [CSC+]; InspiraChamber [IC]; OptiChamber Diamond™ [OCD]) were tested “out-of-
packet”. Twenty devices of each type were evaluated. A salbutamol pMDI was actuated into each VHC with a 2-s
delay between actuation and Andersen Cascade Impactor (ACI) sampling. Drug deposition in four ACI particle size
groups was assessed: Group 1, >5.8-10 ym; Group 2, >3.3-5.8 pm; Group 3, >1.1-3.3 um; Group 4, <1.1 ym. Equivalence
versus the reference VHC was demonstrated where the 90% confidence interval for the test/reference mass ratio
was within 85-118%. Results: The mass retained within the VHC was similar for the AC + VHC and AC + FV aVHC, but
was approximately twice as great for the other aVHCs. Salbutamol deposition in all ACI groups with the AC + FV
aVHC was equivalent to the reference AC + VHC. By contrast, deposition in ACI groups 1to 3 with the CSC+, IC and
OCD aVHCs was inequivalent to (approximately half that of) the reference VHC. Inter-device variability for each VHC
type was greatest for the IC and least for the AC + VHC and AC + FV aVHC. Conclusions: The performance of VHCs
that superficially resemble one another may differ markedly. Thus, as implied by EMA guidelines, VHCs should not
automatically be considered to be interchangeable.

A REVIEW OF THE IN VITRO AND /N VIVO VALVED HOLDING CHAMBER (VHC) LITERATURE WITH A FOCUS ON THE

AEROCHAMBER PLUS FLOW-VU ANTI-STATIC VHC.

Dissanayake S, Suggett J. Ther Adv Respir Dis. 2018, Vol. 12: 1-14
Valved holding chambers (VHCs) reduce the need for inhalation-actuation coordination with pressurized metered
doseinhalers (pMDls), reduce oropharyngeal drug deposition and may improve lung deposition and clinical outcomes
compared to pMDIs used alone. While VHCs are thus widely advocated for use in vulnerable patient groups within
clinical and regulatory guidelines, there is less consensus as to whether the performance differences between
different VHCs have clinical implications. This review evaluates the VHC literature, in particular the data pertaining
to large- versus small-volume chambers, aerosol performance with a VHC adjunct versus a pMDI alone, charge
dissipative/conducting versus non-conducting VHCs, and facemasks, to ascertain whether potentially meaningful
differences between VHCs exist. Inconsistencies in the literature are examined and explained, and relationships
between in vitro and in vivo data are discussed. A particular focus of this review is the AeroChamber Plus® Flow-Vu®
Anti-static VHC, the most recent iteration of the AeroChamber VHC family.

NEW EQUIVALENCE EVALUATION OF VALVED HOLDING CHAMBERS (VHCS) WITH ALBUTEROL PRESSURIZED

METERED DOSE INHALER (PMDI).

Nagel M, Suggett J, Kushnarev V, Mclvor RA. CSACI Annual Scientific Meeting, October 2017.
Background: VHCs are medical devices that are recommended by Asthma and COPD guidelines to be used with
pMDI as a delivery system. VHCs improve medication delivery and reduce oropharyngeal deposition of medication;
this is reflected in the fine particles mass (FPM, 1.1-4.7um) that reaches the airways of the lungs. The significant role
of the VHC in drug delivery was acknowledged by the European Medicines Agency (EMA) in their recommendation
that pMDI manufacturers should nominate at least 1 named VHC during clinical safety and efficacy studies. It also
recommends if a VHC is to be substituted by an alternative VHC, that appropriate in vitro methods be employed to
demonstrate equivalence. Methods: Particle size measurements from the Inspirachamber, Optichamber Diamond*,
Space Chambert, Vortext and Life Brand VHCs (test devices) were compared to the AeroChamber Plus® Flow-
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Vu® Antistatic VHC (reference device) and made with an Andersen 8-stage cascade impactor operated at 28.3 L/
min with Ventolin®-HFA pMDIs. The EMA guideline requires comparisons to be performed by justified groupings of
stages and recommends at least 4 groups based on physiological relevance. Since a traditional t-test is inappropriate
to demonstrate true equivalence a two one-sided test (TOST) was used. Results: The values for each of the 5
test devices at each of the 4 particle size groupings were outside acceptance criteria for equivalence, thus clearly
demonstrating non-equivalence to the reference device. Conclusions: The drug delivery performance from
AeroChamber Plus® Flow-Vu® AVHC was significantly different to all test VHCs, none of which passed a test for
equivalence. Interchanging of such VHCs with the reference VHC may therefore result in safety and/or efficacy
implications unless otherwise proven via in vivo studies.

EQUIVALENCE EVALUATION OF VALVED HOLDING CHAMBERS (VHCS) WITH ALBUTEROL PRESSURIZED METERED

DOSE INHALER (PMDI).

Nagel M, Suggett J. Respiratory Drug Delivery Europe 2017.
Introduction: In 2009, the significant role of the VHC in drug delivery was acknowledged when the European
Medicines Agency (EMA) recommended that development of a pMDI should include the testing of at least one
named VHC. It was also recommended that if a VHC was to be substituted by an alternative VHC, appropriate
pharmacopeial in vitro methods must be presented that take into account clinically relevant factors such as time
delays between pMDI actuation and sampling. If these experiments could not demonstrate equivalence, then a
determination of equivalency via clinical development would be required. This article presents an experimental
demonstration of an equivalency evaluation between several commercially available VHCs. Materials and Methods:
The following VHCs, each with mouthpiece as patient interface (n=20 devices/group) were evaluated: AeroChamber
Plus® VHC (Trudell Medical International) (REFERENCE); AeroChamber Plus® Flow-Vu® Anti-static VHC (Trudell
Medical International); OptiChamber Diamond?® Anti-Static VHC (Philips Respironics Inc.); InspiraChambert Anti-
Static VHC (Lupin Pharmaceuticals, Inc.); Compact Space Chamber Plust Anti-Static VHC (Medical Developments).
Discussion and Conclusion: This /in vitro equivalence study was performed using a recognized analytical test
methodology and an appropriate statistical test for equivalence, as opposed to incorrectly testing a hypothesis of
difference/no difference or making non-statistically-based subjective judgments. When using the AeroChamber
Plus® as the REFERENCE VHC, results showed that only one TEST VHC, the AeroChamber Plus® FV, was statistically
equivalent to it. All other test VHCs did not meet the acceptance criteria in any of the four defined groupings. This
finding may not be so surprising, given that the two equivalent chambers are of the same size and design, other than
anti-static properties out of package. However, it does highlight the impact of differences in VHC design (size, shape,
valves, etc.) upon drug delivery, and therefore the potential risk of interchanging VHCs without understanding the
impact of doing so.

EQUIVALENT ASTHMA CONTROL WHEN INFANTS WITH ASTHMA USE TWO DIFFERENT VERSIONS OF THE

AEROCHAMBER PLUS® SPACER

Chrystyn H, Ammari WG, Chetcuti P, Toor S. Am J Respir Crit Care Med 2013: 187;A4574.
The AeroChamber Plus® Spacer (Trudell Medical International, Canada) [AC] has recently been adapted to include
a visual indicator that confirms the inhalation phase during use (AeroChamber Plus® Flow-Vu®; Trudell Medical
International, Canada) [FV]. Movement of the indicator also confirms the required seal between the mask and the
user’s face. The asthma control of infants with asthma, aged <5 years, during routine use of these spacers has
been compared and patient preference has been obtained. Ethical approval was obtained and all infants and their
parents gave signed informed consent. All infants entered a 2 week run-in period using the AC. At visit 2 they were
randomized to the AC or FV for the 12 week duration of this study. They returned after 6 and 12 weeks (visits 3 and
4). All infants were trained to use a gentle tidal breathing routine with their spacer. At each visit their asthma quality
of life CACQ); Juniper et al, Eur Respir J, 1996) was obtained by questioning each parent and their inhalation flow (IFR)
was measured using the IN-Check Dial (Clement Clark International, UK). At visit 4 each FV parent was asked to rate
their preference for the FV using a 5 point Likert scale (5=much better to I=much worse). The FV was demonstrated
to all AC parents and they were then asked the same preference rating. At visit 1the mean (SD) age of the AC (n=38)
and FV (n=38) infants was 3.3 (1.1) and 2.8 (0.9) years, respectively. A summary of the ACQ and IFR is presented in
Table 1.
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Table 1. Mean (SD) ACQ and IFR data

ACQ IFR (L/min)
Visit AC FV AC FV
1 1.83 (0.88) 1.85 (0.97) 40.1(16.4) 39.1 (11.0)
2 1.56 (0.91) 1.81 (0.87) 40.6 (14.8) 37.5 (11.6)
3 1.77 (1.16) 1.54 (1.07) 411 (15.7) 38.8 (10.8)
4 1.29 (0.90) 1.62 (0.92) 40.1 (16.0) 28.9 (10.8)

Two-way analysis of variance revealed no difference in the ACQ or the IFR between the visits and the two groups.
Patient preference is shown in Table 2.

Table 2. Parent preference for FV (5 = much better, 1 = much worse)
Likert Scale Rating

5 4 3 2 1
FV 21 11 6 0 0
AC 24 10 4 0 0

There was no difference in asthma control and IFR between the two groups suggesting that the Flow-Vu® did not
affect drug delivery, therefore demonstrating clinical equivalency. Overall the IFR values were the required slow
flows suggesting that the infants and their parents had retained the clinic training about the use of the spacer. This
reflects the lack of any difference in asthma control between the two groups. Despite correct use of the AC in this
group all parents preferred FV because it provides them with the reassurance that the correct inhalation procedure
is performed and that their child has received their inhaled medication.

FLO-VU® INDICATOR IN VALVED HOLDING CHAMBER FOR PEDIATRIC ASTHMA.

Baig M, Smith D, Kasmani S, Lichenstein R. American Academy of Pediatrics National Conference. Oct 26-29, 20]13.

Orlando, FL.
Purpose: We sought to determine parent preferences and patient outcomes to chronic pediatric asthmatics
using either valved holding chamber (VHC): Aerochamber Plus® ~ (AC) or AC with Flow Vu® " indicator (ACF)
regarding preference and outcomes of Emergency Department (ED) visits and hospitalizations. Methods: This is a
pilot prospective randomized controlled trial of chronic pediatric asthmatics on inhaled corticosteroids that were
assigned and educated on AC or ACF. Parents were instructed by nurses and interviewed by research assistants
blinded on device assignment. Parents were contacted at day 3-5, 30 and 90 and were questioned on preference
using a modification of the Patient Satisfaction and Preference Questionnaire (PASPQ) using the domains of overall
performance and satisfaction, the Asthma Control Test (ACT) at 30, 60, and 90 days and an overall open ended
question of preference ranked from 0-100. ED visits and hospitalizations were also reviewed during the study period.
The ACF was compared to the AC at day O and day 90 for ACT score, preference score and PASPQ score using
student’s t test (two tailed, unpaired). The day O to day 90 scores (for PASPQ and ACT) were compared within the
ACF and AC groups using student’s t test (two tailed, paired). ACT scores were adjusted to a % that just took into
account the patient’s age. Demographics of the AC and ACF groups were compared using students t test. Results:
There were 48 patients who were assigned to ACF and 38 to AC. The mean age overall was 6.8 years, 61% of the
study population was male, and there were no differences between age, sex race, ED visits and hospitalizations in the
2 groups. Both the ACF and AC group had PASPQ scores that improved significantly over the course of the study.
There was no difference between spacer type PASPQ scores at either time point. Both the ACF and AC group had
preference scores that were significantly higher over time. The ACF spacer had a higher preference score than the
AC spacer. Both the ACF and AC group had asthma control scores that improved significantly over time. At day O,
the ACF group had worse control than the AC group. This difference was gone by day 90. Conclusion: VHCs are
important adjuncts in pediatric asthma therapy that are well accepted. Both types of VHC were associated with
good asthma control over time. A visual indicator for inhalation was associated with improved patient satisfaction,
which may have implications for compliance.
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DEVELOPING A “UNIVERSAL” VALVED HOLDING CHAMBER (VHC) PLATFORM WITH ADDED PATIENT BENEFITS
WHILST MAINTAINING CONSISTENT /N VITRO PERFORMANCE.
Mitchell JP, Nagel MW, MacKay HA, Avvakoumova VA, Malpass J. Respiratory Drug Delivery-Europe 2009, Eds., R.N.
Dalby, P.R. Byron, J. Peart, J.D. Suman and P.M. Young, Davis Healthcare International Publishing LLC, River Grove,

llinois, USA: 2009, 383-386.

Introduction: Crompton et al. recently observed that inhalers which provide reassurance to patients and their health
care providers that inhalation is performed correctly should help improve patient compliance and control (1). As a
result of such concerns, more attention is being been paid the incorporation of attributes into inhalers that assist the
user in achieving both optimum compliance and consistent medication delivery (2,3). A progression of such changes
with the AeroChamber Plus® (AC-Plus) VHC with mouthpiece (Trudell Medical International, London, Canada), has
resulted in three variants being available depending on market needs and the local regulatory environment. These
are: 1. the non-conducting AC-Plus, 2. the non-conducting AC-Plus with Flow-Vu® Inspiratory Flow Indicator (IFI) 3.
the anti-static (charge dissipative) AC-Plus with IFIl. The present study was undertaken to provide users with indicative
in vitro performance data based on 8 different hydrofluoroalkane-based formulations that are currently available and
which may be prescribed for use with these VHCs. Materials and Methods: All measurements (n=5 VHCs/group)
were made using an Andersen 8-stage cascade impactor equipped with USP/Ph.Eur. induction port and operated
at 28.3 L/min * 5%. The non-conducting variants were pre-treated in accordance with manufacturer instructions,
thus ensuring that electrostatic charge was not a confounding factor. The anti-static VHCs were evaluated out-of-
package, also to instructions. Measurements were made with no delay between pMDI actuation and the onset of
sampling, and repeated with new devices, introducing a 2-s delay by means of a proprietary apparatus (4). The latter
condition simulated use by an uncoordinated patient (5) in accordance with the Canadian standard for spacers and
VHCs (6). The formulations evaluated are listed in Table 1. Recovery and assay for collected APl was in each case
undertaken by validated HPLC-UV spectrophotometric or fluorescence-based techniques.

Trade Name,

Active Pharmaceutical

Label claim mass/

manufacturer Ingredient (API) actuation ex
metering valve (ug)

Advair’, (GSK) fluticasone propionate (FP) 50
salmeterol xinafoate (SX) 25

Alvesco’, Nycomed ciclesonide 100

Atrovent’, Boehringer ipratropium bromide 20

Ingelheim

Clenil’, Trinity Chiesi beclomethasone dipropionate | 100

Flovent HFA', GSK fluticasone propionate 125

Qvar’, TEVA beclomethasone dipropionate | 100

Symbicort’, AstraZeneca budesonide (BUD) 80
formoterol fumarate (FF) 4.5

Ventolin HFA'", GSK salbutamol (base equivalent) 100

Results: Values of total emitted mass/actuation (TEM) and fine particle mass < 4.7 ym aerodynamic diameter/
actuation (FPD<4.7um), are summarized in Tables 2 and 3 respectively. FPD<4.7um was selected as the metric most
appropriate to define the portion of TEM likely to deposit beyond the oropharynx. Equivalent values determined in
parallel experiments for the pMDI alone (no delay) are provided as benchmark data. The addition of any of the VHC
variants resulted in a large reduction in TEM compared with the pMDI alone, as the result of the removal of most of
the coarse fraction. The three AC-Plus VHC variants provided substantially equivalent values of TEM and FPM<4.7um
at each delay condition. This outcome was anticipated as the IFI| is an external visual feedback aid and does not
interfere with the aerosol pathway within the VHC. FPM<4.7um value(s) ex VHC with 2-s delay were within £25% of
the equivalent benchmark data from the pMDI alone.
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Total emitted mass / actuation (mean * SD) for pMDI with and without AC-PLUS VHC variants

Non conducting

Non conducting AeroChamber Plus® Anti-Static AeroChamber
PMDI AeroChamber Plus® VHC with Flow-Vu® Plus® VHC with Flow-Vu®
alone VHC Indicator Indicator
Delay (s) (0] (0] 2 (0] 2 (0] 2

Advair (FP) 36.0+19 | 296 £1.6 217 +2.3 257 +19 |19.2+23 266 *+14 19.2 £1.2
Advair (SX) 17.9 1.4 15.3 £ 0.9 120 £ 11 13.9+0.7 |10.2+0.9 15.0 £1.0 10.4 + 0.6

Alvesco 68.2+26(682+27 |566*26 64.9+31 |50.3+30 68.3+1.8 51.5 + 3.9

Atrovent 158+ 0.7 |10.7 £ 0.2 82+0.8 10.7+0.7 |83+0.5 9.3+0.3 81+0.4

Clenil 940 +17 [|535+34 |402+26 |544+16 |420+£15 546 +18 391+ 31

Flovent HFA | 107.4 + 723 +£27 51.5 %15 67.0+32 |612+54 68.3 + 3.1 41.0 1.8
3.4

Qvar 780+31|694+48 |445+68 |73.6+32 |522+38 654 +45 (44445

Symbicort 788 14 | 616+29 53.4+25 622 +31 |520+%19 61.3+2.7 485 %13
(BUD)

Symbicort 40+01 |35+£0.2 3.0+0.2 3.3+0.1 2.8 0.1 3.6+0.3 2.8+ 0.1
(FF)

Ventolin HFA | 76.8 £1.8 | 53.6 £+ 5.0 |38.8+ 2] 46.8+4.0 | 326 +23 552+ 38 35.3+39

FPM<4.7um (mean * SD) for pMDI with and without AC-PLUS VHC variants

Non conducting Non conducting Anti-Static

pMDI AeroChamber Plus® AeroChamber Plus® VHC | AeroChamber Plus® VHC

alone VHC with Flow-Vu® Indicator | with Flow-Vu® Indicator
Delay (s) (e} 0 2 (0} 2 (0} 2
Advair (FP) 174 +21 |266+14 20.4+18 23.0+1.9 182 +23 237 +1.4 181+1.3
Advair (SX) 8.9 +1.3 13.9+0.9 111+1.0 122 +0.8 9.6 +0.9 13.7 £ 1.0 99+0.6
Alvesco 42.4 + 681+ 2.8 565+ 26 64.5 + 3.1 50.3+3.0 |682+18 51.5+ 3.9

3.8
Atrovent 67+04 |10.0+£0.2 |[81+0.8 9.8+0.8 82+0.5 9.2+0.3 8004
Clenil 309+16 |450+23 |[33.2+10 461 +17 354+0.7 |450+19 337 +1.6
Flovent HFA | 46.2+21 |64.6+3.0 [473+15 599+25 56.9+49 |621+3.8 38.8+17
Qvar 419+22 |672+58 444 +69 |716+35 52.0+3.7 |631+6.0 444 + 45
Symbicort 432+18 |48.6+22 |420+24 |482+29 39.9 +11 50.6 +2.3 411+ 0.9
(BUD)
Symbicort 27+0.2 31+0.2 26+0.2 3.0+01 25+01 32+0.2 25+0.1
(FF
Ventolin HFA | 34.8+14 | 48646 |36.3+18 423+34 |309+29 |495+30 332+33

Conclusions: Two recent improvements made to the AC-Plus VHC to mitigate electrostatic charge and provide visual
feedback to users have not affected in vitro performance compared with the original device. These devices also
provide comparable delivery of fine particles to the pMDI alone in the likelihood that the user delays inhalation after
actuating their inhaler.
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Importance of Flow-Vu® Inhalation Indicator

The Flow-Vu® Inhalation Indicator is a valuable feedback tool

Parents stated that with the Flow-Vu® Inhalation Indicator they could tell that their children were actually taking their
puff. The novel Flow-Vu® Indicator provided visual feedback to the parents, reassuring them of sufficient therapy
inhaled by their infants. Moreover, the indicator’s movement enabled the parents to count the number of breaths
taken by their children as per their healthcare providers’ recommendation. The visual drug delivery reassurance,
might justify the significant improvement in the quality of life of the parents. (Ammari et al. Evaluation of asthma
control, parents’ quality of life and preference between AeroChamber Plus® and AeroChamber Plus® Flow-Vu spacers
in young children with asthma. Journal of Asthma October 2014)

A visual indicator for inhalation was associated with improved patient satisfaction, which may have implications for
compliance. (Baig M et al. Flow-Vu Indicator in Valved Holding Chamber for Pediatric Asthma. American Academy
of Pediatrics Conference 2013)

The Flow-Vu® Indicator prevents the potential for large losses of medication due to facemask-to-face leakage, by
guiding the caregiver or patient to seat the facemask on the face correctly - and at the same time, it indicates the
optimum timing for inhaler actuation. (Michell JP et al. Letter to the Editors. Improving the odds that patients and
caregivers will use inhalers correctly: a manufacturer’s response. Prim Care Respir J 2011; 20(2):219-220)

A number of researchers highlight the importance of a feedback mechanism on aerosol delivery devices.

Practical technology for patients to self-assess technique would be of value (e.g. a feedback mechanism built into the
inhaler device to confirm correct inhalation). (Papi A et al. Inhaler devices for asthma. a call for action in a neglected
field. Eur Respir J 2011;37:982-985)

It is important that feedback be provided to the patient or caregiver to confirm they are operating each device
correctly. Steps critical to successful drug delivery should be a particular focus, such as ensuring a facemask seal
to the face during use of a pMDI-valved holding chamber. (Mitchell JP et al. Developing Patient-Friendly Devices for
Inhalation Therapy. Respiratory Drug Delivery Europe 2011:463-467)

Providing devices that are quick and easy to use effectively is a basic requirement for future devices, while some
form of feedback does appear to have an impact on both regimen compliance and device delivery. (Everard ML.
Playing the Game: Designing Inhalers for Pediatric Use. Respiratory Drug Delivery Europe 2007: 71-78)

Devices which provide reassurance to patients and their physicians that inhalation is performed correctly should help
to improve patient compliance and asthma control. (Crompton GK et al. The need to improve inhalation technique
in Europe: A report from the Aerosol Drug Management Improvement Team. Respiratory Medicine 2006;100:1479-
1494)

Devices should be easy to use and incorporate multiple feedback mechanisms which reassure the patient that
medication has been delivered. (Barnes P et al. Asthma Management: important issues. European Respiratory Review
2005;14,(97)147-151

EVALUATION OF ASTHMA CONTROL, PARENTS’ QUALITY OF LIFE AND PREFERENCE BETWEEN AEROCHAMBER

PLUS® AND AEROCHAMBER PLUS® FLOW-VU® SPACERS IN YOUNG CHILDREN WITH ASTHMA.

Ammari WG, Toor S, Chetcuti P, Stephenson J, Chrystyn H. Journal of Asthma Vol 52,3,2015.
Objective: The AeroChamber Plus® (AC) valved holding chamber has been enhanced to include the Flow-Vu (FV)
inspiratory flow indicator that provides visual inhalation feedback during use. We have investigated if FV alters
asthma control and whether parents accept it. Methods: At visit 1, children with asthma, age 1-5 years, used an
AC with their pressurized metered dose inhaler and 2 weeks later (visit 2) they were randomized to use either AC
or FV. Subjects returned 6 (visit 3) and 12 (visit 4) weeks later. The Asthma Control (ACQ) and Pediatric Asthma
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Caregiver’s Quality of Life (PACQLQ) questionnaires were scored at each visit, and their peak inhalation flow (PIF)
when they used their spacer was measured. Results: Forty participants in each group completed the study. There
was no difference in the ACQ scores from visits 2 to 4 between the two groups. The improvements in the PACQLQ
scores were greater in the FV group (p=0.029). The mean difference (95% confidence interval) for the change from
visits 2 to 4 between FV and AC groups was 0.05 (-0.33, 0.43) and 0.39 (0.035, 0.737) for the ACQ and PACQLQ,
respectively. Most parents preferred the FV (p<0.001). There was no difference in the PIF rates at each visit and
between the two spacers. Conclusions: There was no change in asthma control of the young children but that of
their parents improved. Parents preferred the FV and this could be related to their improved perception of their
children’s asthma control by better PACQLQ scores.

FLOW-VU® INDICATOR IN VALVED HOLDING CHAMBER FOR PEDIATRIC ASTHMA.

Baig M, Smith D, Kasmani S, Lichenstein R. American Academy of Pediatrics National Conference. Oct 26-29, 20]13.

Orlando, FL.
Purpose: We sought to determine parent preferences and patient outcomes to chronic pediatric asthmatics using
either valved holding chamber (VHC): AeroChamber Plus® (AC) or AC with Flow Vu® indicator (ACF) regarding
preference and outcomes of Emergency Department (ED) visits and hospitalizations. Methods: This is a pilot
prospective randomized controlled trial of chronic pediatric asthmatics on inhaled corticosteroids that were
assigned and educated on AC or ACF. Parents were instructed by nurses and interviewed by research assistants
blinded on device assignment. Parents were contacted at day 3-5, 30 and 90 and were questioned on preference
using a modification of the Patient Satisfaction and Preference Questionnaire (PASPQ) using the domains of overall
performance and satisfaction, the Asthma Control Test (ACT) at 30, 60, and 90 days and an overall open ended
guestion of preference ranked from 0-100. ED visits and hospitalizations were also reviewed during the study period.
The ACF was compared to the AC at day O and day 90 for ACT score, preference score and PASPQ score using
student’s t test (two tailed, unpaired). The day O to day 90 scores (for PASPQ and ACT) were compared within the
ACF and AC groups using student’s t test (two tailed, paired). ACT scores were adjusted to a % that just took into
account the patient’s age. Demographics of the AC and ACF groups were compared using students t test. Results:
There were 48 patients who were assigned to ACF and 38 to AC. The mean age overall was 6.8 years, 61% of the
study population was male, and there were no differences between age, sex race, ED visits and hospitalizations in the
2 groups. Both the ACF and AC group had PASPQ scores that improved significantly over the course of the study.
There was no difference between spacer type PASPQ scores at either time point. Both the ACF and AC group had
preference scores that were significantly higher over time. The ACF spacer had a higher preference score than the
AC spacer. Both the ACF and AC group had asthma control scores that improved significantly over time. At day O,
the ACF group had worse control than the AC group. This difference was gone by day 90. Conclusion: VHCs are
important adjuncts in pediatric asthma therapy that are well accepted. Both types of VHC were associated with
good asthma control over time. A visual indicator for inhalation was associated with improved patient satisfaction,
which may have implications for compliance.

IMPORTANCE OF PATIENT-FRIENDLY FEATURES TO ADDRESS LACK OF INHALER COMPLIANCE: A LABORATORY

EVALUATION OF AN INSPIRATORY FLOW INDICATOR AS A FEEDBACK AID FOR A VALVED HOLDING CHAMBER.

Mitchell J, Nagel M, Malpass J. Journal of Aerosol Medicine and Pulmonary Drug Delivery 2011, 24(3):46(P-075).
Purpose: Poor inhaler compliance is recognized as needing to be addressed. The Flow-Vu® Inspiratory Flow Indicator
(IF1) is a feedback aid for those using the AeroChamber Plus® Flow-Vu® Anti-Static VHC (Trudell Medical Inc., London,
Ontario). Regulators require that the modification does not affect delivery of the therapeutically beneficial fine
particle dose < 4.7 um diameter from the inhaler. Methods: Measurements (n=5 VHCs/group) of fine particle mass
for salbutamol (100 pg/actuation) were made using an Andersen 8-stage impactor equipped with Ph.Eur. induction
port and operated at 28.3 L/min. Data were obtained for the pMDI alone and for the pMDI +VHC (2-second delay),
simulating poor coordination. The movement of the IFI monitored airflow through the VHC and a proper seal of the
mouthpiece in the apparatus. The VHCs were tested out-of package in accordance with instructions. Recovery and
assay for salbutamol was undertaken by HPLC-UV spectrophotometry. Results: Fine particle mass/actuation (FPM,)
for pMDI alone (mean+SD) was 34.8 + 1.4 ug, compared with 33.2 + 3.3 ug/actuation for the pMDI +VHC group. The
IFI moved from the inhalation valve closed to open position immediately upon initiation of sampling. Conclusions:
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The IFI provided feedback on the delivery of this widely prescribed ’rescue’ medication and did not interfere with
the new VHC, delivering substantially comparable FPM,_to that from the pMDI alone. It should therefore aid patient
compliance.

COMPARISON OF THE AEROCHAMBER PLUS® PLUS SPACER TO THE AEROCHAMBER PLUS® WITH FLOW-VU®

SPACER IN CHILDREN WITH ASTHMA AGED < 5 YEARS.

Chrystyn H, Ammari W, Chetcuti P, Lee T. Proc. 20" ERS Annual Congress, Barcelona, Spain, in Eur Respir J

2070,36554:P2024.
The AeroChamber Plus® with Flow-Vu® (FV) is a new version of the AeroChamber Plus® Spacer (AC). The only
difference is that FV has a caregiver feedback mechanism that provides a visual indicator whose movement confirms
correct inhalation technigue and a secure seal between the facemask and the face. The latter is a critical factor in
aerosol drug delivery to infants and children (Amirav et al., 2008). After a run-in period of 2 weeks children <5 years
with uncontrolled or partially controlled asthma (GINA Guidelines) were randomized to receive their medication
using either AC (n=9) or FV (n=10). Ethical approval was obtained and all children and their parents gave signed
consent. Each parent completed the first 6 questions of the asthma control questionnaire (Juniper et al., 1999) on
behalf of their child and the Pediatric Asthma Caregiver’s Quality of Life Questionnaire (Juniper et al., 1996) at O, 6
and 12 weeks. The use of either AC or FV, with proper training, resulted in good asthma control. At the end of the
study the FV group parents were asked to rank their preference compared to the AC whilst the FV was demonstrated
to the AC group and the parents were asked about the 2 spacers. There was a clear preference among both groups
for the FV device.

FV Preference

Group Much Better Better No Difference Worse Much Worse
FV 5 3 2 0] 0
AC 6 2 2 0] 0]

The FV and AC provide similar asthma control but the Flow-Vu® feature was preferred by parents. Devices which
provide reassurance to patients and their physicians that inhalation is performed correctly should help to improve
patient compliance and asthma control (Crompton et al.,, 2006).

A VISUAL INDICATOR FOR INHALATION FROM A VALVED HOLDING CHAMBER IS AN AID IN DELIVERY OF

INHALED MEDICATION TO INFANTS AND SMALL CHILDREN VIA FACEMASK.

Mitchell JP, Doyle C, Ali R, Avvakoumova V, Nagel M, Sharpe R. Eur Respir J 2009,34(S53)P2044.
Delivery of inhaled medication to infants/small children by VHC-facemask can be difficult to verify. An external visual
aid (Flow-Vu®) is available with the AeroChamber Plus® (Trudell Medical International) VHCs as an inspiratory flow
indicator (IFI) to aid compliance with instructions for use. We report an in vitro study i