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Abstract
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Inhaled administration is the mainstay of asthma and chronic obstructive pulmonary
disease (COPD) management using either a pressurised meterathdtese(pMDI) or

a dry powder inhaler (DPIRoor disease control and increased hospitalisations is linked
to poor inhaler technique. Previous studies to assess inhaler technique have used
subjective measures and there is very limited data about thatiohatharacteristics

used by patients when they use their inhalers.

Inhalation flow profiles when patients use their pMDI and inhalation pressure profiles
when they use DPIs have been measured using 659 subjects (106 children with asthma
[CHILD], 361 aduts with asthma [ADULT], 142 COPD [COPD] and 50 healthy
volunteers [HEALTHY]) in 5 separate studies. All patient studies used tbai life
inhaler techniqueOne of the studies also evaluated the value of using a pMDI co
ordination aid and training thegatients to prolong their inhalation whilst a different
one investigated the impact of using enhanced training when using a DPI.

The first study, 20 CHILD57 ADULT and 32COPDsubjects revealed thathe mean

(SD) inhalation flows through a pMDI wet8.9(40.4), 1460 (58.8) and 10750.6)

L/min, repedively and only 7, 10 and 10 used a slow flow. In the second pMDI study
involving, 20 CHILD, 130 ADULTS, 31COPD patients their flows were 70.%36.4),
131.4(60.8) and 70.928.1) L/min and 5, 53 andl0 used their pMDI with good €o
ordination. However only 3, 6 and 9 patients had goedrdmation and slow flow. In

the third study, 71 ADULTpatients the mean (SD) pMDI inhalation flow was 155.6
(61.5) L/min which decrease@<0.001) to 112.348.4) when the pMDI was fitted with

a coordination aid. This was due to the increased resistance to airflow from the aid.
Inhalation flow further reducedp€0.001) to 73.934.9) L/min when patients were
trained to prolong their inhalations. Their inhaled volsniéd not change whereas
mean (SD) inhalation times were 1.6021), 1.92(0.80) and 2.6§1.03) seconds f{<

0.001) respectively. There was a good correlation between their inhaled volume and
forced vital capacity with a ratio of 0.7 suggesting that eteept used a full inhalation.

A DPI study, involving 16 CHILD, 53 ADULT and 29 COPDpatients measured
inhalation characteristics through different DPIs (low to high resistance) when patients
used their real life DPI inhalation manoeuvres. The inhalatio&racteristics were
lower in CHILD and highest in ADULT. Overall flows were higher when using low
resistance DPIs but the pressure changes and the acceleration of the inhalation flow
were significantly higher with high resistance DPIs which suggest niticeelrt de
aggregation of the formulation. There was a tendency for more problems with low
resistance DPIs than high resistance DPIs. The last study involved CHILD, ADULT,
COPD and HEALTHYsubjectq50 of each) when they inhaled through a Spiromax and

a Turbuhaler (similar resistance) after standard verbal inhalation technique training and
when using enhmed training with an INCheck Dal. The orde of inhalation
characteristicsvas HEALTHY > ADULT > COPD > CHILD. Significant £<0.001)
improvements in the inhalation flows, pressure changes and acceleration of the flow
were achieved in all groups after the enhanced training.

The studies provide an insight into the inhalation characteristics of patients when they
use different inhiars. The main problem with pMDI use was short inhalation times and
when patients were trained to prolong theinalation thenflows reduced. Enhanced
training when using a DPI significantly improved the technique of all patients.
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1.0Introduction

Respiratory disorders are steadily increasing in prevalence, and impose a significant
economic burden all over the world. Asthma and chronic obstructive pulmonary
disease (COPD) are obstructive lung diseases andwareof the mostcommon
healthcare burdenworldwide According to mortality statistics COPD is the fifth
leading cause of death and the latest WHO estinmatespredictedit to becomethe

third leading cause of death by the yef120 (Stockley et al.,2006. On the
international scalehe prevalence of asthma is between one percent and 18 percent
of the population in different countries according to the Global Initiative for the
Asthma Management (GINA, 2008)port There are approximately 3 deatber day

in the UK thatare attributed to asthma and these are mostly in children and young
adults ad most of these are preventable.

The inhaled route of administration is the optimal method of drug delivery for the
treatment of patients with obstructiagrway diseasegPauwels et al., 1997 The

most important advantage of inhaled therapy is dinags are delivered directhynto

the sites of action producing higher local concentrations for better efficacy and with
significantly less systemic exposurencea reduced ofisk of side effect§Toogood,

1989 Lipworth, 1999 Broeders et al., 2009The therapeutic drugs used in the
treatment of sthma and COPDmostly bronchodilators and corticosteroid anti
inflammatory agents therefore have been formulated as inhaled aerosols
Consequently, a wide array of inhalation devices have been introduced to the market
and have become the prime methods doug administration in the treatment of
patients with obstructive pulmonary diseagem Beerendonk et al., 1998

The pressurised metered dose inhaler (pMDI) is presently the most commonly used

inhaler. Alternatively, drugs can be administratechloyry powder inhale(DPI) ora
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nebuliser Nebulisation is not routinely used and usually reserved for administering
large doses especially during acute exacerbations, antibiotics or drugs that are
difficult to formulate in a pMDI or DPI. Each class of inhaler deviceitgpros as

well as cons. Despitéhe pressurised metered dose inhaler (pMiding widely
prescribed, man patients do not obtaithe full therapeutic benefibecausetheir
inhalation techniqueis poor (Paterson and Crompton, 1976rompton, 1982h
Pedersen et al., 198Barsen et al., 1994 enney et al., 2000 Thusthe benefitof
inhaled therapyare accmpanied by the drawbacks, particlyathe challenges
patients face when using their inhaler devicesAlthough inhaled therapy has
revolutionised the management of patgentith obstructive lung diseask,is well
known that the inhalation technique used with pMDIs can substantially influence the
clinical response to inhaled medications.

Several studies have highlightathaler techniqueproblens; 14% b 89% of the
patients using theirMDI have either madet deast one technique error or completely
misused their inhalgfPaterson and Crompton, 197#pstein et al., 1979 arsen et

al., 1993. Frequent misuse of inhaler devices has been dected for patients
prescribedpMDIs as well as those using dry powder inhal@r®rd et al., 1995
Cochrane et al., 200Molimard et al., 2003Molimard and Le Gros, 200&iraud et

al., 201). Despite the availability of effacious therapies, asthma control is often
poor (Chapman et al., 200&iraud et al., 2001and the improper use of inhaler
devices is onenajor causeof poordiseasecontrol (Crompton, 2006Molimard and

Le Gros, 2008Virchow et al., 2008 It has been suggested that approximately 50%
of patients do not obtain sufficient benefit from their inhalers because oinpader
technique(Crompton and Duncan, 1983 correct inhaler technique by the patient

is crucial for the success of the thergpiorsley and Bailie, 1988Larsen et al.,
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1994 Virchow et al., 2008 It has been acknowledged that the most commonly
encounteredpMDI technique problems by patients are; poor coordination of
inhalation with inhaler actuatiosfoppingto inhale shortly after activating tipDI

and inspiration through theose(Crompton, 1982b It has alsdoeendemonstrated

that many patients fail to inhale slowly and deeply through their MDI to achieve the
desirable flow rate of < 90 I/min for sufficient lung depositi@i-Showair ¢ al.,
20073. Only 8% of patierd usea slow inhalation with good eordination (Al-
Showair et al., 2007aStudies have shown that poor inhaler technique is linked to
poor disease control (Giraud & Roche, 2002) and increased hospitali@dttemi

et al., 2011

Frequent inhaler training technique and proper inhaler handling are recommended
particularly byasthma management guidelinesdthat inhaler techniqushouldbe
checked regularly during followp (Newman et al., 198Broeders et al., 200Ra
However, the provision of inhaler tedhgoe training remains irregular. The majority

of studies suggested that a large proportion of patients do have psalséamy their
inhalers but they arsubjectiveassessmest The studies of thishesis have been
designed to provide objective assessments of inhaler techridgueneasuring
inhalation profils whenthe patients use their inhaleasnd at the same time to
quantify how patients use their inhalers. The studies have been designed to measure
the inhalation ®bw rate, the time between the start of an inhalation and the pressing
of the canister (cordination) and inhaled volume when patients inhale thramgh
empty pMDI. In addition thenhalation profiles of patientsave been used &blve
inhalation technigeproblemsthrough pMDls.

Dry powder inhalers (DPIsyereintroduced to the market to overcome the problems

associated with the use of pMBihd to solve the problems caused by the damage to
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the ozone layer by the propellants in pMkeating and Faulds, 200Ravorini et

al., 2008b. All DPIs are classified as passveHYLFHV EHFDXVH WKH SDWL
reacts with the resistance inside the inhalation channel of a DPI to provide a
turbulent force thatde-aggregates the formulatiolhe drug particles that are
emitted, after the daggregation, have the greateselikood for deposition in the
airways. It is now recognized that inhalers differ in their efficiency of drug delivery
to thelungs depending on the form of the device, its internal resistance, formulation
of the medication, particle size, velocity thfe aerosol cloud and ease with which
patients can use the devi@sgaard et al., 2002

Due to the deaggregation process all DRiarrently available have a flodependent

dose emission property. Different studies have demonstrated that there is a
relationship between the DBIresstance and the inspiratory flows achieved by the
patient through each DPI aralso the amount of the drug emitted and hence
deposited in the lun{Clark and Hollingworth, 1993Pauwels, 1997Al-Showair et

al., 2007aChrystyn, 2009 Generally, patients using DP4dse required to inhale as
hard and deep as they cfam as long as they can atithtthis fast inhalation should
beginto createa sufficient acceleratio rate in order tanaximisede-aggregation of

the emitted dose amdfug delivery to lundChege and Chrystyn, 199Borggrom,

2001, Van der Palen, 2003t is normally accepted that a minimymeak inhalation

flow (PIF) of 30 I/min is required through the inhaler to provide sufficient de
aggregation to create a total emitted dose with fine drug particles able to deposit in
the lung(Chrystyn, 2009 However, not all patients are able to achieve a sufficient
inhalation flow through their device (Ahowair et al., 2007). Therefore, instructing

and training the patients on the correct inhalation techrtmuaprove their inhaler
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useis required(Newman et al., 1980Horsley and Bailie, 1988Broeders et al.,
20033.

OHWKRGV RI1 DVVH VDPL RhalabonStechiqikQavehHhatly subjective
whereaas it is possible to measure thiaihalationflow with respect to tim¢Bisgaard

et al., 1998 Broeders et al., 2003&Lhrystyn and Price, 200RaThese inhalation
profilesthrough a DPivould provide objective data such as the peak inhalation flow,
the time to the peak inhalation flow, the duration of the inhalation, the inhalation
volume and the accekgtion of the inhalation flowThese can be diggmed as simple
methods that can be used in the clinic vitie inhaler that the patient uséssing

this simple methogatientinhalation profiles can be electronically captured using
their untrained technige when they visit the clinic. Hence informatiahout their

real life inhalation techgque can be obtainedThese methods would objectively
highlight the scale of the problem with respect to inhalation technique. Linked to this
methodology, simple and novel solutions to improve inhaler technignebea
indentified andvalidated Since these electronic methods are simahe non
invasive and patients inhale through empty inhalers then it is convenient to measure
inhalation profiles of children with asthma, adults with asthma and patieiti
COPD.

The nhalation profile of patients using their real life inhaler technique can be
captured usig simple electronic methodshe captured inhalation characteristics can
be usedto highlight the problems made by patients and also to idestifyple
methods tamplement during the inhaler technique training of patient.

Thework in this thesis has identified and designed electronic metbgyto capture
inhalation profiles during inhalationuse and demonstratéhe problems facedby

patients(including childrenwith asthmaaduls with asthma and COPDwhen they
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use their inhalers pMDIs and DPIs). Usingthese objective methosl (scale
measurements)the errors made by patients can be identified. From those
measurements simple training methods have been implemiensedve the critical
errors that the profiles have identified. Tvedues of these haveeen evaluated by
measuring further inhalation profiles.

The results drawn from these research studies may have future implicaticthe
improvement onpMDI and DPI development as well as on clinical and
pharmaceutical practice

Following this introduction (Chapter ihere isa literaturereview in Chapter 2. The
review briefly explains the management of asthma and COPD to highlight that
inhaled therapy is the majooute of administration. The chapter descshmrticle
depositim in the lungs and the importanctusing the correct inhalation technique
with each device. It also includes a review of the problem patients have using the
different type of inhalers. Chtgr 3 is a pilot study including children with asthma,
aduls with asthma and COPD patients, when theyths& pMDI, a pMDI attached

to Volumatic andwhen attached tan AeroChamber spacer aatko through an
EasiBreathe. This pilot study was carried tapilot the requirement and value of
using sophisticated electronic methodology to measure inhalation pr@filepter 4
extendsChapter 3 by measuring electronic inhalation prefising sophisticated
methodology. This study looks at pMDI use in cheld with asthma, addltwith
asthma and COPD patients. Measurements inchhe@einhalation time of ce
ordination,peak inhalatiorilow, inhaled volumend duration of inhalation.

Chapter 5also uses the measurement of inhalation profiles in g@uiénts with
asthma. The focusf studyin this chapter is to investigate the value of using a simple

co-ordination aid anch simple instruction to increase inhalation tinfieis intended
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that these will cause theeak inhalation flowto decreasand ttat the ceordination
problems arsolved

Chapter 6 is similar t&Chapter3 except thaDPlIs are used. This study includes
children with asthma, adsltwith asthma and COPD patients when they inhale
through different DPIs. Peakhalation flow (PIF), the maximum pressure change
inside the DPI, time to peakow, the acceleration rate, halation volume and
durationof the inhalatiorare measured.

Chapter 7 concludes the studies. Thlsmpte measureénhalation profiles and hence
the inhalationparametes when children with asthma, adslwith asthma, COPD
patients and healthy volunteers inh#ileougha Spiromax anda Turbuhaler DPI.
This study includesin assessment dfaining subjectsto inhale fastr usingthe In
Check Dial.

The thesis concludes with aummary of the work in chapter 8 and some

recommendatiosifor futurework.

32



Chapter 2:Literature Review
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2.1 Respiratory System

The respiratory system is a complex structure responsible for the dadivexygen

(Oy) to the body and the elimination of carbon dioxide fLO’he respiratory

system, inFigure2.1is a series of branching tubes called bronchi and bronchioles

and this branching in the human lung represents an inverted tree without the leaves.
The airways branch 23 times from the trachea down to the terminal alvigpire

2.1 shows that the respiratory system is divided into temapartmentgHinds,

1999 7KH KHDG UHJLRQ WKDW LV UHIHUUHG WR DV WKH

nose, nasal cavity, mouth, pharynx and larynx.

Figure2.1. Themajor features of the lungs include the bronchi, the bronchioles, and
the alveoli http://www.mcgill.ca/mmimediasampler2002/images/eidelman
12n03.qif

The second compartment, down to branch 16, is known as the conducting airways
and includes the traea, bonchi, and bronchioled’he trachea (windpipe) extends
the larynx diredy into the lower respiratory tract. The trachea or windpipe is about

10-12 cm long and 2 cm in diameter withsBaped cartilages. The entry point to the
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lung, where the trachea brakcHV LQWR WKH PDLQ EURQFKL LV FD
root. Each bronchus divides again forming the bronchial tubes. Branching becomes
more numerous with tiny sedkegmental bronchi and bronchiol@darieb and &
Hoehn, 201D Smooth musclsurrounds théronchi and bronchioles and is inverted

by the autonomic nerve system (autonomic receptor), receiving both cholinergic and
adrenergic stimuli. Sympathetic stimulation leads to a relaxation of smooth muscle in
the wall ofthe bronchioles, and this leads the bronchodilation otthe respiratory
passageways. In contrast parasympathetic activation leads to constriction of the
smooth muscle which leads to a maving of the passage airwayBhus using an
anticholinergic agent blde the constriction thereby féitating a dilation ofthe
airways.

The third compartment, shown iRigure 2.1 from branch 123, represents the
respiratory zone of the lungs where the terminal bronchioles connect to tiny sacs
called alveoli (alveolar sacYable 2.1 describes how the airways get narrower with
each branch and the suréag@rea increases exponentially.

The alveolar region contains approximately 300 to 600 million sacs providing a very
large surface area for the process of gaseous exchamglee Alveoli have very thin
membranes, and are close to each other and are surrounded by numerous pulmonary
capillaries. Venous blood delivered to the lungs by the pulmonary vein is pumped
through these capillaries. This blood takes up oxygen and exgrélsncdioxide and
leaves the pulmonary artery to the heart athen pumped round the body. In
adults, the total surface area of the respiratory membrane is abouft which is

about the size of half a tennis co(Cblbert et al., 2009
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Table 21. A schematic representation of airway branching in the human lungs
(Weibel, 1963.

5 1&? Total Powder
Generation 2E = | Number cross deposition
SS B sectional | by particle
a S area (cnf) | diameter
GC) -
N Trachea 0 1.80 12.0 1 2.54 7-10 um
(@]
= Bronchi 1 1.22 4.8 2 2.33
E 2 | 083 | 19 4 2.13
§ ' 3 0.56 0.8 8 2.00
Bornchioles | 4 0.45 1.3 16 2.48 2-10 um
l 5 0.35 1.07 32 3.11
Terminal l l l l l
bronchioles | 16 | 0.06 | 0.10 | 6x1C 180
- 17
S | Respiratory | 1g l l l l
£ | bronchioles
2 19| 005 | 010 | sxic 10° 0.5 +2 um
x 2 Alveol 20 and
< O veolar <0.25
s ™ Ducts 21 l l l l o Hm
% 22
C
< Alveolar | 53 | 004 | 005 | sxad 10°
= sacs

The receptors for inhaled bronchodilators are distributed throughout the lungs
(Carstairs et al., 1988ak and Barnes, 1990but they have the greatest effect on
the receptors of the airways where smooth musdteaed, hence in theonducting
airways. Thereforehy targeting these receptors dikathe airways. Corticosteroids
receptors are also present throughout the airw@dcock et al., 1996 and
inflammation has been shownéaist in all regions of the lundsiogg et al., 2004
Hence for inhaled antnflammatory agents it is beneficial for the inhalexsé to be

spread throughout the airways.
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2.1.1The Lungs

The lungs are the principle organ of respiration and considered as the largest organ in
the body with respect to volume. Each lung is sofbngp, elastic and is conical in
shape and surrounded by thdeyyal cavity. The right lung, which weighs
approximately 620 gmis larger andsituated a little higher than the left lunig is
divided into three lobes. The left one weighs about 520 gm and is divided into two
lobes. It issmallerbecausehe heartis accommodated in the medial aspect of the
lung. Table 2.1shows that the structure of the lungs provides a large surface area for
gas exchange and presents minimal resistance to airflow and gas diffusion. The lungs
can be damag by dust, gases, the response to allergens and by infective agents
(Kumar and Clark, 2002 The lungs, heart andessels are protected by the chest
frame. This frame is a bony and cartilaginous structure to provide protection and also
facilities the movement of the thoracic cage to accommodate breathing. The
breathing or ventilation of the air into and out of thegkitakes place when air is
inhaled and exhaled.

During inhalation the diaphragm contracts and flattens. The intercostals muscles
between the ribs contract thereby pulling the ribcage upward and outward. During
exhalation, thentercostalsmuscles and theiaphragm relax, pulling the ribcage
down and contracting the lungs. Inspiration occurs when theguiimonary pressure

IS negative which facilitates the contraction of intercostals muscles and the
diaphragm. This results in an increase in the volume efthioracic cavity and
promotes the flow of air into the lungs.

An abnormality of breathing (inspiration or expiration) such as shortness of $reath
breathlessness or wheezing may indicate a lung function disorder and significantly

DITHFWV D VXibhiyl phEamn] YheBwoHAW types of disorders that impair
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ventilation or breathing are either restrictive (e.g. pulmonary fibrosis and sarcoidosis)
or obstructive (asthma, chronic obstructive disease) disorders. In restrictive
disordes, the normal lung eansion is restricted and there is a decrease of the
inhaled volume. In obstructive lung disease the airway becomes narrow with an

increase in resistance tafow, such as asthma and COPD.

2.1.2Lung Function Test and Spiometry

Spirometry is a pulmonarfgnction test (PFTs) that is a useful screening test, which
measures various aspeds the capacity of the lungdsigure 2.2describes the
normal breathing process of an individual with respect to different lung volumes.
This figure shows thahe tidalvolume (TV) is the amount of air moved in and out of
the lung during a normal breath. The amount of air remaining in the lungs after a
maximal exhalation is called the residual volume (RM)e vital capacity(VC) is

the maximum volume of air that can bexbaled after the lungs are filled by a
maximum inhalationand th@ exhaled as much as possiblhis vital capacity
manoeuvre can be done with an exhalation ithat fast as the subjezdn achieve

and continued until # subjectexhales no more air So,when the vital capacity is
forcibly exhaled, the measurement is called the Forced Vital Capacity (Fv@h

this manoeuvre the indices of spirometry &eak Expiratory Flow Raté’EF), he
Forced Expiratory Volumén onesecond (FEY) andForced VitalCapacity(FVC)
(Ward, 2006).Sophisticated measurements that make very frequent measurements
during the time of this forced manoeuvre provide a variety of other indices with

respect to flow and volume.
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Figure 22. Lung Volumes

Spirometry is considered as the preferred method to measure airflow limitation and
used to confirm diagnosis of asthma and CQBINA, 2009.
% The Forced Expiratory Volume in one second (IE¥ reported in litres. It
is the volume of air that is exhaled during the first second of a forced
expiratory manoeuvre. The FEs the most frequdly used parameter as an
index for assessing airway obstruction,bronchoconstriction or
bronchodilatation and it is considered as the standard index for assessing and
quantifying airflow limitation. It can be further expressed as a percentage of
the Forced Vital Capacity (FVC). Whehe lungs are normal this ratio is
normally 80%.
¥, Peak Expiratory Flow (PEF) is generally reportedities/minute. It is the
maximal flow rate (or speed) achieved during a maximal forced expiration.
¥ Forced Expiratory Vital Capacity (FVC) is reported litres. This is the
volume of air that can be forcibly blown out (exhalation) after a full
inspiration and continued with as much force as possible until the subject can
expel no more air.
Spirometry measurements are frequent expressed as predicted bagedson the

VXEMHFWY{V KHLJK@anedddaD (g3 JHQGHU
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2.2 Obstructive Lung Disease

2.2.1 Asthma

$VWKPD RULJLOQDWLQJ IURP WKH *UHHN aZdhtdic IRU 3SI
inflammatory disorder of the airways in susceptible individuals, inflammatory
symptoms are usually associated with a widespread but variable airflow obstruction
and increase inairway response to a variety of stimuli. Obstruction is often
reversible, either spontaneously or with treatmMé@INA, 2009. This inflammation

is associated with airway hyper responsiveness (AHR) with recurrent episodes of
symptoms such as wheezing, breathlessness, chest tightness and coughing,
particularly at night or in the early morning. Sometimes these ®yngpbecome so
severe that breathing is severely impairadin this situation the term acute
exacerbation is used.

Worldwide the prevalence of asthms increasingin the last decades despite
considerable improvements in asthma pathogenesis, knowledgen amedical
treatment. This poses a serious global health problem in adults and cltery

et al., 2002 It is estimated to affect about1®% of the world  Wopulation (300
million people) (Lavorini and Corbetta, 2008andis expected to increase each
decade(Braman, 2005 Asthma is one fothe chronic diseasethat hasa huge
economic burden on healthcare resources in terms of cost of treatment and
hospitalization. Thus, one of the main aims of the GINA guidelines is to reduce
morbidity and mortality by improving asthma cont(bavorini and Corbea, 2008.

The current GINA challenge for each country is to reduce hospitalisation rates by

50% over the next 5 yeafBitzgerald et al., 20)1
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2.2.1.1 Pathogenesis ofsthma

Asthma is an inflammatory lung condition in whichetlirways respond when
exposedWR LQGXFHUV RU WULJJHUV IDFWRUV $VWKPD F
SHIWULQVLF" DWRSLF DV WKddpic &3Qmma)(Falgae, 2008V LF™ QF
Extrinsic or allergic asthma occurs when the subject is exposed to a specific allergen
(environmental factors) such asigll, pollen or a nospecific stimlus such as a
chemical irritant, cold aior exercise. This type of asthma develops in childhood and

is consideed to be the most common tygdetrinsic or noratopic asthma occurs
when there are no external factors asged with the disease such as mucosal
inflammation, emotional stress or limlving a respiratory infection.

In atopic asthma, the environmental stimuli or triggers (allergens) cause
hypersensitivity of the airway that initiate a midgllular inflammatoryprocess
(Schieken, 200Ras shown irFigure 2.3 This process of inflammation leads to the
activation of many different inflammatory cellin the asthmatic airways.
Inflammatory cells produce a variety of chemical mediators, in particular mast cells,
eosinophils and T lymphocytes, which act on the cell walls of the airvaysay
epithelium)(Holgate, 201Pto produce the typical features of asth(Barnes et al.,

1996. These mediators enhance airway constriction and cause oedema of the
airways and this leads to bronchial narrowing (or obstruction) and a spasm of the
airways with increases of the classical symptoms of as{{@uaie et al., 2006

Figure 2.4 showshe difference between the bronchioles of a normal and an

asthmatic subject.
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Figure 23. The inflammatory pathwayd atopic asthmaHolgate, 201D
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Figure 24. Normal and Asthmatic bronchioles\yw.mywembd.cor

Symptomsf asthma

Asthma is characterized by episodes of breathlessness, chest tightness, coughing and
wheezing. The characteristics of these symptoms, which are variable, are often
paroxysmal and prxmked by allergic or non allergic stimuli and irritants. These

symptoms are useful in the diagnosis of asthma. These symptoms vary in severity
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and frequency from person to person, aray occur several times in a day or a week

in affected individuals Some asthmaticsdhecomeworse during physical activitgr

many have more symptoms raght One of the recognised symptoms is wheezing.
Wheezing symptoms heard on auscultation of the chest increases the probability of
asthma(BTS/SIGN., 2009 and is more specific to asthma than other symptoms
(Masoli et al., 2004

During exacerbations of asthma, the inflammatory response increases the micro
vascular permeability and thus cellular infiltration, fibro genesis and smooth muscle
airway wall changeg¢Bradding et al., 20Q6Holgate et al., 2009 This leads to a
spasm and more obstruction with extra mucus secretion creating a constriction or
complete blockage of the airways associated with a decline in the peak expiratory

flow (PEF) and forced expiratory volunin one second (FRY

2.2.1.2 Diagnosis and Classification of Asthma

The history of a patient is considered as the key factor to makgreodia of asthma.

The GINA (201) guidelines and the British Thoracic Society (BTS/SIGN)

Guidelines(2009 have stessed that diagnosis should be based on a clinical history

of subjects and consideration of the classical symptoms of asthma (wheezing,

coughing, shortness of breathing and nocturnal awakening). Widespread wheezing
heard on auscultation of the chest ias®es the probability of asthma (BTS/SIGN

2009). Moreover, objective measurements are needed to confirm the diagnosis of

astma and to assess its sever®pirometry provides useful information about the

degree of obstruction (BTS/SIGRD09). The GINA guidlines (2008,20)1suggest

that the confirmation of asthma diagnosis can be clarified by the response to inhaled
o~ agonists (bronchodilator in an acute dose situation or over time with chronic

inhaledcorticosteroid therapy)Trhis is characterized by ancrease of >15% in the
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FEV; or an increase inWKH 3() E\ - | U RliRe Apprekintaizly B0
minutes ater an inhaled bronchodilatofhis provides evidence of reversibility
(Everard, 2003 However, some patients do not show this degree of reversibility
particularly those with normal or near to normal lung function which can occur either
on its own or with appropriate ardsthma therapy. The ratio of FEFVC is used to
express the airflow limitation and it is useful for differentiating between asthma and
chronic obstuctive pulmonary disease (CORD)

The classification of asthma severity is based on three equally weighted domains;
daytime symptoms, nocturnal mptoms and pulmonary functiomccording to

GINA (2009) guidelines, the severity of asthma can be classified according to the
degree of obstruction and its severity described in Table 2.2A more simple
classification is to categorise asthma into mitthderate and severe according to
their predicted FEY( > 80%, 60680% and < 60%, respectively).

During an acute attack, or uncontrolled asthma, the peak expiratory flow (PEF) and
forced expiratory volume in one second (RE®¥an decrease to less than 30the
VXEMHFWY{YVY SUHGLFWHG YDOXHYV 7KLV LV FKDUDF
bradycardia, hypension andlifficulty in breathing and this can lead to coaral to

death. Normally people with no smoking history or never had asthma should be able
to blowout 7580 % or more of their total lung capacity within the first second of a
forced exhalationThe reduction in this ratio below0% indicates an obstructive

lung disease (Hughes and Pride, 2000).
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Table 22. Severity Classification of asthma (GINA 2008)

Intermittent

I Symptoms < once a week
Brief exacerbation, Nocturnal symptoms not mor
than twice a month
FEV; or PEF «80% Predicted
PEF or FEV variability <20%
Mild Persistent
. Symptoms more than oneewveek but less than
once a day
. Exacerbations may affect activity and sleep,
Nocturnal symptoms not more than twice a mont
I FEV, or PEF «80% Predicted
PEF or FEV variability <20% 30
ModeratePersistent
I Symptoms daily
Exacerbations may affect activiiyd sleep,
Nocturnal symptoms more than once a week and
daily use of inhaled SABA
FEV; or PEF60-80 % Predicted
PEF or FEV variability > 30%
PersistenSevee
I Symptoms daily
Frequently exacerbations, frequently nocturnal
symptoms, Limitation ofphysical activity
I FEV1 or PER 60 Predicted
PEF or FEV variability > 30%

2.2.1.3 Pharmacotherapy of Asthma

7KH SULQFLSOHYVY RI DVWKPD PDQDJHPHQW DUH WR LPS
to provide optimal log term control of the diseas@he GINA guidelines are

designed to increase the awareness of asthma, reduce asthma morbidity and
mortality, and improve asthma therapy. ARecent initiative is to decrease
hospitalisatio by 50% over the next 5 yedf&tzgerald et al.2011).

The goal of asthma management has been defined as no day or nocturnal symptoms,

no limitations of daily activities, no need for reliever treatment, normal or- near

normal lung function results and no exacerbatig@dNA, 2011). A stepwise
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approach to the pharmacological treatment is recommende@ifs guidelines
(GINA, 2017 andBTS/SIGN (2009) m attempt to achieve optimal asthma control.
These guidelines contain a step procesaintil no disease control is achieved or as
asthma worsens. Once control of asthma has been achieved and maintained for a
sufficient period of time (usually at leas® monthg a gradual reduction of the
maintenance therapy is recommended to identify the minimum therapy required to
maintain contro(BTS/SIGN.,2009)

The pharmacotherapy for the treatment of asthma is generally divided into two main
categories: reliever (bnchodilators) and controllers (corticosteroids). Inhaled drug
administration iusedbecause this method delivers medication to the site of action,
has a faster onset of actiondaminimizes systemic effect$he latter is due to the
lower dosesandimproves the ratio of the therapeutic benefit to the potential side
effects (Pauwels et al., 1997 avorini and Corbetta, 2008Figure 2.5 and 2.6
provide a summary of the BTS/SIGN guidelines for the management of chronic
asthma in adults and asthmatic children.

A short course of oral prednisoloned.40 to 60mg per day for 5 days in adults, 20

mg daily in toddlers) is effective for acute exacerbasiorailing off the dose should

be considered when a patient receives more than 2 courses in one year.
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Figure 25. The asthma stepwise approach in adults.

Figure 26. The asthma stepwise approach in childretZ5ears old).
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2.2.1.4 Measuring Asthma Control

7KH OHYHO RI D SDWLHQWYfV DVWKPD FRQWURO FDQ
guestionnaires Asthma management guidelines have defined asthma control as
having no or minimal daytime nocturnal symptoms, no or minimal use of rescue
bronchodilators,no acute exacerbation and normal or near normal lung function
(GINA, 2009. The guidelines also, stress that the objective of any asthma treatment
plan is to achieve optimal asthma control and to maintain this conttbkifuture

(GINA, 2009. However, despite the availability of effective medications it is well
documented thaa delay in diagnosis, an under estimation of disease severity and
consequently under treatment, the chaéenhalerdevice and insufficient patient
education on correct inhaler technique and compliance may lead to poor asthma
control(Horne, 2006Laforest et al., 2006/irchow et al., 2008 In clinical practice,
patients are usually monitored by registration of their symptoms, physical
examination, spirometry, and medicatidine questionnaires are designed to identify
which impairments are the most troublesome for patients with astmmaany
asthmatigoatients, physical activity such as sports, shopping or scaling stairs induces
symptoms. Other factors that may trigger symptoms are environmental stimuli, such
as cigarette smoke, seasonal allergens, strong smells or weather conditions
interfering with cial activities.

In clinical practice, symptoms have always been evaluated through simple questions.
These questions have been developed into validated and reliable questionnaires that
provide insights into the patients' wéking. Such questionnairesveal functional
impairments that influence daily life. Currently, several validated, questionnaires,
with strong measurement properties, are available. Some of the questionnaires are

short, easily understood and in satfministrable formatgJuniper et al., 1997
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These questionnaires, referred t® iastruments (questionnaires), are used to either
follow up patients in clinical practice or to investigate the outcome of an intervention
in clinical research(Nantel and Newhouse, 1999orne et al., 2007 The ones used

in asthma are

% Asthma Control Questionnaires (ACQuniper et al., 1999a
¥% $VWKPD &R QWU R Qlatheh\eval.(200% & 7
¥ Childhood Asthma Control Test {&CT; Liu et al., 2007
¥ The RCP's "Three Ke@Questions" Pearson and Bucknall, 199Bhomas et
al., 2009
¥, The Asthma Quality of Life Questionnaire (AQLQuniper et al., 1992
¥ Mini Asthma Quality of Life Questionnaire (MHAQLQ); Juniper et al.,
1999h
¥, Paediatric Asthma Quality of Life Questionnaire (PAQLIpNiper et al.,
19964
% SDHGLDWULF $VWKPD &DUHJIJLYHUYV 4XDOLW\ RI /
(Juniper et al., 1996
2.2.1.4.The Asthma Control Questionnaires (ACQ)
The Asthma Control Questionnaire (ACQ) was designed and validated to measure
asthma control in adult asthmatitRuniper et al., 1989). It is simple and can be
completed by patients in the clinic. The ACQ has strong measurement properties and
has been fully validated for use in both clinical practice and clinical trials. For
clinical practice, clinical trials and epidemiologicaldies, the ACQ has strong
discriminative and evaluative properties which mean that it can detect small
differences between patients with different levels of asthma controlt asdrery
sensitive to withirpatient chage in asthma control over time.
The ACQ has 7 questions (the top scoring 5 symptoms, ;/&EW@red. and daily

rescue bronchodilator use). Patients are asked to recall how their asthma has been

during the previous week and to respond to the symptom and bronchodilator use
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guestions on a-point gale (0=no impairment, 6= maximum impairment). Their
FEV1% predicted is also scored using gdint scale. The questions are equally
weighted and the ACQ score is the mean of the 7 questions and therefore between 0
(totally controlled) and 6 (severely untoolled).

Development and validation studies have shown that the ACQ was very responsive
to change in asthma contr@uniper et a] 1999a. Crosssectional and longitudinal
validity was supported by correlations between the ACQ and otleasures of
asthma health statu$he ACQ, therefore, has strong evaluation and discriminative
properties and can be used with confidence tosoreaasthma control in both
longitudinal research and cressctional surveys, respectively, as well as in clinical
practice(Junipe et al., 1999a

The ACQ is presented in TabR3 Many leave out the last question about the
response to a bronchodilator. Several studies have shown that the measurement of
validity, responsiveness and reliability of the shortened versions, Ganssif the

ACQ are similar to those of the originaitém ACQ. Therefore the shortened ACQ
versions can be used without compromising asthma control assegdon@per et

al., 2001 Juniper et al., 2005In general, patients with a score below 1.0 will have
adequately controlled asthma and above 1.0 their asthma will not be well controlled
(Juniper et al., 2006 However, there is a very grey area between 0.75 and 1.25
where patients are on the borderline of adequate control. In gersa@ieaof <0.75
LQGLFDWHNRDWUROOHG ™ DVWXRPDQWKRIOVW D SHXQQMBRLC
SLQDGHITDAWHOROOHG  FRQGLWLRDangX @ HiferedceHwW D O
the ACQ score of 0.5 is the smallest that can be considered clinicallyrtanp

(Juniper et al., 2006
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Table 23. The Asthma Control @estionnaire

1. On average, during the past week, how often were you

woken by your asthmaduring the night? Never

Hardy ever

A few minutes

Several times

Many times

A great many times

Unable to sleep because of asthma
2. On average, during the past week, tad were your

asthma symptoms when you woke um the morning? No symptoms

Very mild symptoms
Mild symptoms
Moderate symptoms
Quite severe symptoms
severe symptns

Very severe symptoms
3. In general, during the past week, hiawited were you in

your activities because of your asthma? Not limited at all

Very slightly limited
slightly limited
Moderately limited
Very limited
Extremely limited
Totally limited

4. In general, during the past week, how mslbrtness of

breath did you experience because of your asthma? None

A very little

A little

A moderate amount
Quite a lot

A great deal

A very great deal

Not at all

Hardly any of the time

A little of the time

A moderate amount of the time
A lot of the time

Most of the time

All the time

5. In generalduring the past week, how much of the time di
youwheezé&

6. On average, during the past week, many puffs of
short-acting bronchodilator (e.g. Ventolin) have you use
each day?

None

1-2 puffs most days
34 puffs most days
58 puffs most days
912 puffs most days
1316 puffs most days
More than 16 puffs most days
>95%

9095%

8980%

7970

69-60

5950

<50%

7. To be completed by a member of clinic staff
Pre bronchodilator FEMlitres).........

Predicted FEY(litreS).......cccceevvuvnnnn.

FEV; (% predicted)..........ooccvveeeenennenn.

OB WNRPFPOODUOARAWNERPO OUOOPRRWNRERPO OUOOPRRWNEPO OUOOPRRWNPEFPO OORRWNPEFPO OOORWDNEO
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2.2.2Chronic Obstructive Pulmonary Disease (COPD)

Chronic obstructive pulmonary disease (COPD) is a progressive lung dasshse
worldwide is responsible for more than 3 million deaths each year. It currently ranks
as the fifth leading cause of death in the (¥ICE, 2010, and is projected to
become the third most common cause of mortality and the third leading burden of
disease worldwide by the year 20@@urray and Lopez, 20QMurray et al., 2002
NICE, 201Q. COPD represents a massive and growing burden with respect to direct
and indirect costs. Hencepbses eonomic as well as social burdens on the patints
themselves, their families and healthcargteams (GOLDBGuidelines, 2006).

COPD is a slow progressive respiratory disorder that is characterized by airflow
obstruction and destruction that is not fulwersible It varies very little from day to

day and month to month until obstruction is seward soit is relatively unnoticed

until diagnosed during an acute exacerbatidre damage is due to local respiratory
irritants commonly smokingCOPD is a geeral term for a spectrum of diseases that
includes chronic bronchitis anemphysema as well as others such as small airway
disease and chronic asthma that is unresponsive to théBapigmy and Booker,
2004). Chronicbronchitis or emphysema can occur their own but frequently they
occur togetherSeveral lung societies hayrovided statements in an attempt to
define COPD and distinguish it from asthma as well as to deal with the important
aspects of COPD management. The American Thoracic Society (ATS), and the
Europen Respiratory Society (ERS) definition of COPD defines chronic bronchitis
and emplisema. The Global Initiative for Chronic Obstruction Lung Disease
(GOLD) proposes a definition that focuses on the progressive natuagflow
limitation and its associatn with abnormal inflammatory response of the lungs to

various noxious particles or gases.
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The National Institute for Clinical Excellence (NICE) guideline (2010) has defined
& 2 3' D \Wisdase characterized by airflow obstruction. The airflow obstrugsion
usually progressive, not fully reversible and does not change markedly over several
months. The disease is predominantly caused by smioKMICE, 201Q. Hence,
tobacco smoking is the major risk factor leading to the progre€OPDand that
correlates with the prevalence and severity of chronic bronchitis and emphysema
(Gold-Guidelines, 2009. These diseaseme currentlymore common in males over

55 years although the incidence imfales is increasing, paralleling the increase in
cigarette smoking by womenSmoking cessation is thefore, the first line
management for those with COPD. Other risk factors, which include air pollution or
infection, can produce a chronic inflammationtieé bronchi(Jensen et al., 20D0
Furthermore,occupational exposures (e.g. talst) may also contribute to the
development of COPQFujita and Nakanishi, 200.7In the absence of an identified
inhaled irritant there is a genetink thatis associateavith someongresenting with
emphysema at a young age 49 years old).These unfortunate patients have a
PDUNHG GHILFL HIQaRtitrypsinRiSIBdne Semple et al., 19800bin et

al., 1983, andoccurs in about-2% of COPDcausegBellamy and Booker, 2004

2.2.2.1Pathophysiology of COPD

The pathological entity of COPD involves bronchitis and emphysema (either alone or
together). Inflammation associated with irritant factors which can produce a chronic
inflammation ofthe airwayswhich cause physiological change@Hunninghake and
Crystal, 1983Jensen et al., 20D0These changes are associated withnanease in
mucus and predominanc¥ inflammatory cellsin various parts of the lungs and
airway walls. Figure 2.7 describes how neutrophils, macrophages and CD8+ T

lymphocytes
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(Barnes, 2000b as well as

—_5 other mediators, (including
j Cigarette smoke
p—. ‘ ¢ leukotriene B4, interleukin 8,
lymphocyte k
Neutrophil chemotatic factors, .
|| cytlines (1t -8). mediators (75 . and tumours necrosis factor)
oxygen radicals
b contribue to the
0 }
Protease .
inflammatory process.
seolar wa c Mucus hypersecretion I .
e ‘&.{.Jl‘éiiﬂ'ﬁf“m1 (chroric bronchits) Further amplification of the
Progressive airflow limitation

inflammatory status in the

Figure2.7. Disease processes in chronic airway can be triggered by

obstructive pulmonary disea@®eproduced from

Branes (2000) factors such as vira or

bacterial infection. These
inflammatory cells particularly the neutrophils are responsiblether release of
elastaseroteolytic enzymegqantielastase) tht destroy elastin in the lung. This
results in damage to the airways and lung tissue (elastically breakdowrg lagh
of alveolar wall integrity. The loss of lung elastin, especially in emphysema,
contributes to airway collapse, patlarly during exercise. Alph&-anitrypsin is a
natural defencenechanism to these changesd it isthose with low levels of this
agentthat are moresusceptible to these effects caused by inhaled irritant, and these
are more prone to COPD.
As time progresses and the subjecointinues to smoke physiologicabnormalities
gradual contiue. This leads to mucus hymcretion, airways wall thickening with
bronchial fibrosis, airflowlimitation and hyperinflationHyperinflation is a natural
process byhe body tary to keep the airways opehhis is achieved by a flattening
of the diaphragm, which resulia less effective contraction and reduced alveolar

efficiency, which in turn leads an increase in the residual vol(RW). Over time

54



this leads to evere airflow obstruction, resulting in insufficieexpiration toallow

the lung to deflate fully prior to the next inspiration and leading to air trapping. This
can be translated or indicated by a decline in the R a decreased FEY¥VC
ratioto <70% (Nathell et al., 200/ There is also a raed total lung capacity (TLC),
residual volume (RV) and functional residual capacity (RFC).

Furthermore, destruction in the alveolsalls leads to a decrease in tbiective
respiratory membrane surface area tteaises decreased gas excharngere is an
increase in bloodcarbon dioxide concentrations, which causes irmrease of
respratory rate of COPD patientshence apink appearance of these patiergs
observed Moreover, there is increasing evidence that CORolves systemic
featuresparticularl in severe stages. Cachexia (loss ofiias3, weakness and loss

of skeletal muscle mass, osteoporaail chronic anaemia may develop in COPD
patients (GOLDBGuidelines, 2006; Cazzatal., 2007)

A main response of some individuals to the irritant affemainly fromcigarette
smoking, is to increase mucus production which lead$assical chronic bronchitis.
Mucus cells proliferatand theexcessive production leads to a cough, breathlessness
and impaired oxygen saturatioln acute &acerbation®ften occur, where there is a
rapid and sustained worsening of symptoms beyond normalodalay variations

(GINA, 2011).

2.2.2.2Diagnosis and classification of COPD

The diagnosis and classification of COPD depends upon individual findings based on
age, severity, medical history and physical examinati@md is confirmed by
spirometry, the degree of breathlessness and exercise tolerance. Spirgneetry
standardized and reproducible test that objectively confirms the presence of airflow

obstruction. Characteristically, spiromgt shows adecreased forceexpiratory
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volume in one second (FE)Vand a decreased FEWVC ratio (Pauwels et al.,
2001). Figure 2.8describes the link between the reduction in the Fkkh age and
smoking and explains why smoking cessation is the first line management for those

with COPD(Fletcher and Peto, 19).7

Never smoked
or not
susceptible

to smoke

Smoked regularly
and susceptible

to its effects
Stopped at 45

Disability

Stopped at 65

Age (years)

Figure 28. The relationship between FEMage and smoking historfFletcher ad
Peto, 197Y.

NICE (2011)states that "diagnosis of COPD shoulddoasideredn patients over

the age of 3%over 40 accorithg to the GOLD Guideline, 2009vho are exposed to

one risk factors (mdominately smoking) and whaveCOPD symptoms and signs
including; breathlessness, chronic cough, regular sputum production, frequent winter
MEURQFKLW L(Pquvireld ezdd. H2B(IAccording toNICE, COPD Guidelines
(2011) the criteria to consider a COPD persoa FEW/FVC ratio <0.70 and an

FEV; < 80 % of prélicted valuesClinical symptoms and exercise tolerancectbgr

with smoking history andpirometryare used to confirm COPBpirometry pre and

post a bronchodilat usually shows irreversiblairflow limitation (NICE, 2010.
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Assessment of the COPD severity level is crucially important to initiate the proper
pharmacotherapireatment and subsequently evaluate the disorder prognosis. The
severity stage determination, thus, should include the degree of airflow obstruction,
exacerbations frequency and other prognostic factors

Table 2.4. Classificationof severity of airflow obstructio®OLD (2008), and the
NICE (2010) tassification ofCOPD

NICE ATS/ERS4 GOLD
(2004) 2004 (2008) NS (o)
Post 0
bronchodilator Frle:_zzi/llc t/eo d Severity of airflow obstruction
FEV/FVC | P
Post Post- Post
bronchodilator| bronchodilator| bronchodilato
<07 . Mild Stage 1Mild | Stage 14Mild*
. Stage 2+ Stage 2+
[0)
<0.7 5079% Mild Moderate Moderate Moderate
<0.7 30#49% | Moderate Severe Stage 3+ Stage 3=
Severe Severe
Very severe** Stage 4+
0
<0.7 < 30% Severe Very severe Stage 4+ Very severe*

* Symptoms should be present to diagnose COPD in people with mild airflow obstruction
*Or FEV ; %< 50with respiratory failure

The Medical Research Council (MRC) dyspnoea s¢eletcher et al., 1959s a
valid method for assessing severity which correlates with formal exercise tests,
quality of life and activities of daily livingbut it does not include a lurfgnction
test. Ths dyspnoea scal@able 2.5 has been recommended to be used to assess the

grade of breathlessness accordinthlevel of exertion required.
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Table 25. Medical Research Council (MRC) siynoea scale, NICE (2010), adapted

from Hetcher et al (1959)

Grade Degree of breathlessness related to activities
Not troubled by breathlessness except on strenuous

1 exercise

2 Short of breath when hurrying or walking up a slight h
Walks slowetthan contemporaries on level ground

3 because of breathlessness, or has to stop for breath
walking at own pace

4 Stops for breath after walking about 100 m or after a f
minutes on level ground

5 Too breathless to leave the house, or breathless whe
dressing or undressing

Recently, several studiesave recommended usin@ multidimensional grading

scheme to classify theeverity and impact of COPBecausat is more useful than

the predicted percentage of FEMeasurement alongelli et al., 2005 Cazzola et

al., 2009. This LQGH [

FDOOHG 3%2'(’

IRU ERG\ PDVV LQGH

dyspnoea, and exercise capacity) has been shoarbétter predictor asurvival in

COPD than FEYalone(Celli et al., 2004

The Bode index ishe bodymass index (B), the degree of airflow obstruct{(@)

and functional dyspnea (D), and exercrsspacity (E)according to the criteria

described inTable 2.6 Values between 0 and 10 are obtained and the higher the

score then the higher is the risk of death in patients with COPD.

Table 26. The Bode Index.

Variable ’ * Points on  BODE Index
o | 1 2 |3
FEV1 (% predicted) |- | 50-64 36-49 |
6-Minute Walk Test (meters) ’ . ’ 250-349 ‘ 150 -249 ‘ "
MMRC Dyspnea Scale o1 | 2 | 3 4
Body Mass Index ’ >21 ’ §

*Body Mass Index (BMI) weight (kg)/height (m2). If the BMI is < 20, ttéflects a

Poor prognosis
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2.2.2.3Management of Stable COPD

The main goals for the management of COPD are to achieve better standards for
diagnosis, treatment, improvement of health status and quality of lifeyreddction

of mortality (GINA, 201]). These shouldbe achieved by relieving symptoms and by
preventing disease progression (deterioration) and exacerbations. COPD
management programsdude pharmacological and npharmacological options,
patient education and the modification of risk factors (NICE GindeP004, Gold
Guidelines, 2009). Smoking cessatiorthie cornerstonef management and confers
many benefits, including a slowing of the accelerated rate of, BE®ineas shown

in Figure 2.8 and an improvement in COPD sympto(@elli et al., 200, thereby
reducing mortality (Calverley et al., 2008 Several studies have addressed and
confirmed that the risk factors particularly cigarette smoking are associated with the
progression of COPPWatson et al., 20Q8Cazzola et al., 2007 Fletcher and Peto
(1977) in their study, described in Figure Zi&st highlighted that smoking is the

most significant cause of airflow obstruction wittn accelerated loss of lung
function that some smokers develop.

Beyond education and smoking cessation, the goals of pharmacologic treatments are
to enhance survival, quality of life, and the functional status as well as lessen

mortality.

2.2.2.3.(a) Pharmacotherapy of COPD

Pharmacologidamanagement for COPD includes bronchodilators, corticosteroids,
antibiotics, and mucolytic§Cazzola et al., 2007 A summary ofthe National
Institute for Clinical Excellence (NICE) recommendat{@010) for the management

of stableCOPD ispresented in Table 2&ith the Pharmacotherapy dedwed in

more detail in &ble 2.8
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¥ Bronchodilators (Relievers)
Inhaled Bronchodilatorsincluding short and long acting ,-adrenergic agonistnd
ani-cholinergicagent} are considerethe mainstay of COPD treatment. These
effective in alleviating symptomesf bronchoconstrictiorthat relax smooth muscle
around the airways, increasiee calber of the airways and improwar flow and
improve exercise capacitywith increasedn the FEV;, althoughin some ptients
these changes are sm@IT'S, 2009)
Table 2.7 shows that inhaled bronchodilators are progressively introdacet
increasedWR WKH FRPELQDWLRQ R baydist @lkaDithedl& I6nB QJ D F W
acting anticholinergic. The combination of these two drugs in one inhaler is not yet
available A short and long acting, tadrenergic agonist can be used together but if
a long acting artcholinergic is used then a short acting -atblinergic should not

be prescribed.
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Table 27. TheNICE guideline recommended management of stable C@piddiced from (NICE2004.
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Table 28. Pharmacotherapy for breathlessness and exercise limitation

» Use short-acting bronchodilator prn (beta,-agonist or
anticholinergic )

« If still symptomatic try combined therapy with a short-acting
beta,-agonist and a short-acting anticholinergic

« If still symptomatic use a long-acting bronchodilator (beta,-agonist
or anticholinergic)

 In moderate or severe COPD:
If still symptomatic consider a trial of a combination of a long-acting
beta,-agonist and inhaled corticosteroid. Discontinue if no benefit
after 4 weeks

Stop therapy if ineffective

« If still symptomatic consider adding theophylline

¥ Corticosteroids
Inhaled corticosteroid (ICSs), have a limited role in the management of COPD
patients, andheir effectivenesss still controversial(Calverley et al., 2003Vian and
Sin, 2009. However ICS isconsideed as thecornerstoneof asthma therapylhe
reason is that different mediators cause inflammat®osinophil, mast cell)n
asthma and@neutrophils, macrophage) @OPD (Barnes, 2000b The mediators that
cause inflammation in COPD have or@yimited responsiveness to corticosteroids,
while those medtars responsible for inflammation in asthma are dramatically
affected by inhaled corticosteroi{Barnes, 2000b Several studieasingICS agents
in patients withmild COPD have shown no effect on the rate of FEMcline
(Pauwels et al., 199%mith et al., 2004Sutherland and Cherniack, 2Q04owever,
they have bae shown to decrease acute exacerbations in those with either moderate
or severe COP[Calverley and Koulouris, 2005t is recommended th&CS can be
prescribed topatients with FEY ” SUHGLFWHG DQG ZKR KDYH

exacerbations per yedNICE, 2010 Gold-Guidelines, 2009). Adding an inhaled
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corticosteroid to an established leiyF W k-Gadonist regime does reduce acute
exacerbations and slow the rate of decline in health {fdtaie et al., 2006

A study showed that aombination aof a ICS (fluticasong with salmeterol (a
LABA) resulted in improved lung function, prolonged frequency timeanf
exacerbation and improvethe quality of life compared with mono therapy or
placebo treatmer(Calverley et al., 2003 However the decreased mortality rate just
failed to reach significance level and there was an inera@asthe number of
pneumoniasThe study was not dose finding and used the highest recommended
dose. Anothertady conduted by Soriano et al (2002) showed that regular use of
SIOXWeEBDRBQRQDWH™ HLWKHU D O Rafpridtepks dsspciatBd® EL Q D W
with animproved survival of COPDwith an initial improvement in the first three to

six months(Bellamy and Booker, 2004but no effect onthe subsequentate of
decline in the FEY(Soriano et al., 2002

A combination therapy of longD F W k-&dnist and ICSbudesonide/ formoterol)
combined in a single DPtalled Symbicor®, provided improved Ing function,a
prolonged time to the first exacerbati@alverley et al., 2003and improved quality

of life compared with either morberapy or placebo theragWelte et al., 2000

Also, other studiediave confirmed the benefit obudesonide in combination with
formoterol when comparedo the individual components or placel§§zafranski et

al., 2003 and reduced the risk of exacerbations by approximately-22%(Welte

et al.,, 2009 Moreover, this combination has been shown to decrease lung
hyperinflation and to increase exercise tolergi@B®onnell et al., 2006

After all options, described imable 2.8above have been exhausted then patients are
usually prescribed oral prednisolone despite the high risk to benefit ratio. However,

the NICE2004 and GOLD 2006 Guidelines for the management of COPD do not
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recommend the usef mral corticosteroids as long term maintenance therapy in
patients with stable of COPD. For acute exacerbations, systemic corticosteroids have
been shown to improvairflow limitations, and symptomg¢Teresa and Martin,
2010. Other therapeutic options include mucolytics as wsllaanual influenza

vaccination.

2.2.2.3(b) Non-Pharmacological Management of COPD

Non pharmacologicamanagement of COPD issefulin parallel with therapeutic
management to achieve the overall goaflsthe disease management plan. Non
pharmacological management incladpulmonary rehabilitation and long term
oxygen therapy (LTOT). The rehabilitation prags intude physical exercise
training anddisease education. tasbeen shown that the pulmonary rehabilitation
results in an improvement in multiple outcome of considerabj@rtance to the
COPD patien{Folgering and vamierwaarden, 1993ingh et al., 1998Cazzola et

al., 2007 and healthrelated quality of life (HRQoLJjReardon et al., 2005

2.2.2.4Differences between Asthma and COP.

Although there are some overlaps between asthma and COPD, they are separate
disorders with different aetiologies, pathologies, natural history and responses to
treatment (Barnes, 2008 Table 2.9 summarises the main differences between

asthma and COPD.
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Table 29. Themain differencébetween asthma and COPD

COPD Asthma
Smoker or exsmoker Nearly all Possibly
Symptom under age 3t Rarely Often
Chronic productive uncommon :
Common may occur during
cough .
exacerbations
Persi ,
Breathlessness erS|ster.1t / Variable
progressive
Night time waking with
breathlessness and/or Uncommon Common
wheeze
Significant durnal or
day-to-day variable of Uncommon Common
symptoms

2.3Drug delivery and Inhalation Route

Smoking the leaves of the Atropa belladonna plant to reduce cough in India,
approximately 2000 BC, isdguently mentioned as the firgiference to gmonary

drug delivery(Grossman, 1994Bisgaard et al., 2002 The treatment by inhalation

of various chest infections and tuberculosis was used in Europe (UK) intrend7

19" century(2 1& DO O D JKipH) 200Q.G : U

The asthma cigarette was considered as the first portable ir{fRakard, 2008

This was followed byhe jet nebulizer in the 1930s and thiey the glass antubber

bulb nebulisers for delivering adrenaline. Later on in 1950s, more convenient
SRUWDEOH GHYLFHYV FDOOHG 3S0',Vsadvahtaesc, QW URGXFH
The pressurised metered dose inhaler (pMDI) was first introduced in 1956 for
delivering dose®f either adrenali@or isoprenaline for the treatment of asthma. Its
popularity with isoprenaline was demonstrated by a 600% increase in prescriptions
and sales between 195Z€rompton, 2006 However, pMDI sales dramatically

decreased following an increase in thsaattributed to the isoprenaline pMDI and a
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warning issued by the Committee of Safety Medicines in 19661969 he
salbutamol pMDI subsequently replaced the isoprenaline pMDI, to become the most
frequently prescribed shef FW L-@gbnist inhaler. In 1972 the inhaled
corticosteroid beclometasordipropionatewas also introduced via a pMDDry
powder inhalers were first introduced as single dose capthat had to be broken
inside a @vice prior to inhalation. Thep$hhaler containing sodiuraromoglycate

was introduced in 1967 and was followed by the Rotahaler. The first multidose dry
powder inhaler was the
Turbuhaler in 1987 and

was then followed by

single doses inside an

[/
0
I —&— |nhaled Salbutamo

/
i 21 3¢ --# - Inhaled Terbutaline inhaler (Diskhaler and
2 Oral Salbutamol
1.9 ——e- Oral Terbutaline then Accuhaler) Many
1.8 ) ) ' ' others types of DPI have
0 1 2 3 4 5
Time (hr)

followed.
Figure 29. Onset of action using inhaled and oral
routs of administratio(Webb et al., 1982; Everard. The  pulmonary route

2003) allows inhaled medication
to be delivered directly to

the therapeutic sites in tlarways of theungs (Virchow et al., 2008)Due to this
direct delivery a low dose is required compared to a therapeutically equivalent oral
dose hence there is a large reduction in systemic adverse effects. There is a fast onset
of action as shown iRigure2.9 (Webb et al., 1982 and a lower rate of siekffects
(Pauwels et al., 1997A high theapeutic ratio is achieved compared with systemic
delivery (Newman et al., 1981aVvirchow et al., 2008 Therefore, this rae is

considered as the optimum route for administeringntiagority o the drugs for the
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treatment of obstructive lung diseg3®@ogood, 1989Pauwels, 1997 In addition, to
asthma and COPDnhaled therapy can be used to treat other respiratory diseases
such asbronchopulmonary dysplasia and cystic fibrode Boeck and Breysem,
1998 where large doses of antibiotics are inhaled (mostly by nebulisation).
Furthermore, other drugs are undevelopmenfor systemic therapy usingerosol
delivery. These includesulin to treat diabetegiene therapy vectots treat cystic
fibrosis (CF) vaccines for measles, chemetapy agents for lung cancenprphine

to relieve pain and farcute pain management and ergotamine for migraine.

Different inhalerdevices are awviable to deliver theserugs; pressurised metered
dose inhalers (pMDIs), which are used either alone or attached to a spacer or valved
holding chambers (VHCs), dry powder inhalers (DPIs) and nebulisers. These
inhalation deices produce aneaosol cloud of medication that provides an emitted
dose that iscapable to deposit medicine into the lungsgring an inhalation
manoeuvre. The fraction difie emitted dose with this capability is termed the fine
particle dose. The finegpticle dose isheamount of particles in themitted dos¢hat
havean aerodynamidiameter of less thanim. Particles below this size range have
the greatest likelihood to be deposited on the airways in the Idogeg an
inhalation(Rees et al., 198 Newman, 1985Chrystyn, 199%

A summary of theaerodynamic characteristics of the dose emitted fronmtzaer is
presented in Table 2.1(Laube et al., 2001 These terms are derived fromiiro

measurements
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Table2.10. Definitions of conmonly usedn-vitro terms that describe an aerosol

(Laube et al., 2011

Term

Abbreviation

Definition

Labelled dose or
nominal dose*

The mass of drug that is available within the aerc
generator peractuation. This is the dose that
metered.

Total emitted dose TED The mass _of drug _emltte_d per actuation that
. actually available for inhalation at the mouth.
or delivered dose
Fineparticle dose FPD The mass of particles, 5 mm in size within tbeal
P emitted dose.
Fine-particle FPF The fine particle dose divided by the total emit
fraction dose.
. dae The diameter of a fictitious sphere of unit density
Aerodynamic cm3 g ;
) ) g-"™) that has the same gravitational (settlir
equivalent diameter L .
velocity in the same gas as the actual particle.
Mass medlz_an dae,um or The MMAD divides the aerosol size distribution
aerodynamic MMAD

half. It is the diameter at which 50% of the partic
of an aerosol by mass are larger and 50%auadler.

*6
The GSD measures the dispersion of part
diameter and is defined as the ratio of the mel
diameter to the diameter at j1 SD (s) from the me«
diameter. In a cumulative distribution plot of tl
aerodynamic diameter and mass of particles, the (
is calculated as the ratio of the median diameter tc
diameter at 15.9% of the probability scale, or the r
of the diameter at 84.1% on the probability scale
the median diameter. Aerosols with*® ' D
considered polydisperse. Most therapeutic aerc
are polydisperse and have GSDs in the rangeff 2

diameter

Geometric standarc 1J RU
deviation

* Lung deposition can be presented as a percentage of the nominal or emitted dose. Note that
these two parameters are not the same.

Drug delivery via the pulmonary airways is more complex than oral thefapy.
achieve successful therapy requires a delivery systemdivatg an inhalation
generates drug particled an appropriate size, that have ttapability to penetrate
beyond theoropharynx and larynx and deposit onto the target area in the lungs
(Labiris and Dolovich 2003 to have a pharmacological effe@yron and Patton,

1994).
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To achieve effective targeting within the airygathere are a number of factors that

can govern the petration and deposition of inhaled aerosols. Aerodynamic diameter

is generally thought to be the most important particle related factor that affects
aerosol deposition. ure 2.10 shows that there is ralationship between
aerodynamic diameters and lungpdsition (Kébrich et al., 1994 There are three

main mechanisms of particle deposition that have been suggested to be responsible
for the deposition of inhall aerosol particles depending upon on their size. The three
main mechanisms are impaction, sedimentation and/iian diffusionas shown in

Figure2.11

Figure 210. The relationship between aerodynamic diameter and lung deposition
(Kobrich et al., 1994Laube et al., 201).
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Aerosol Inhalation

- ] i, e

[ B N

el
1
i \
} T~
I S
4
]
)
T
4
1

g __Inertial Impaction

Gravitational
Settling

g ____Brownian Diffusion
Electrostatic
Force

NV E
N Ny )
S R J/
Interception N
P \

Aerosol Flow
Aerosol Flow

Figure 211. Respiratory drug particles deposition mechanisms in human(Yung
and Chien., 1997

This figure also shows that other effesch as interception impaction and
electrostatic forces are responsible for sategosition in smaller airway$leyder et

al., 1986. Inertial impaction (inertial particle transport) ia physical phenomenon,
which mainly influences the degition of larger particlesWhen the dose is emitted
from an inhaler the airflow(at the mouth)is fast especially from a pMDIThe
particles in the mitted dose join the airflow down into the airways. In the mouth and
down to the larynx and further down the trachea the airflow is fast and so large
particle (those larger than 5P ZLO O GH SR V\herfynig€al Ydiod. ThesR
particles will be swatlwed and the drug absorbed into the systemic circulation after
gastreintestinal absorption. &ticles< 5 um will enter the lungs via the right and
left bronclus and downnto the large airwaydere the airflow is still relatively fast
and thus particlegust below 5 P will deposit by impadbn at thebifurcation of

these larger airway@.abiris and Dolovich, 2003
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The second important mechanism Sedimentation i.e. 3JUDYLWDWLRQDO DW

whichis responsible for degition of smaller particle sized5um DQG WRZDUGV
As the inhaled airstream flows down the narrowing airvihgslow becomes slower

and slowerln the smaller airways of the conducting zone of the lungs the particles
are suspendeth a very slow moving airflowThese particles Wideposit due to
gravity. This process of sedimentatios proportional tothe aeralynamic particle

size and to the period during which the drug padigiy in the lung@Newman et

al., 1981aEverard 2003. Consequentlyne chance of sedimentation inases with
residence time in these more peripheral airmdyswman et al., 1982 For this
reasona breah holding manoeuvre aftean inhalation is importar(Everard et al.,

1997 Hillery et al., 2001

The third mechanism iBBrownian diffusion which is the primary transport
mechanism forvery small particle HVSHFLDOO\ WKRVH-1jtd RP P
diameter.The particles are suspended in a very slow moving airstream and move by
colliding into each otheandif they collide with the airway walhenthe particles
deposit otherwis¢éhey areexhaled(Labiris and Dolovich, 2003 This mechanism is
inversely proportional to the particle size and directly proportional with length of
stay in the lung¢Hillery et al., 200). Again a breath hold is important.

A high and slow airflonhas a profound effect on the overall deposition of inhaled
drug particles in the lun@Everard, 2008 An increase in the inspiratory flow will
enhance deposition by inertial impaction in the uppewas as well as the
oropharynx(Usmani et al., 2005 Also, an increased inhalatiomlume will lead to

an increase in the penetration of particles deeper into lung and thus enhance
deposition into the alveolar regiqPavia et al., 1977 Also, the period of breath

holding increasegarticle desition by gravitational sedimentation and diffusion
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(because it increases the time that particles stay in thgivand and Fink, 1999

Training the patient the correct inhalation technique improves drug delivehe
lungs(Newman et al 1991b, particularly in terms of the rate at which the patients

inhale, and the period of breath holdiflgewman et al., 1980Newman et al.,

19918H. The most significant factoriIRU SXOPRQDU\ GHSRVLWLRQ L
inhalation technique. Thiis covered extensively later.

In addition, important patientlated factors play a role in pulmonary drug delivery.
7TKHVH LQFOXGH WKH PRUSKRORJ\ RI WKH RURSKDU\
inspiratory volume and flow rate. Tterway calibre also influences the amount of

drug deposited into the airwaflspworth and Clark1997).

2.3.1Inhalation Devices and Drug delivery

A number of inhaler devices have been introduced to provide medications to the
lungs. The most frequently used inhalers are the pressurized metsedtalers
(pMDI or MDIs) and dry powder inhaler®PIs), whilenebulizers are sometimes

used in specific circumstances.

2.3.1.1Pressurized Metered Dose Inhaler (pMDI or MDI)

The pMDI was introduced in the 195, and the first portable multidose inhaler
designed to deliver a fine aerosol drug to the suf\aswani and Creticos, 1998
Fink, 2000Q. It is frequently prescribed to deliver inhaled bronchodilatog agoniss

and anticholinergc agent$ and antinflammatory agents (sticosteroids) for the
management of lung disea3de pMDI isthe most widely prescribed inhaler device
worldwide (Pauwels et al., 199T avorini and Corbetta, 200&nd.,it is still the most
popular inhalation method in the UR/aswani and Creticos, 199&rompton,
2004). pMDIs have a number of advantages in that they are compact, cheap,

portable, relatively inexpensive, providensistent dose emission, aa@ multidose

72



with up to 200 metered dogdewman, 1991 They areavailable to deliver different
inhaled formulatios (Lavorini and Corbetta, 2008A pMDI, shown in Figure 2.12
consists of a pressurisetlmnium canistercontaining the formulation that fits into
a holder which isthe mouthpieceThe nozzle of the canister fits into a holder which
has an aperture through which the dose is discharged freroathister when it is
pressed.Inside the canister aetering valve with a spring allows a dose to be
dispersed and emittedlhe formulation in the canister is traditionakyther a
suspension omicronized active drug suspended or dissolvea propellant The
formulation also contains surfactants andricgnts (Newman et al., 198)aas

appropriate, to maintain tteetion of the springalve.

Speay mist

Figure 212. A schematic of the pMD{source:

www.solvaychemicals.com/docroot/fluor/static_files/images/solkane 227 134a _pha

rma applicatioh

Pressing the topf the canister inWKH DFWXDWRUYfYV PRXWKSLHFH
metering valveresulting inits contents being expelledhe liquefied propellants
vaporiseand provide the required potential energy to expleéteredisperse aerosol

of dropletsthat mnsist of tiny drug paicles. When the depression of the canister is
released the canister nozzle closes and the metering cup encases the next dose from

the formulation inside the canisténerefore, it is important to shake the pMDI
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immediately before dose actuatiomhe dose release pressure is3-5 times
atmospheric pressurius the initialvelocity of dose leaving the mouthpiece is high,
appoximately 100 k/hr or 70 miléisr. After dose actuation, thaerosol particles
rapidly decelerate and the propellant evaporddasing inhalatiorthe propellant gas

may cause cough, throat irritation and paradoxical bronchoconstristidst the

cool temperature hitting the back of the throat can involuntaiiW RS WKH SDWLF
inhalation.This latter pheamena is called the Colreon Hfect (Crompton, 1982a
Newman and Clarke, 1983There is a high degree of epharyngeal deposition
which is enhanced if there is inadequateoodination of the start ofrainhalation

and dose actuatioand whenthe inhalation igoo fast(Crompton, 1982aNewman

and Clarke, 1983 Poor ceordination and inhaling too fast are common problems
(Al-Showair et al., 200JaThese commoproblems associated with pMDI use are

the reason why most patients cannot use pMDIs correctly, even after repeat tuitions
(Crompton, 2004: Crompton et al., 2006: Virchow et al 2008) overcome these
problems associated with pMDIs, breath actuated pMBI&-gMDIs), spacers
(Bisgaardet al., 2002, and dry powder inhalers (DPIs) have been introduced.

until recently, the propellants used in the pMDI formulations reve
chlorofluorocarbons (CFCs)hese were very useful dispersion mediums tfa

drug substance and other excipierfdéoung et al., 2008 Traditionally all
formulations were a suspension of micronized drug particles suspended in the CFC
propellant Due to the damage to the ozone layer by CH@slina and Rowland,

1974 and in accordance with the Montreal Proto¢d®94 on substaces that
depletethe ozone layer, the CFCs have been now been replaced with the more
environmental friendly hydrofluoroalkanes (HFAs). This change is now almost

complete and at present time there are only a few pMDIs that still contain CFCs
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(Laube et al., 2091 The hydrofluoroalkanes (HFAs) have different physical and
chemical properties which meant that@DIs had to be reformulated@he primary
aim was to formulate pMDIs with the sarmdese emission charactglics as their
CFC counterprts(Cripps et al., 2000

The HFAs have a higirboiling point than CFCs. Hence, the HFA formulatemit

an aerosol with a slower velocity at initial release &nd warmer(Gabrio et al.,
1999. Thus he potential of the Cold Freorfféct and orepharyngeal depositiois
reducedwith agreater ptential for bettetung depositior{Leach et al., 1998

The reformulation of pMDd with HFAs did present a challenge to the
pharmaceutical industry because different excipients were required. Most products
were formulated with dose emission characteristics similar to the-pBHQ
courterpart but this was not possible for some drugs. Hence sortieosteroids,
notable beclomesonedipropionate were difficult to reformulate. This problem was
solved by formulating aolution rather than asuspension of drug particle$his
meant thathe aerosolised dose emittechtained much smallgrarticles referredto

as extafine or ultrdine particles. This produced a significant improvemeniuirg
deposition increased systemic deliveand clinical efficacy compared tits CFC
counterpart(Leach et al., 1998Leach et al., 2002 Figure 2.13 shows the lung
deposition (53%) from a HFBDP compared (4%b)o a CFC BDP(Leach et al.,
2005.

The greater lung deposition is due to the fact thease HFApMDIs emit extrdine
beclome#ssone dipropionatgarticles with a MMAD of 1.1pn (Fergusson et al.,
199]). It also leads tomore efficient peripheral lung deposition and lower
oropharyngealdeposition compared to the CHGrmulation (Leach et al.,, 1998

Leach et al., 2002
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HFA - BDP CFC - BDP

Figure 213. Scintigraphic images @&nhanced lung depositidrom HFA-BDP
versus the same patient inhaling CBOP (Leach et al., 2005

Consequentlythis formulationhas been shown to provide equivalentclinical
response ahalf the dose ofthe innovatolCFG-BDP (Becotid€, GalxoSmithKline)
formulation (Busse et al., 1999The brand name of this product is JVdfTeva
PharmaceuticalsAn alternative approach f@DP wasto reformulate pMDIs with

HFA propellantsusing Modulite® Technologyto control the size of thearticles
emitted from the pMDI(Ganderton et al., 2002Lewis et al.,, 200p The
aerodynamicharacteristiof the emitted dosare the same as the CIBDP pMDI.

The dose for this product, Clefi{Chiesi Pharmaceuticals), is the same as that of the
innovator product. Due to the difference between the recommended doses for Qvar
and Clenif the MHRA have recommended that these pragisicbuld be prescribed

by brand nameBecotide has been discontinued.

2.31.1.(a) Spacers

In the 1980s spacers were introduced to overcome thardooation problems
associated with the use tfe conventional pMDI. Spacers act as a simple extension
tube attached to the pMDI mouthpgethat is designed with a chamber to enable the
dose emitted from a pMDI to slow dowhhe patient inhales from a static cloud and

this helps with better lung depositigBarry and O'Callaghan, 199Richards et al.,
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2007, Roller et al., 2007 Lavorini and Fontana, 2009The large particles emitted
from a pMDI are left in the spacduring an inhalation. Oropharyngeal deposition is
reduced(Toogood etl., 1984 and there is also a reduction in the systemioef
because less is swallowdBarry and O'Callaghan, 199®ichards et al., 2001
Roller et al., 200;7/Lavorini and Fontana, 2009

Spacer may improve the effect of inhaled medicatipasticularly for patients who
they are not able to use their inhaler (pMDI) propéBodden and Crompton, 1981
Newman and Newhouse, 1996Holding chambers have shown to improve
pulmonary deposition from approximate0% (with pMDI DORQH WR
(Newman et al., 1995bA range of studies have investigated ttadue of spacers
with regards to coordinatioiut the literature contains mixed resu#tsd many use
bronchodilator doseat the plateau of the dose response relationship

Godden and Crompton (1981) first demonstradéedimproved bronchodilatation
response in asthmatic patiebtgimproved FEV after using the spaceompared to
the conventional pMDI(Godden and Crompton, 1981in accordance to these
outcomes, a similar study confirmed that the addition of a tube extension
significantly inceaséd PEFR valuessomparedwith the originalpMDI (Langaker
and Hidinger, 198R Others have shown thatpMDI used wih a spacer provided
increasedUHVSRQVHV W Radfeh&yiobrddéhddila@dks, even for patients
with adequate technique comparedthe pMDI used aloneg(Fontana et al., 1999
Lavorini et al.,2004 Lavorini et al., 2006 Lavorini et al., 2008a In contrast, a
number of studieshave demonstrated that spacedid not add any clinical
advancement compared to a stangaviDI, since theravasno significant difference

in the bronchodilator effecGomm et al., 1980Epstein et al., 1993 However this

could be due to using dasat the top of dose response coufdewman, 198b
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Spacers differ by volume, length, shape, construction material and are valved or non
valved systems. Versions referred to as holdimgmbers contain a one way valve in

the mouthpiece which direct air that is exhaled out away from the chamber while
during an inhalation the ais pulled through the chamberhis type of spacer is
known as a valved holding chamber (VHC) and can be ugbdaw inhalation that

uses a armal tidal breathing patterispacers attached to pMDIs are recommended
for patients who have difficulties with pMDIs particularly ceordination
(BTS/SIGN, 2009 GINA, 2009. A spacer attached to pMDI is the recommended
inhalation method for chdren < 6 years old.

Figure2.14 ShowsWKDW VSDFHUV KDYH GLIIHUHQW VL]HV DQ
spacer (GlaxoSmithKline, UK) is the most widely used worldw(i@buffart et al.,

2001). It is a diamondshapedarge, valved spacer with a volume of 750 ml-viino

studies have shown an increased fine particle dose de(Baryy and O'Callaghan,
1994, andin-vivo studies have shown an increase in lung deposition compared to
the pMDI alone (Newman, 200% Another spacer with a large volume is the
Nebuhaler® spacer (AstraZeneca, Sweden) but thistasbeen discontinued. The
AeroChamber Plus® spacer (Truddell International, Canada) is a 149 ml tube design
that is available as infant, ibthand adult versions depending on the size of the mask.
These are colour coded; the version with an adult a mask is blue and this is also
available with a mouthpiece instead of the mask, children with a mask is yellow, and
for infants with a mask it isrange.(Kraemer, 199p Another spacethe Babyhaler®
(GlaxoSmithKline, UK) has avolume of 350ml (Newman, 2004 The
Nebuchamber® (AstraZenaca, Sweden) was made of metal and hestafati

properties but has mobeen witldraw.
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Figure 214. Different Types of Spaceis) Neubhaler Metal spacerB) The
9ROXPDWLF@E VSDF H)YN&bulalbr® sEandE TheSAereChamber
Plus® spacers (Trudell Medical Internatio(BMI), Canada

It has been founthat duringan acute attackhe use oimultiple single dosesf a

short D F W k-&dnist througha pMDI plus spacer is an effective alternativeao
nebuliser(Duarte et al., 20Q0Cates et al., 2003GINA (2008) also states that the

use ofa spacer attached topMDI is preferred during the treatment ah acute
asthma exacerbatiomstead ofusing a nebulizer A study demonstratedhat 5
separate doses from a pMDI and a spacer provided the same relative lung deposition
as 5mg nebulised from a jet nebulizer during acute exacerbations in patients with
asthma and COPMazhar and Chrystyn, 208

Despite, the efficiency of spacers and their advantages, they suffer from the obvious
disadvantageof making the spacemore bulky andless portablethan a pMDI

(Onyirimba et al., 2003Nair et al., 2008 This can affectpatientcompliance and
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acceptanc€Brown et al., 1990Newman, 2004 Recent studiesavehighlightedthe
SDWLHQWYV ODFN dty theFse¢lS ¥parer$ cvaheHdeDitegLenney

et al., 200D

Other problems associated with spacews that there are made of polycarbonate
plastic material and so are pronedevelop a static electrical chargn the inner
walls whichmay result in inconsistent medication delivébavorini and Fontana,
2009. Thus, the proportion of the inhaled dose may vamlaty with different
spacersChanging from one spacer to another may be unimportant with some drugs
but be critical for otherglLavorini and Fontaa, 2009. Static can be reduced or
solved bywashing a spacer with household detergent without rinsing it with water
and then allowing it to aidry (Kenyon et al., 1998 Also, coating the inner walls
with antistaticlining can reduce stati@'Callaghan et al., 1993The AercChamber
Plus will soon be introduced with an astatic lining. A non static spacerthat is
made of metahlso limits the effect of the static charge e.g. Nebuchahmbaet this

has been withdrawrThe Vortex, is a nonstatic spacer due to its extremely thin
metal layer on the inner surface of a plaspacer.Generic and comprehensive
instructions on the how to use a pMDI attached spacer have been published by
Laubeet al (2011).Table 2.11 showsameric and comprehensive instrucgam the

how to use a pMDI attached with a spaterube et al., 20])1
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Table 211. Detailed instructions on how to use pressurisetereddose inhalers

(pMDIs) with spacers: for patieste 6 yrs old

(Caregiver should determine if dild can perform this technique correctly)

1) Shake four or five times if suspension formulation.
2) Take the cap off.
3) Prime the inhaler (refer to the PIL for specific instructions).

4) Insert the mouthpiece of the pMDI into the open end of the spadeznsure a
tight fit. If a reverse flow spacer is used, insert the valve stem of the pMDI into the
port on the mouthpiece of the spacer.

3ODFH WKH PRXWKSLHFH RI WKH VSDFHU LQ WKH SD\
mouthpiece and the lips seakewund it.

6) Instruct the child to exhale slowly, as far as comfortable (to empty their lungs).

7) Actuate one dose into the chamber of the spacer and start to inhale slowly through
the mouthpiece. Some spacers will make a whistling noise if inspirattoo fast.

8) Maintain a slow and deep inhalation through the mouth, until the lungs are full of
air. This should take a child® s and an adult 5 s.

9) At the end of the inhalation, take the inhaler out of the mouth and close the lips.

10) Continue to bld the breath for as long as possible for up to 10 s before breathing
out.

11) Breathe normally.
12) If another dose is required, repeat stefid 1

13) If ICSs are used, rinse mouth afterwards.

2.3.1.1(b) Breath Actuated Pressurised Aeroso{BA-pMDI)

Breathactuated meteredose inhaler¢BA-pMDI) were introducedo achievegood
synchronsation between dose actuation and start of an inhalalioese devices
contain a conventional pressurised caniatigh a flow-triggered system driven by
spring to elease a dose automatically durthg start of an inhalatioNewman et
al., 1991b, so that firing and inhalingre automatically coordinated. Figurel2.
shows that lung depositidinom BA-pMDI is the same as good coordinatidrne
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Autohale® was the first to be introduced tioe market LQ W KH H D(Neéwiman 9V
et al., 1991p followed by theEasBreath®. The actuation occurs at flow of
approximately 20 L/mirior the EasiBeathe and@0 I/min forthe Autohaler(Hardy

et al., 1996Laube et al., 20)11In one study, only <5 % of patients werahie to
achieve the threshold inspiratory flow rate required for actuation of the Autohaler
and there were fewer errgfiSergusson et al., 198Icompared with using standard
pMDI (Molimard et al., 2008 These inhalerareconsidering agn alternave to the
standard pMDI for patients who an®t able to use a conventional pMDI correctly
(Bisgaard et al., 2002Figure2.15shows how lung deposition increased in patients
when they used a BAMDI.

30 -

25

% of aresol dose deposited into
un
|_\
Ul

Poor coordination Good Coordination Breath actuated

Figure 215. Mean (SD) lung deposition in good and poor coordinator and when the

poor coordinators used a breath actuated defmvman et al., 1993b

The effectiveness of BADMDIs wasreported ina large(n=5556) patient studgf
new asthmatig using GP visits andhe number ofSABA and ICS prescriptionss
outcome measure3he study showedhat the asthmatics using a BAMDI had
fewer prescriptions andsedless healthcare resourc@rice et al., 2003 The
EasiBeatre BA-pMDI has many features over conventional plgliiat includeease
of use with less frequent errof(senney et al., 20Q00Newman, 200¥% Moreover,

82



healthcareprofessionals found it easier to teach aatignts easier to learn anaol

use than a conventional pMDPrice et al., 1999 It has been found that therers
when using BApMDIs are less frequent than when using a standard pM&iney

et al., 2000 Crompton, 2001 The Autohaler BAoMDI can be used easily by
children over7 years oldPedersen and Mortensen, 1890

A major disadvantage of BMDIs is that thg areonly available with salbutamol

and BDP(Qvar®). Furthermore the licence for the beclometasdipeopionatedoes

not include children < 12 years of ageother disadvantage is their item cost but
they may prove to be cost effective in terms of resewaving in the long run
(Langley, 199%.

2.3.1.1.(c)The pMDI Inhalation Technique

Soonafter the pMDI was introduced thgoblens patients have using a pMDI were
first reported(Saunders, 1965 After the introductionof salbutamol(1969) and
beclometasonélipropionate(1972) pMDIs useincreased.The issuesabout pMDI
inhalation techniquesurfaced with reports from Paterson & Crompton (1976) and
Crompton (1982)Theseshowed that inhaling through the nose instead of the mouth,
involuntary stopping the halation phaséthe Cold-Freon Hfect) and ceordination
between the start of an inhalation and the release of a dose as well as not breath
holding after the inhalation manoeuvre were common mistakes made by patients.
Many reports have followed but only a few have highlighted that not using a slow
inhalation isthe most common error made by patieftdimmo et al., 1993
Hesselink et al., 20QJAl-Showair et al., 200Falncorrect or unsatisfactory use of
the pMDI technique may lead to a soptimal therapeutic effect, espechalfor
inhaled corticosteroidd his has been given as a reason why > 50% of adult patients

do not get the maximum effectiveness from their inhdl@rempton, 199))
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(i) Co-ordination between the start of an inhalation and actuation oflie dose

Poor ceordination between thstart of aninhalation andhe actuation ofa pMDI
canister is one of the most common mistakes that patients made when using pMDIs
(Newman et al., 1981&rompton, 1982pGanderton, 1997 Figure 2.15 showthat

in asthmatis with poor co-ordination lung depositionvas only7% compared to
22.8% in those with good cordination (Newman et al.,, 1993b Hindle et al
(1993a) using urinary salbutamol pharmacokinetic methodolsggwed that no co

ordination resulted in poor lung jpiesition asshown in Figure 2.16

5 4

% dose recovered as
unchanged salbutamol
[~

Good coordination No coordination

Figure 216. Mean andndividual values othe relative lung bioavailability of
urinary salbutamol after inhalation byo differentmanoeuvreg¢Hindle et al.,
1993.

The optimum actuation time (good-oodination) has been defined by Goodman et

al (1994)as0 to 0.2 seconds between the start of an inhalation and pressing the
canister to release dose. This isbased on the gamma scintigraphy studies of
Newman et al (1980; 1981a; 1981Mjlore objective confirmation of this time for
co-ordination was providedoy Farr et al (195). This study measured lung
deposition using gamma scintigraphy followingd8ferent computer controlled

inhalation manoeuvres.

84



¥ Slow/early: inhalation flow of 3Q/min and actuation after 300 ml hence the
time of ceordination is 0.6 s®nd

% Slow / late: inhalation flow of 3@/min and actuation after 3000 ml hence
the time of ceordination is 6 second

¥ Medium / early: inhalation flow of 90/min and actuation after 300 ml hence
the time of ceordination is 0.2 second

¥ Fast / early: inhalain flow of 270L/min and actuation after 300 ml hence
the time of ceordination is 0.lse®nd

¥ Fast /late: : inhalation flow of 270/min and actuation after 3000 ml hence
the time of ceordination is 1 second

Figure 2.17shows that the medium/early proeil the highest total lung deposition

andmorewasdeposited in the peripheral regions.
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Mean (SD) Deposition (%) at Lungs

o
I

Slow/early  Slow/late Medium/early Fast/early  Fast/late

Figure 217. The effect of cebrdination and flow rates on the mean (SD) lung

deposition from a Smart Mist pMQFarr et al., 1996
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Broeders et al (2003) measured electronic profiles of adult asthmatic and COPD
patients when they used a pMDI and used tB&econd criteria, recommended by
Goodman et a]1994) for good cardination.She and her cworkers found that co
ordination was inadequate in 40% of patients.

The recent transition to HFA propellants has resulted in two different formulations of
BDP (see sectio2.3.1.1) One formulationQva®) emitsextrafine paticles with a
MMAD around 1pm.A similar formulation of ciclesowle is also available in a
pMDI (Leach et al., 2006 A gamma scintigraphy study has shown that for pMDI
formulations that emiextrafine particles then eordination is not critical as shown

in Figure 2.18 (Leach et al., 2005 The study involed 7 mild asthmatics (mean

FEV: 91% predictedfLeach et al., 2005

Figure 218. Mean (SD) lung deposition of ultrafine beclometasone particles emitted

from a HFA pMDI following different inhalation manoeuvres.

The early wagimed at 0.5 seconds before the start of an inhalation while the late
was 1.5 seconds after the stéBubjects inhaled for 3 secondsth an inhalation
volume of about 3 Lwhich sugyest that there flows would be approximatély

L/min. Furthermore Newmaaet al (1980; 1981) reported that-oadination was not
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important as long as the patient had started inhaling with a slow flow rate. The pMDI
formulations usedn these latestudes would have been those that emit particles
sizes similar to those of the monon and traditioal pMDI with MMADS around

3um. Although this was supported by Tomlinson et al (2005) using urinary
salbutamol pharmacokinetic methodology the results are not consistent with those of
Farr et al (1995) with respect to-oodination timingand Newman et al (1981a,
1981b) did show that when inhalation flow was faster a late inhalation did iresult
decreased lung deposition.

In general most pMDI do not emit ultrafine particles (and of these there is only Qvar
that is commonly prescribed) amdost patients inhale tofast (Al-Showair et al,
20078). When there is no cordination or it is early thalung deposition will be

low. Although a late actuation with a slow flow does result in some lung deposition
and would not be a critical error thenaunt deposited in the lungs with good co
ordination is better.In general, the criterion for good -@vdination used by
Goodman et al (1994) and Broeders et al (2003), which was confirmed by gamma
scintigraphy (Farr et g11995),would be 0 to 0.2 secoad

(i) Slow Flow Rate

Studies have shown that a slow flow rate provides better lung deposition than a fast
flow. In the first study that reported about flow, seven patients inhaled using a flow
of 30L/min and 5 others used a flow of &min. Both groys used a breatfold of

10 seconds after each inhalation.-@dination for both was good and defined as
dose actuation soon after the patibatl started their inhalation. Mean (Sng
deposition was 14.3(2.0) and 9.2(1.6) % respectiy®gwman et al.,1982.
Previously this lung deposition data had been reported by a simultaneous

bronchodilator response in these patients; the percentage change in th€l6EV
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minutes post dosing) was 29.5(14.3) and 16.6(11.6)% following the slow and fast
inhalations(Newman et al., 1980

From the data in the above papers of Newman et al (1980; 198@Jintaa et al
(1994) defined an acceptable inspiratory flow rate betweef025min whilst a

more extensive review by Pauwels et al (1997) stated flows should be
<90L/min. This is confirmed by the data presented above by Farr et al (1994)
Figure 2.7.

Further evidence of better lung deposition with a slow inhalation was reported in a
study comparing gamma scintigraphpd urine pharmacokinetic methodology to
identity lung deposition of terbutaline inhaled from a pMBEewman, 199% The

study involved 8 healthy volunteers usingpatations of 30 and 180 L/mifigure

2.19 shows the difference in total lung deg@mn using the urine method:his
involved blocking the orally absorbed fraction with oral charcoal ewitecting

urine over a prolonged period post inhalation.
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Figure 219. Mean (SD) relative lung depositiofNewman et al., 1995b

In contrast gamma scintigraphy suggested thaetivas no differenc&his wasdue
to a problem with gamma scintigraphy when using a fast inhalation that is highlight

in Figure2.20 This figure shows that as expected there is more deposition in the
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central zone of théungs with a fast inhalatiorA part of this would be cleared by
mucociliary cleaance.In contrast urinary pharmacokinetic methodologies measure
drug cleared from the lundsllowing systemic deliverySince gamma scintigraphy
measures amounts cleared from the lungs by systemic absaptidyy mucociliary
clearance then care should be exercised when interpreting gamma scintigraphy data

when fast flows are used.

_ E slow(30L/min)

T Hfast(180L/min)

Terbutalin dose [%]
oSO B N W » O O N

% Central lung zone % intermediate lung % peripheral lung
(GS) zone (GS) zone (GS)

Figure 220. Mean (SD)depositioninto different zones of them lungs (from
Newman et al, 1995)

The above figure demonstrates that when the inhalation flow is fast then there is a
tendency for more central lung deposition at the expense of peripheral deposition and
that there is more peripheral deposition when tbe fis slow. Faster inhalation

flows give rise to greater deposition in the oropharyngeal @ekovich et al., 1981
Newman et al., 198)}b

Using a urine salbutamol method Hindle et al (1992) demonstrated that the slower
the inhalation flow then the better was the relative lung deposition as shown in
Figure2.21 Their slow flow was around 10/min whereaghe faster flow was 50

L/min. Usingthis method Tomlinson et al (2005) confirmed better lung deposition
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from slow flow in aghmatic patients and this was complimenbgdbetter protection

by salbutamol following bronchprovocation challenge with inhaled methacholine.

p < 005

PO

2 4 \
14 E‘ ?

Show Fast

% dose recovered as
unchanged salbutamol

Figure 221. Individual and mean relative lung deposition following slow and fast
inhalations (Hindle et al, 1992).

The study by Usmani et al (2005) quantified lung deposition using gamma
scintigraphy following inhalation of different particle skzndthe effect of flow (30
and 60 L/min). Figur®.23shows that therevasincreased peripheral and decreased
central deposition with slower flows and that the influencéavf is dependent on
the particle sie (hence MMAD) of the aerosollhey showed that flow has little
effect if extrafine particles are useth practice this would only apply to Qvar and
ciclesonide pMDIs whereas the majority of pMDIs have MMADS in tk |8n
range.Clinical evidence for the recommendation of a slow flov®Gi/min was
provided in the study by AlShowair et al (2007). When 36 mild asthmaticsi(FEV
71.4% predicted) were trained to use a slow inhalation flow with their pMDI (
90L/min) their Asthma Quality of Life changed by 0.74 (above the 0.5 clinical

significance value).
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Figure 222. Effect of fast and slow inhalatiorateson aerosol deposition in central
(C) and intermediatd ) andthe peripheral P) regions of the lung. Reproduced from
(Usmani et al., 2006

There was no change in their FEMhe authors concluded that the increase in the
Asthma Quiality of Life is due to their better asthma control and since there was no
change in their FEYV then the results reflect better deliyeof their inhaled
corticosteroids into the peripla@mregions of the lungs.

In summary an inhalation flow of SOL/min is the most acceptable when using a

pMDI and can be classified as a slow flow.

(iii) Inhaled Volume.

An inhalation that continues for as loag possible has beercoenmended (Laube et

al, 2011).Since it has also been recommended that patients exhale gently as far as
comfortable then amhalationfrom residual volume (RV) to totdung capacity
would be ideallt has been found that the alvabldeposition increase€40% for

each 1L increase the inhaled volume whea slow deep inhalation technique is
used(Pavia et al., 19797 Hindle et al (1993b) reported that relative lung deposition

was greatewhen subjects exhaled before theinalation as shown in Figure 2.23
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% dose recovered as
unchanged salbutamol
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Figure 223. Mean andndividual values othe relative lung depositiomhen
inhaling from residual volume (RV) compared with inhaling friumctionalresidual
capacity FRC) (Hindle et al., 1998

Farr et al (1994) reported that the inhaled volumesireé healthy volunteers when
they inhaled from a SmaNlist pMDI were a mean (SD) of 3.72(0.24) litres and
Broeders et al (2003) found 2.7 (1.1) litres in 10 mild asthmatics {FI%
predicted), and 2.9(0.7), 2.6 (0.2) and 2.3(0.2) litres in 16 mild, ddenaé and 16
severe COPD patientall these were highly trainetechniquesso theywould have
used an exhation before their inhalatiorkzarr et al(1995) reportedan inhalation
volumeforced expirtéory volume ratios of 70.5(3.%) for the inhalation n@oeuvres
with the highest inhalation volumeghis ratio for the best lung deposition (medium
learly +see above) was 61.0 (5.40. Goodman et al (1994) defined deep
inhalation as a ratio of 86 (based on the reports of Newman et 88Qt 1981,
1982 & well as Lawford et al, 1982; 1983).

(iv) Breath hold

Breathholdingis one of the essential stedaring the inhalation manoeuvfeaube

et al., 201} The principle of breath holding for as long as is comfortable after
inhalation is widely accepted as being essential for improved pulmonary deposition

(Newman et al., 1981&dindle et al., 1998 This allows inhaled particles to setife
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the airways by gravitational sedimentati@illery et al., 200} The likelihood of
sedimentation increases with the residence time in the aifi&xagrard et al., 1997
Suarez and Hickey, 2000 Consequently, breatholding is used to optimize
pulmonary drug deliver{Dhand and Fink, 1999

Newman et al (1982) showed thahg@y deposition in asthmatics was greater for a 10
second breath hold as shown in Fig@t84 They also reported that there was a
respective increase for deposition in the conducting airways and in the respiratory

portion of the lungs.

Figure 224. Percentages of dose deposited in the whole (Negvman et al., 1982
Similar results were repted for the relativéung bioavailability of salbutamol post
inhalation (Hindle et al., 1998 as shown in Figur€.25 In this figure a slow
inhalationwas used and thus like in Figu?e25 lung deposition does occur when

there is ndoreath hold because of the residence time from the slow inhalation.

93



p < 0-05

% dose recovered as
unchanged salbutamol

Breath holds (10 sec) No breath hold

Figure 225. Mean andndividual values othe relative lung bioavailability of

salbutamolwith respect to breath hold after inhalat{tindle et al., 1998

2.3.1.1(d) The pMDI inhalation technique and clinical effectiveness

The quantities of drug from a pMDI in the lung are sm@&kwman et al., 1981b
Borgstrom and Newman, 1993in that only about 120% of the emitted dose
reaches the lungs even when the correct inlosldagchnique is usg@Pauwels et al.,
1997). A high proportion of the emitted drug particles are depositehe mouth and
oropharynx.Nevertheless, incorrect amsatisfactory use of th@MDI may lead to

less than the optimal therapeutic respoffdewman et al., 198]1aDuerden and
Price, 2002 Everard, 2003Virchow et al., 2008 This issue opMDI technique is

more vital with the ICS than inhaled bronchodilators because the feedback of inhaled
bronchodiléor (as reliever drug) isn immediate response and th@sgients can
compensate from a poor technique by inhaling anotlese dChrystyn & Price,
2009). 7KLV SUDFWLFH LV D JRRG LQGLFDWRU WKDW WKH
to be checked.

The correct inhalatiortechnique when using pMDIs involves firing the pMDI while
breathing indeeply and slowlyHaughney et al., 20Q08continuing to inhale after

firing, and this should be followedy a breatkholding for around 8.0s (Ernst,
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1998 Crompton and Barnes, 20060 allow particlesedimerdtion (Newman et al.,
19810. Table2.12 describeshe ideal inhalation technique with a pMbat was
recently recommended by the ERS / ISAM Task Force (Laube et al, 2011).

Table 212. TheERS /ISAM task force recommendation for thikalation technique
when using pMDI ICaube et al, 2011).

1) Shake four or five times if suspension formulation.

2) Take the cap off.

3) Prime the inhaler (refer to tidL for specific instructions).

4) Exhale slowly, as far as comfortable (to empty the lungs).

5) Hold the inhaler in an upright position.

6) Immediately place the inhaler in the mouth between the teeth, with the tongue flat under
the mouthpiece.

7) Ensurehat the lips have formed a good seal with the mouthpiece.

8) Start to inhale slowly, through the mouth and at the same time press the canister to actuate
a dose.

9) Maintain a slow and deep inhalation, through the mouth, until the lungs are full of air.
This should take an adult8 s2conds, a child-3 seconds

10) At the end of the inhalation, take the inhaler out of the mouth and close the lips.

11) Continue to hold the breath for as long as possible, or up to 10 s before breathing out.
12) Breathe noraily.

13) If another dose is required, repeat stefif4

A large study investigatg the inhalation technique of 1173 asthmatic outpatients
using theirpMDI, found thatfifty -one perent had ceordination problem24 % of
these patients stoppeaahaling dter actuation (cold freon effecgnd 12% inhaled
through their nos¢Crompton, 1982 Other studies have shown that between 8
59% have poor or inadequaiehalation techniquesvhen using theirpMDI
(Cochrane etl., 2000 Broeders et al., 20090nly 7.6% of asthmatics could use
their pMDI with a slow and deep inhalation with goodardination and the most
common error wasnhaling too fastA series of studies performed by Crompton and

colleagues between 1982 and 2000 assessed the inhalation technique after the
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patients read the PIL. Between 2:B4% were unable to use their pMDI efficiently
even after reading the P(ICrompton, 1982pCrompton and Duncan, 198Benney

et al., 200].

When an Aerosol Inhalation Monitor was used to evaluate pMDI technique in clinic
settings a high incidence of errors wilspect to cerdination and flow were found
DQG WUDLQLQJ GLG QRW LPSURYH WKH SDWIAHQW TV S(
observationstudy using a checklist assessment of pMDI tecleigqu asthma
subjects and COPBhowed that at least 30 % of the patients nsdeast one or
more errorsand coordination technique was the essential mistake by all patients
(Hesselink et al., 2001In a real life study by Molimard et al (2003)et frequency

of errors through the pMDI increased with age particularly patients over > 65 years.
In addition to the traditional errors 31% of patients did not press the canister only
once during their inhalation. Aecent investigatical study has found a strong
associationf§=0.008) between the misuse of inhalers and older age in a large sample
of experiences outpatients. This later study also confirmed that inhaler misuse
correlated 1§<0.001) with an increase of hospital visits and good technique was
as®ciated with previous trainingMelani et al., 201}l A summary of some of the

inhaler technique reports is presented in Tahl&.
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Table 213. The percentage of patients making errors with each inhalation step as recommended by Laube et &dp@d t¢f¢rences: A
Epstein et al, 197 - Pedersen et al, 1986 - Pedersen et al. 198D - Scott-Smith, 1986 E - Horsley and Bailie, 1988 - Manzella et a.,
1989 G - Goodman et al, 1994 - van Beerendonk et al, 1998 Molimard et al, 2003; JMelani et al, 2011

Percentage (%) of errors user of inhalation techniques steps of pMDI based on tsteps in tablel
Ref (n) A (68) B (132 C (89 D (2)7 E (84) F (234 G (59 H (56) | (552) J (843)
Stepl 29 49 34 - 32 18 - 57 33.5 37
Step2 4 - - - 5 - - 5 - 0.15
Step3 - - - - - - - - -
Step4 - 45 51 0 58 23 - 66 30.4 50
Step5 - - - - - 19 - - - 9
Step 6 - - - - 15 30 - - - -
Step7 13 - - - 25 - - - 7
Step 8 34 55 17 40 47 68 25.5 33
Step9 43 67 28 45 26 3942 70 37.2 52
Stepl10 - - - - - - - - -
Stefd 1 43 42 39 59 66 31 24 53 31 53
Stepl2 - - - - 48 - - - - -
Stepl3 23 - - - 46 54 - - - -




2.3.1.1.(e)pMDI technique and asthma control

In the first studyby Saunders (1965) the bronchodilator response with respect to
inhaler technique was first reported and this was followed by others (Newman et al,
1980; Lawford et al, 1982; Rivlin et al, 1983; Lawford et al, 1983) and extended to
methatioline challenge (Tomlinson et al, 2005).

A largeobservational study of 3811 patients showed that about 76% of patiadée

at least an error when using their pM@iraud and Roche, 20p2nd that thie

asthma control deteriorated as the number of inhalation technique errors increased as

shown inFigure2.26
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Figure 226. Misuse of MDIs is directly linked to decreased asthma stability. (Giraud
& Roche, 2002).

In childhoodasthma Kemps et al (2003) reported that the inhaled corticosteroid dose
was decreased during detailed clinic management of children witmasand the

only other change vgathat their inhaler technique had improved. Anotsieidy
involving asthmatic chilcen reported that there was a significant improvement in
their inhalation technique and their overall asthma severity seohes a good
technigue was usgdlinai et al, 2004). In adult asthmatics that were trained to use a

slow inhalationflow with good ®@-ordination a clinically significant improvement in
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their asthma quality of life, of 0.74, was repor{adl-Showair et al., 2007aln a real

life study associations betweeinhaler misuse and an increased risk of
hospitalisation §=0.001), emergency room visitg<0.001), courses of oral steroids
(p<0.001) and antimicrobialg€0.001) as well as poatisease controlp&0.00001)
havebeen reported (Melani et al, 2011).

Therefore, many recommendations have been published stressing the fact that
patients should be trained how to use their inhalers efficianidythat there dose or
inhaler should not be altered unless their inhaler technique as well as their level of

complance has been asse$$6INA, 2011 BTS/SIGN 201}

2.3.1.1(f) Improving Inhalation Technique for pMDI and Training Tools

The correct inhalation technique by patients is vital for efficient drug deliaey,

so, it is important to improve inhalation tecique to achievethe optimum
therapeuticallyoutcomewith minimal side effectsimproving inhaler technique by
patients is crucial, resulting anincreasen theeffectivenes®f respons€Orehek et

al., 1976. Paterson and Crompton as early as 1976 have emphasised that patients
should be trained how to use a pMDI correctly in order to get maximum benefit.
Training patients can significantly improve the pMDI technique. Gayrard and Orehek
(1980) illustraed that only 28% of untrained patients demonstrated adequate
technique with a pMDI compared to 52% that had been trained. Also, Horsley and
Bailie (1988) found that the correct pMDI technique increased from 31% before
counselling, to 72% immediately afteounselling(Horsley and Bailie, 1988 A
number of studies have suggested tpMDI techniquestraining significantly
improve D SDWLHQWYfV WHFKQLTXH WKURXJK WKH S0', FRI
study the PIL Patient Information leaflet) onlyCrompton and Duncan, 1989

Nimmo et al., 1998 Demonstrations with verbal instruction have shown a
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significant improvemeinof pMDI technique with asthmatic childréKamps et al.,

2000 leading to reduced inhaled corticosteroid ddgesnps et al., 2004 However,

in a study of 100 adults tested for their ability to used#berent inhalers only 21%
werefound to use the inhaler effciently following instructiors associated with the

inhaler (Lenney et al., 2000 It has been found that even af@vDI technique
counselling and subsequent demonstration by patientg,50% used theipMDI
correctlysoon afterwordShim and Williams, 1980 Another study has shown that

using a multimedia programme for training inhalethigique was as good as using

the PIL (Savage and Goodyer, 2003 pMDI should only be prescribed patients

who have demonstratdtiatthey can use it correctlyLhis problem is compounded

by the fact that with time many patients lose the ability to use their pMDI correctly

(Shim and Williams, 1980and thus many pants revert back to an incorrect
inhalation technique within a short perigQuerden and Price, 200Zrompton,

2006 Lavorini et al.,, 201p TKH SDWLHQWTV LQKDODWLRQ WHFKQ
regularlyand they should reive repeated counselling and monitorthging follow

up (Kamps et al., 20Q0Crompton and Barnes, 200Broeders et al., 200%o0 that

there is improved disease contfdlaughney et al., 2008

A number of inhalation training aids have been introduced to help patients use their
inhalers correctly, these include; therosol Inhalation Monito(AIM, Vitalograph,

Ltd, BuckinghamUK),the 7RQH 7UDLQHUE &DQGD\ OHG-LFDO /W

Check Dial (Clement Clarke Ltd, UK).

2.3.1.1(i).1 Aerosol Inhalation Monitor

The Aerosolinhalation Monitor (Vitalgraph LtdUK) is an electronic devicthatis
attached toa placebo pMDI. It measure¢ KH SDWLHQWYV LQVSLUDWR

monitors ceordination The required inhalation flow is 480 L/min and good co
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ordination is related tdhis flow when the canister is depressed. Tperator

providesa subjective assessment of breath hold by pressing a button wherighe pat
comes to the end of thighe AIM is programmed to accept a minimum 5 second
hold between the end of the inhalatiand the end of the breath hold. Feedback is by

a green or red light system for cdoration, flow and breathold.

The device has been usgdmany studies to asseSDWLHQWVY LQKDODWLR
with a pMDI (Wilson et al., 1997 Wilson and Lipworth, 1999 A significant
increasean the percentagef correct pMDI techniquavas found afterS D W Lwéi@ W T V
trained with the arosol monitor(Skaer et al., 1996In acute asthma the device has
been used toerify correct inhalation technique of patients and as a trainer aid with
variable succesflLavorini et al., 2010. A practice based study by Hardwell et al
(2010) reported thah majority of asthmtc patientswere unable to use pMDlIs
correctly (inadequate ceordination and inhale too fast) and the trainigig not
improve their technique@ardwell et al., 2010 In contrasta community pharmacy
study reported that only 2 out of 33 patients used their inhaler correctly according to
the AIM and after training sessions this increased by a further 15 pdfsamtas et

al., 2003,

2.3.1.1(ii).2 2ToneTrainer

7KH 7RQH 7UDLQHUE &DQGD\ OHGLFDO /WG LV D W
inhalation flow rate when using a pMDI. This training device is a simple plastic tool

of similar shape and size to that of a pMDI but without a canister as shdviguire

2.27. Instead ofa canister thereDUH WZR 3UHHGV™ LQVLGH WKH GHY
designed to make a one tone sound when the inhalation flow rate exceeds 30 I/min.

Below 30 I/min, there is no noise and the inhalation flow is classified as too slow
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Above 60 I/min, thesecondreed is
triggered producing a twotone noise
(high pitch) and thigs classified as too
fast. Between 3®0 I/min (the ideal
inhalation flow rate through thpMDI)
there is only the one tone souteht
defines correct inhalation flow.
Figure 227. The 2ToneTrainer @dapted from Ashowair et al 2005
In a clinical study by AlShowair et al (2008 the potential othe 2Tone Trainer for
improvingthe pMDI technique of asthmatigatients was demonstrated. In this study
there were 3 groups: those with good pMDI technique without training (these
demonstrated good amrdination and inhalation flow €0L/min) +GT Group, one
group with inhalation flows of >0L/min that received veral pMDI technique
training before they left the clinicVT group and a final group (2T) that inhaled
with flows >90L/min and receive@MDI training plus the 2Tone trainer to practice
with before they left the clinic.
Figure 2.28shows that inhalationdiv in the 2T group decreased significantly more
than those in the VT group whilst those i t6T group remained unchangddhe
reduction in flows in the 2T group were accompanied by a decrease Asttiraa
Quality of Life score by >0.5, as shown irFigure 2.29 indicating asignificantly

clinical improvement in asthma control.
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Figure 228. The PIF of each individual using an MDI in tHef{, a) GT group,
(middle b) VT group, andright, ¢) 2T group(Al-Showair et al., 2007a
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Figure 229. The AQLQ score of each individual using an MDI in thedt(a) GT
group, (iddle b) VT group, andrfight, ¢) 2T group(Al-Showair et al., 2007a

2.3.1.2 Dry Powder Inhalers (DPIs)

Dry powder inhaler¢DPIs) were originally introduce in order to avoid the known
environmentalproblems ofthe CFC propellans and the poor inhalationtechnique
associated with@DIs (Vidgren et al., 1988Prime et al., 1999Tarsin et al., 2006
Virchow et al., 2008. All DPIs are breattactuated, so patients do not have to
coordinatebetweennhalation and actuation, therefore many patients findsDRich
easier to use than pMB(Bisgaard, 1997Cegla, 2004Virchow et al., 200Band a

convenienglternative for some patnts(Svedmyr et al., 1992
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The first portable DPI introduced to the market was the Spinhaler® f}igod970

for the ddivery of disodium cromoglycatéBell et al., 1971Sanders, 2097

The first salbutamol DPI was the Rotahal&laxoSmithKline, UK) which was
introducedin 1977 (Hetzel and Clark, 1937Both these devices were a singlese
system with a hard gelatine capsule contgra formulation of the dosé& his was
followed by the Diskhaler GlaxoSmithKline, UK), in 1980 that contained
formulations of salbutamol, beclometasomigpropionate and later salmeterol
xinofoae formulationssealed inside a blisteA disk containing 4 o8B blisters was
inserted into the inhaler by the patient and replacedwalighe blisters were empty.
Other DPIs weralsointroduced to the market using different dosing principles. The
Turbuhaler (AstraZzenec&JK) which was launched containitgidesonide, in 1988,
was thefirst multi reservoirtype device(Wetterlin, 1988. The Diskhaler was
followed by the Acchaler (GlaxoSmithKlineUK), known as the Diskus outside the
UK, in 1994 as a mukHiinit dose systerfPover et al., 198&hat containghe sealed
blisters containing the formulatignon a strip mside the deviceOther multiple
dosing reservoir DPIs followed (Clickhaler, Easyhaler Pulvinal, Novolizer and
Twisthaler) all with different dose emission characterigi@isrystyn, 2006 On the
basis of these historical developments, DPIs are often classified depending on the
device design, whether angle-dose multi-dose or multi unidose(Srichana et al.,
1998.

DPIs are breathctivated, s@oordination of inhalation @hactuation is not required
andthis makeghemeasier to use compareda@MDI. Switching patientshat have
difficulty with coordinating pMDIs to DPIs has resulted in an improvement in
outcomes(Borgstrom et al., 1994 However breath actuation can be also lee

disadvantage for DPIs becaumse initial highly inspirabry flow rate is required to
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de-aggregate théormulation of adry powder isidethe DPI into respirable particles
Hencea forceful inhalation is requirg@orgstrom et al., 1994Puring an inhalation
each DPI requirea certain minimum inspiratory flow to producespigable particles
and this could ban importanpotential limitation of DPIs amentioned in thdable
2.14 (below). Studies have shown that patients with asthma especiallys¢pol)
children (Pedersen et al., 199@nd those with COPRAI-Showair et al., 2007b
have problems achieving these minimum flows through some DPIs and that
inhalation flow is reduced during acute exacerbati(Besntur et al., 2004 The
recommended technique for DPIs is a forceful, deep inhalationk, 2000
Anderson, 2001Laube et al., 20)1from the start thatsi maintainedor as long as
possible(Laube et al., 2001 The main advantages and disadvantagésDPI| are
presented in Table 2.14

Table 214. Advantages and disadvantages of dry powder inh@degpted from
Chrystyn & Price 2009a)

Advantages of DPIs Disadvantages of DPIs

Breathactuated and so no | Some are single dose
need for patient coordinatio Some neetb be shaken before use

required Dose preparation errors can be critical mistakes
No propellant Attention required to orientation of inhaler durin
Most have dose counters | and after (before inhalation) dose preparation
Short treatment time Flow dependent dose emission
Small and portable Needs a fast acceleration rate at the start of the
inhalation
Poor quality (or no) dose emitted if inhalation flc
is too slow

Uncertainty of dose emission during acute
exacerbations

Can result in high orpharyngeal deposition
More expensive than MDIs

Need to be stored in a cool and dry place
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2.3.1.2.(a)De- aggregation of the brmulation in a DPI

In DPIs, the drug is formulated as finely micronized particles in a reservaoir, blister or
gelatine capsules. To ensure tik@lihood of drug deposition in the airways during

an inhalation then particles 5um needto be emitted from an inhalein general

these particles do not have good flow properties because of their size, their surface is
not smooth and #hsurface has static chargeAll these lead to poor powder flow
properties whereas good powder flow is required for the formulation in a DPI. Good
powder flow is essential during manufacture to ensure consistent and reproducible
filling of inhalers or dose measuririgr capsules and bliste®PIs thatare designed

with a reservoiito contain theormulation and dose metering occurs prior to patient
usealsorequire good flow progrties to ensure that dosirggaccurate and consistent.

The formulation for a DPI is therefore modified to improve its flow properties. Often
the micronized active drug is mixed with large inert carparticles, normally
lactose which prevents aggregation and imprevee flow ofthe formulationSome
reservoir DPIs, notably the Turbuhaler, do not contain a coarse carrier and their drug
particles are formulated as sphereschhhave good flovwproperties. Whethe dose

is low (e.g. formoterdl then lactose is used as bulking agehien the spheres are
formulated for the Turbuhaler.

Currently, all DPIs are breatictivated devices and rely on the inspiratory effort of
the patient to release the powder dose fromntle¢ered cupthe dosing disk, the
blister or the capsulelhe same igpiratory effort alsgrovidesa turbulent energy
(measured as pressure changejource inside the inhalation channel of the DPI
between the exposed dose (after dose preparation) and the exit of the mouthpiece.

This energy is created inside the inhaler thg interaction between the internal
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resistance of the DPI and the inhalation flg@lark and Hollingworth, 1993

according to the relationship
¥Y=0QxR

Where P is the turbulent energy, Q is the inhalation flow and R is the resistance. The
turbulent energy is represented by a pressure change inside eachrbBltde
inhalation manoeuvre?ressure is measured by various units (all are related) with
kilopascals (kPa) used for DRithough cmHO are sometimes used (1kPa=10.1972
cmH,0). HenceDPIs are classified as passive inhalers. This energy breaks-up (de
aggregates) and transforms the metered powder formulation-gdrtigr) into an
emitted dose that contains @ anrd MMAD that havethe potential for lung
deposition(Chrystyn, 2003 Chrystyn, 2008 Figure 2.30 described the process of

de-aggregation in the inhalation channel of a DPI.

Figure 230. Schematic design of the -@ggregation of the met DPI dose during
an inhalation (Chrystyn, 2003).

The large carrier particles, such as lactose, emitted after taggilegation will
impact in the mouth and the epharynx and be swallowed sufficientinhalation
flow rate (FR) should be generateduring an inhalationto create an internal

turbulent energy thas cgpable of deaggregatinghe formulationand generating
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resprable dose from each DPI devi¢Ritcairn et al., 1994Srichana et al., 1998
Barnes, 200QaBroeders et al., 2003Broeders et al 2003k Virchow et al., 2008

The faster the inhalation flow through a DPI then the greater energy will provide
more efficient breakip of the formulatiorfChrystyn, 2008

2.3.1.2.(b)DPI internal resistance

The internal resistance of a DPI is a consequence of its dasigopntains elements

of flow restriction to increase the kinetenergy of the air flow through the device
during an inhalation. Local pressure drops or high air velocities are necessary for
adequatede-aggregation as well afose entrainment in the inhaled airstream from
the metering cup inside the DPI. The resistan€ a DPI can be classified with
respect to the inhalation flow required to produce a pressure drop of 4kPa with an
inhalation of 4 litters and can be measured using the above equation by altering the
flow (from 10 to 100 L/min) and measurirtige correspoding pressure drofzach

type of DPI has its own unique resistandgch rangesfrom those withhigh to low

(Clark and Hollingworth, 1993 aube et al., 20)1as shown irFigure2.31

204 Handihaler
Easyhaler
;C_)\16- Twisthaler

Clickhaler
Turbuhlaer

[y
N
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Diskus

Aerolizer

Spinhaler
Rotahaler

¥Wressure Drop (cm H,
[e¢]

/

(0] 20 40 60 80 100 120
Inhalation Flow (L/min)

Figure 231. The resistance of different dry powder inhal@krystyn, 2009
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The figure confirms why Laube et al (2011) classified the resistance offidRis

low (Aerolizer) tomedium (Accuhaler)nto medium/high (Turbhider) then to high

(Easyhaler)Figure2.32 also reveals that for a set turbulent energy the flow required

through a DPI with low resistance will be faster than that required ghrauDPI

with high resistancerhis is a concept that is misunderstood by many because they

focus on flow in isolation whereas it is turbulent energy that is impofaethigher

the resistance and theUHDWHU W KH Sbstittidrghénhe [1onetwid ez

their inhalatimn flow as shown iffable a2.15 and Figure 2.32 (Chrystyn, 2009).

Thus low flowdoes not necessarily translate to inadequate turbulent energy-and de

aggregation during patient use

Table 215. Mean (SD) inhalation flows achieved by petis (classigd according to

the severity ofheir diseasetmild, moderate and sexe) using different inhalerbl

is the number of patients, age is reported in years and inhalation flows in'L min

ASTHMATIC CHILD

ADULT ASTHMATIC

COPD

Severity

MILD

MOD

SEV

MILD

MOD

SEV

MILD

MOD

SEV

N

101

20

8

7

10

13

34

36

25

Age

10.5
(4.2)

9.5
(3.6)

10.3
(3.2)

48.3
(14.7)

53.3
(19.7)

66.0
(10.0)

785
(10.2)

75.6
(9.4)

72.6
(9.9)

MDlI

112(16)

98(24)

109(18)

>120

111(15

106(16)

102(21)

100(23)

95 (28)

Aerolizer

102(22)

82 (26)

91 (16)

108(16)

84 (22)

81 (23)

69 (21)

72 (24)

64 (22)

Diskus

87 (23)

71 (23)

80 (17)

92 (19)

71 (22)

70 (21)

60 (17)

63 (21)

56 (16)

Turbuhaler

72 (17)

58 (18)

66 (12)

76 (21)

56 (19)

54 (18)

47 (13)

48 (16)

43 (14)

Clickhaler

73 (16)

57 (16)

65 (11)

72 (21)

54 (18)

53 (18)

47(13)

48 (17)

42 (14)

Twisthaler

58 (12)

47 (14)

53 (10)

60 (18)

45 (16)

44 (15)

39 (11)

40 (14)

35 (11)

Easyhaler

54 (11)

43 (14)

49 (7)

55 (13)

40 (12)

40 (12)

33 (10)

35 (13)

31 (10)
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Figure 232. Mean (SD) peak inhalation flows of asthmatic patients through different
DPIs (AERO Aerolizer, ACC tAccuhaler, TBH£Turbuhaler, PTWH+
Twisthaler, HANDI tHandihaler).

Several, studies have shown that DPIs with a higher resistance provide more lung
deposition than those with a lower resista{@ark and Hollingworth, 1993
Chrystyn, 2002 This is due to the effects of inhaling against a resistance
(Borgstrom, 2001 It could be also be due to the momentum of particlesleadhia

that during a slow inhalation lesgll be deposited in the orpharyngeal zone and

more will penetrate into theeripheral areas of the lungs.

2.3.1.2.(c)Flow dependent dose emission

The above equation of Claiand Hollingworth (1998 describeghat for the same

DPI then the faster the inhalation flow then the greater will Hee denerated
turbulent energyThis will lead to more efficient daggregation of the dos®oss

and Schultz (1996) reported that dose emission from a salbutamol pMDlowvas n
affected by flow but there was a difference between the dose emission from a
salbutamol Diskhaler when using a slow and a fast flow as showigume 2.33
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They reported similar results for a salbutamol Rotahaler and a terbutaline

Turbuhaler.

Figure2.33. Mean (SD) dose emission from a salbutamol pMDI and Diskhaler at

different inhalation flows (Ross & Schultz, 1996).

Hill and Slater (1998highlightedthat deaggregation was inhalation flow dependent
by reporting a higher fine particle dose with flow froam Accuhaler and a
Turbuhaler.De Koning (2001)nvestigated the effect of both PIF and IFR on more
than one DPI device and concluded that the Tualarhis highly sensitive to IFR,
producing a maximal fine particle fraction of 50% of label (budesonide) at 60L/min,
while 23-33% for the fluticasone Diskus. Also he observed that the Accuhaler and
Cyclohaler are only slight IFR dependentde Koning, 200L A further study
conformed the greater flow dependent dose emission from the Turbuhaler compared
to the Accuhaler and the EasyhalPalander et al., 200@nd from a single capsule
DPI, the Aeolizer (Weuthen et al., 2002

An ex-vivo study by Tarsin et al @6)alsoconfirmed these resslby reporting that

the respirable dose emitted from the Seré&tifliskus was more consistent and
independent of IFR, while that from the Symbiorffurbuhaler DPI (

$VWUD=HQHFD 8. ZDV PRUH GHS aignGIehQTarsiR & aW KH S D W
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2009. In this study the authors collected electronic profiles of severe asthmatics
when they inhaled through a Seretide Accuhaler and a Sym@iodouhalerand
then replayed these in the electronic lung. They showedethggregation changes

with flow by reporting the FP®andMMADS as shown irFigure 2.34and 2.35

Figure 234. The fine particle dose emitted from (a) Symbicort Turbuhaler and (b)
Seretide Accuhaler when each electronic profiges replayed in the el&onic lung
(Tarsin et al, 2006

Figure 235. The mass median aerodynamic diameter of the dose emitted from (a)
Symbicort Turbuhaler and (b) Seretide Accuhaler when each electronic profile was

replayed irthe eletronic lung (Tarsin et al, 2006

The flow dependent dose emissiphenomena havied to a debate on the optimal
inhalation flow for each device and many studies have been carried out on how

patiens can/cannot achieve thftow. It has been showthat the invitro dose
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emission characteristics translate to flow dependiemg depositionas shown in

Figure 2.3 Newman et al, 1991; Borgstrom et al, 1994).

40-

F(i= (a)terbutaline (b} budesonide

30=

15

20
10=

LUNG DEPOSITION (% OF THE DOSE)

30 0 0" 30 60
Inhalation Flow (L/min)

Figure 236. Mean (SD) flow dependent lung deposition from a Turbuhaler (a)
terbutaline (Newman et al, 1991) and (b) Budesonide (Borgstrom et al, 1994).

The studies in figure 2.36 revealed no charge in the peripheral: central lung zone
ratios. Thesmall MMADs with high flow will counteract the increased tendency for
more central the lung deposition

Differences in the invitro and invivo lung depositionresults were show to translate

to different clinical responséNielsen et al., 1997 However somaespamse was
obtained at low flowsTherefore the argument about flow dependent dose @missi

is not clinically relevant.More importantly there is a flow below which -de
aggregation of the dose is inefficient as shown by thetio study reported by
Nadarassan et §2010)that is shown in Figure 2.37This study used a formoterol

Turbuhaler.
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Figure 237. The effect of flow on the MMAD (dashed line) and the FDP (continuous

line) of formoterol from a TurbuhaléNadarassan &il., 2010

The above figure shows that for the Turbuhaler there is a flow below which-the de
aggregatn of the dose is inefficienthis is highlighted by marked change in the
MMAD and theFPD below 30L/minA patient study, involving asthmatic chilare
measuring FEYresponse to inhaled terbutaline confirmed theiiro resultsin that
there is a critical flow bele which deaggregation occurd he results of this clinic

study are described iRigure 238 (Pedersen et al, 1990).

Figure 238. Mean response post inhalation of terbutaline from a Turbuhaler at

different inhalation flows.
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The above figure also demonstrates that caution should be exercised when
interpreting bronchodilator redts in studies using inhalerszigure 2.38clearly
shows tle lack of a difference betweerthe 30 and 60 L/min resultsuggesting
measurementat the top of the dose response curve. The main issue with respect to
flow from a DPI is the ri@ below which therapeutic responseréduced (Laube et al,
2010).The Easyhale(Koskela et al., 2000and ClickhalefNewhouse et al., 1999

have bothbeenshown to be effective at inhailan flows below 30 L/min. Both these
DPIs have a higher resistance than the Turbuhaler and so the turbulent energy
equivalent to that in a TurbuhalerliAbe achieved at lower flowd his observation
consolidates why inhalation flows should not be considién isolation and that it is
irrelevant to compare a low flow through a high resistance DPI directly to a faster
flow through a DPI with low resistand@zouz and Chrystyn, 20)2Neilsen et al
(1998) reported that the Accuhaler was clinically effective at flows of 30L/min while
for the Handihale(Chodosh et al., 200%his is probably below @ L/min whereas

>90 L/min needs to be achieved through the low resistance Aer(Mimdsen etal.,

1997).

2.3.1.2.(d)Patient inhalation flows through DPIs

Studies have shown that patients with asthma especially children (Pedersen et al,
1990) and those with COP[AI-Showair et al., 200jbhave problems achieving
these minimum flows through some DRisd that the inhalation flow is reduced
during acuteexacerbationgBentur et al., 2004 The Easyhaler has been shown to be
effective at low flavs even when the peak inhalation flow rate wa&/b&in because

it has highresistance(Malmstrom et al, 1999)Figures 2.3%and 2.40show the
inhalation flow rates of children when they use a Turbuhaler (Pedersen et al, 1990)

and an EasyhaléMalmstrom et al., 1999
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Figure 239. Inhalation flows of children when they inhale through a Turbuhaler

(Pedersen et al, 1990).

Figure 240. Inhalation flows of children when they inhale through an Easyhaler

(Malmstrom et al., 1999
A summary of the inhalation flows of patients through diffel@Rtsis presented in

Table 2.16
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Table 216. Patient inhalation flows when they use inhalers.

Patients | Comment | reference
Turbuhaler
74 COPD Mean FEV, 41.9 (12.8) % predicted. Pre counselling <364804060 and 60 L/min | Nsour et al, 2001.
numbers were 14, 31, 23 and 6. Post counselling these changed to 7, 16, 41 and
Mean FEV 57.0 (18.9) % predicted. Pomunselling mean (SD) PIF 48.0 (16.8) and | Hawksworth et al, 2000
24 Asthmatic post counselling 54.7 (17.6) L/_min. Inhaled volel pre and post counselling was
1.75(0.68) and 1.94(0.62) L. Time to peak 0.54(0.46) and 0.43(0.23) seconds. 5
<30 pre counselling and 3 post counselling
Mean FEV, 47.8 (9.9) % predicted. Mean (SD) PIF was 45.91)LUmin. Pre Al-Showair et al, 2007
163 COPD counselling numbers <20, 29, 3059, >60 were 4, 19, 114 and 26. 84 patients
verbally trained and the 15 that inhaled <30 changed to 10
20 Svere Mean (SD) PEFR 52.7(6.0) % predicted. Mean (SD) PIF 76.8(26.2) L/min and inh| Tarsin et al, 2006
asthmatics volume of 2.4(0.8) Litres. Patients highly trained.
110 COPD Mean (SD) FEY of 0.70(0.21) litres and PIFR of 53(12). Maximal inhalation. zero § Dewar et al, 1999
L/min. 83 generated 489 L/min and 32 >60L/min
18 COPD Median (range) FEV54 (3370) % predicted. Mean (range) PIF 59#% L/min and | (Derom et al., 2007

inhaled volume of 2.2 (1.38.42) Litres. Highly trained

48 COPD and 16
asthmatic

16 mild, moderate and severe. MeaB)®IF 76.0(4.6), 64.9(4.9) and 68.6 (4.1) L/m
before training and 85.4(2.2), 84.4(2.7) and 73.3(4.1) post training. No one <30L/r
Slope significantly increased post training. Inhaled volumes were 2.6(0.2), 2.6(0.3
2.3(0.2) litres pre and 2.8(0,2.9(0.3) and 2.6(0.3) post training.

10 asthmatics mean FEY6(7.8) % predicted. Mean (SD) PIFR 76.9(4.6) pre and
82.1(3.4) post. Inhaled volumes of 2.9(0.3) and 3.1(0.3) litres

Broeders et al, 2003

Asthmatic children

38 aged & years. Mean PIF wa&9L/min
39 aged 710 years mean PIF was 70L/min

(Stahl et al., 1996

Asthmatic children

34 aged 4 to 13 yearssee figure |
15 with an acute attack (4 and 5 years old PIF range-8614min 9 <28L/min

Pedersen et al, 1990

Asthmatic children

72, 36 in group Attraining (n=12 aged 34 and 5 years each), group B no training
(n=12 aged 3, 4 and 5 years eadgseline PIF values25 inhaled <30L/min

especially in 3 and 4 year old. Mean PIF after training in the 4 and 5 year olds in (
A was 46.4L/min compared to group B whichsag8.2 L/min (n=24 in each age grou

The latter increased to 40.4 L/min after they had been trained. In the 3 year olds

Agertoft and Pedersen, 1998
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A 28L/min and group B 33.2 L/min.

30 Adult FEV,88% predicted. PIF average of B8nin and range of 585 L/min (Meijer et al., 199p
asthmatics
101 Asthmatic | Four had a PIF <30L/min. Mean PIF was 59L/min range eé928min (Engel et al., 1989
adults

Acute asthma

99 with acute exacerbations. FEY.1(0.7) litres. Mean age 42 years. PIF with
Turbuhale was 152(77) L/min reduced to 60(20) with Turbuhaler. 2 patients less tl
30 L/min (both recorded 26 L/min)

Brown et al, 1995

Accuhaler

Mean FEV, 47.8 (9.9)% predicted. Mean (SD) PIF was 57.5 (17.9) I/min Pre

Al-Showair et al, 2007

163 COPD counselling numbers39, 3659, 6690, >90 were 0, 8, 79, 69, 7. 84 patients were

verbally trained and none inhaled <30 L/min
20 Svere Mean (SD) PEFR 52.7(6.0)% predicted. Mean (SD) PIF 94.7 (32.9) L/min and inh| Tarsin et al, 2006
asthmatics volume of 2.8(1.1) Litres Patients highly trained

48 COPD and 16
Asthmatic

16 mild, moderate and severe. Mean (SD) PIF 107.8.(7.2), 91.8(6.8) and 95.9(6.3
L/min before training and 124(2.8), 121.3(3.0) and 103(6.4) post training. No one
<30L/min. Slopssignificantly increased post training. Inhaled volumes were 3.0(0.2
2.9(0.2) and 2.6(0.2) litres pre and 3.2(0.2), 3.1(0.2) and 2.8(0.2) post training.
10 asthmatics mean FEY6(7.8)% predicted. mean (SD) PIFR 111.6(6.8) pre and
115.3(4.9) post. Inhatkvolumes of 3.1(0.3) and 3.3(0.3) litres

Broeders et al, 2003

Asthmatic children

N=129 aged 40 only 2 <30L/min+a 5 year old and a 10 year old..

Nielsen et al, 1998

Easyhaler

Mean PIFR 28.7(5.1) L/min. age rangéY years. Lowest Plwas 22 and similar

(Koskela et al., 2000

21 Asthmatics bronchodilation to MDI+spacer.
PEF 86(21)%predicted. 416 years old. Mean (SD) PIF was 56(15) L/min rang822| (Malmstrom et al., 1999
120 + 1,5 In the 15 PIF ranged from 480 L/min xsimilar bronchodilation to 200mcg salbutam
Asthmatics MDI+spacer.
93 COPD Mean (range) FEV51 (1896)% predictedThe mean PIF was 54 L/min (range®26 | (Malmberget al., 201D

L/min)
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Handihaler

Mean FEV % predicted 37.6 range of B%. Median PIF of 30.0 with a range of 20.4 to

(Chodosh et al., 2001

26 COPD | 45 6 Limin
Mean FEV 47.8 (9.9)% predicted. Mean (SD) PIF w&856(10.0Q I/min Pre counselling Al-Showair et al, 2007
163 COPD | numbers 20, 20-29, 30-59 were3251 and 7084 patients were verbally train@ out of 26
increased their flow >30L/min.
pMDI
163 COPD Mean FEV 47.8 (9.9)% predicted. Median (SD) PIF was {2®120) I/min. Pre training in Al-Showair et al, 2007
55 out of 84 inhaled >90 and only 7 post training.
16 mild, moderate and severe. Mean (SD) PIF 127.9(5.5), 134.0(8.1) and 142.1(14.7)| Broeders et al, 2003
before training and 118.8(3.9)17.0(5.3) and 115.4(6.2) post training. 22% inhaled
<90L/min pre and 21% after training. No one <30L/min. Slope significantly increased f
48 COPD and training. Inhaled vqlgmes_ were _2.9((_).7(, 2.6(0.2) and 2.3(0.2) litres pre and 2.9(0.7)2.¢
16 Asthmatic and 2.3(0.2) postdining. inhalation times of 1.7(0.1),1.6(0.2) and 1.3(0.2) seconds pre

1.7(0.1), 1.7(0.2) and 1.5(0.1) post training.
10 asthmatics mean FEY6(7.8)% predicted. mean (SD) PIFR 149.6(19.2) pre and
123.3(9.0) post. Inhaling39L/min decreased from 17 to 13%. Inhaled volumes of 2.7(1

and 2.7(1.3) litres pre and post with inhalation times of 1.3(0.1) and 1.4 (0.1) seconds
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2.3.1.2.(e)Acceleration of flow

Since the deggloneration takes place inside the device before the metered dose
leaves the DPI then acceleration rate at the start of the inhalation through a DPI is
vital (de Boer et al.1996 Everard et al., 199Hence a fast initial rate at the start of

an inhalation is crucial. This can determine the quality of the emitted dose and the
FPF (Everard et al., 1997 and it has been shown that this correlates to the peak
inhalation flow achieved by patientBroeders et al., 2001

Figure 2.41shows two possible inhalahs through a DPI that achiettee same PIF.

One starts immediately and has a fast acceleration while the other starts slowly and
gradually builds up to the sanfdF (Chrystyn and Price, 200RbSuperimposed on

this is whken the dose leaves the inhaler.

Figure 241. The inhalation flow against time profiles of two different inhalation
manoeuvres through a DPI. The two profiles have the same peak inhalation flow.
The one with the steep acceleration is a forceful inhalation from the start of an
inhalation (solid line) \wereas the profile with a gentler acceleration is an inhalation
manoeuvre that starts slowly and gradually builds up into a flow that is as fast as
possible (dashed line). Superimposed onto the profiles is the time period during

which the dose is daggregted and emitted from the DPI. (Chrystyn & Price, 2009).

Patients shouldthereforebe instructed to inhale through the DPI forcefulhd that

this should be fronthe beginning of their inhalatigihaube et al., 2001
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The inhalation profile of a patient may have an effect on the drug delivery and
distribution of drug particle sizéMiller et al., 2000. It is important therefore to
identify the acceleration rate, inhalation flow rate (IFR) and inhalatodame (1V)

when patients usBPIs because these variables may affect botlrEi2and the site

of lung deposition(Bell et al., 197)1 and may consequently influence the desired
clinical outcomeg(Ross and Schultz, 199%irchow et al., 2008 It has been shown
WKDW GRVH GHOLYHU\ DQG WKH OXQJ GHSRVLWLRQ D
inspiratory air flow(Newman et al., 1994Cegla, 200

A more forceful inhalation will result ia greater fine particle fractiofBorgstrom et

al., 1994)with a smaller MMAD(Chrystyn, 2008 Each inhalation manoeuvre with

a DPI should be as fast as the patient can achieve and this maximum forceful
inhalation should commence frometbeginning of the inhalaticeid continue for as

long as possiblé_aube et al., 2011

2.3.1.2.(f)Dose preparation

Some DP$ are a single undose inhaler and therefore, the patient has to prepare a
dose (capsule), prior to eachhalation as described in tHelL of the device
Incorrect performance by patients may resuthem inhalingho dosarrespective of

the inhalation manoeuvre they usk has been shown thdbse preparation errors
frequently occur with capsule DP(Schulte et al., 2008 In general patients have
more problems using single dose than mddise DPIs (Moore and Stone, 2004
Wilson et al., 200y Also the dosefrom these devices is reliant @ahe inhalation
volume to empty the dose out from the capsule thus it is important that the patient
inhales twice(Laube et al., 2001 In multiple reservoir inhalerssuch asthe
Turbuhaley Easyhaler and the Clickhaler,etldevice must bé&ept in the upright

positionwhen the dose is metered to ensure accurate filling of the dosing cup
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A study assessethe inhaler technique of the Turbuhaler, Rotahaler, and Diskhaler
and foundthat 40%of patients were unable to perform sieps correctl{van der
Palen et al., 19950ther studies have shown the rate of misuse ofuhaterranged

from 26% to 94%van der Palen etl., 1999 Hesselink et al., 200Molimard et al.,
2003 and confirmed that the most common mistakes when ubi&gd urbuhaler
included afailure to turn the base (not rotating the basal grip in the upright position)
before inhalation.Figure 2.42 describes that there is a similar incidence of error
irrespective of device although these are more common vatpMDI (Molimard et

al, 2003). 7KLV VWXG\ DOVR UHSRUWHG WKDW WKH SDWLH
their patients were using the correct inhalation procedubhen they used their
inhalers. It is important, therefore, that prescribers are aware of the inhalation

procedures for each devi@delani, 2007.

100 - I I Patients making GP opinion — patient

. atleast 1 error inhaled the right dose

80 1

T0
60
50 +
40 -~
30 H
20
10 1
o -

Percenlage

Aegrolizer Autohaler Diskus pMDI Turbuhaler
n= 769 728 804 552 868

Figure 242. Percentage of patients making one error and theepgon of their GPs
adapted fromNlolimard etal 2003).

Table 2.17shows some of the common errors that patients make using DPIs
(Molimard et al., 2003Melani etal., 201). Exhaling into the mouthpiece or/ not
exhaling before an inhalation, not making a forceful inhalation and no breath hold
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were the mosta@mmon errors made by patien&slso patients had problems with

holding the Turbuhaler upright and twistiitgbasewhenloading a dose.

Table 217. Errors made by patients using DPIsri@al life situatios (Molimard et al,

2003; Melani et al 2011).

Inhalation i .
Melani et al, 2011 (n=1664) Molimard et a, 2003 (n=3811)
procedure
Handihaler | Accuhaler | Turbuhaler | Aerolizer | Accuhaler | Turbuhaler
DI et [Teert 9 n/a n/a 0.7 n/a n/a
capsule
213 St e 3 n/a n/a 3.8 n/a n/a
capsule
D'd. not hiold n/a n/a 23 n/a n/a 18.1
upright-
Did not load a i 73 14 7425
dose
Did not rotate
grip backwards n/a n/a Not reported n/a n/a 14.9
andforwards
Exhaled into the
device 19 22 14 6.9 6.6 5.3
mouthpiece
No exhalation Not reported Not Not reported 32.8 26.4 25.4
reported
Did not inhale by > 1 0 14 19 0.9
mouth
Not a forceful
I R 24 28 22 reNgrtted reNgrtted reN(;)rtted
inhalation P P P
Breathe out into Not Not Not
the device 19 21 1 reported reported reported
No breath hold 25 32 28 28.4 26.4 31
No check if any
BIEEE ([ 30 n/a n/a n/a n/a n/a
capsule after an
inhalation

Table 2.17 above shows that many patientsalednto theDPI before an inhalation.

Exhaling intoa DPI following dose preparatiowill introduce moisture into the

device and blow out the metered doskis will increase humidity within the device

which decreases dispersion of the particks]will result in animpairment of drug

delivery (Meakin et al., 1998 High humidity will affect the formulationandlarge

agglomeratesvill form. Theseare not easy to dagglomeratesufficiently into fine

particlesduring aninhalation(Price et al., 2002Young et al., 2003Pedersen et al.,
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2010 and so dose emission is reducgdleakin et al., 1996 Moisture in the
formulation will also deteriorate powder flow leading to inconsistent duestering.
DPIs should be stored in a cool dry place.

In the real life study by Melani et al (2011) they found that independent of the
inhaler older age p&0.008), lower schoolingpE0.001) andthe lack of inhaler
techniquetraining (<0.001)was linked to inhaler misus&his was also associated
with an increased risk of hospitalisationg=0Q.001), and poor asthma control
(p<0.001) as well as more courses of oral stero@®.00l) and antimicrobials
(p<0.001). It has beensuggested that mankealthcare professionals, including
physicians, pharmacstnurses, and respiratory therapisask sufficientknowledge

on the correct use gbMDIs and DPIs(Self et al., 2007 Kim et al., 2009.
Consequently, healtlareprofessionals should be instructed and trained in the use of
each imividual device(Broeders et al., 20Q0%atient education as well as training in
inhaler use is crucial for the effective treatment and-kemgn control of asthma and
COPD (Melani, 2007 Kim et al., 2009. Table 218 describes the accepted generic
inhalation technique instructions when using a RRuube et al., 2001 0f these the
dose preparation instructiorere specific for each type dhhaler. Hence, the

recommendatiofor the dose preparationtis refer to the Patient Information leaflet.
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Table 218. The mosidealinhaler technique for DPId.aube et al., 20])1

No Most desirable inhaler technique

1 Take the cap off (some do not have a cap).
Follow thedose preparation instructions in the PIL.

3 Do not point the mouthpiece downwards once a dose has been prepe
inhalation because the dose could fall out.

4 Exhale slowly, as far as comfortable (to empty the lungs). Do not e
into the DPI.

5 Start to inhale forcefully through the mouth from the very beginning.
not gradually build up the speed of inhalation.

6 Continue inhaling until the lungs are full.

7 At the end of the inhalation take the inhaler out of the mouth and clos
lips. Cantinue to hold the breath for as long as possible, or up to 10 s.

8 Breathe normally.

9 If another dose is required, repeat step& 1

Health care professionals showddsurethat the patient is able to use ithmhaler

effectively (Crompton et al., 2006 Also, physicians must ensure that a convenient

device is prescribed farachindividual patient with appropriate instruct®and that

it is an inhaler that they can and will use (Laube et al, 20byeover, regular

checkng ofthe SDWLHQWYIV LQKDODWLRQ WHFKtdhmhigud LV HV\
tends to deteriorate over a period of tithavorini et al., 201 Hence aeview of

HDFK SDWL H Qtél§ngue GhduddbB aegrigr component of follgcare.

Educational and motivation programs are also useful as a supplement to ensure
correct inhaler techniquéLavorini et al., 201p

To help train patients to use a fast inhalation then Mwheck Dial (Clement

Clarke International, UK) is a useful ait. GRHVY VKRZ WKH Hddgh LHQW |V
different DPIs and its helps the healthcare professional to prescribe the most

appropriate inhaler for individual patier{tShrystyn, 2003
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2.3.1.2(g) The IN-Check DLD O B

The IN-Check Diaf (Clement Clarke Ltd., UK}s a simple and portable instrument
that is similarto a Peak Expiratory Flow &ter except thgpatients have to inhale
forcefully through the device instead of using a forced exhaldtignre2.43shows

that the INCheckDial has two parts; an inspiratory flow meter calibrated with a
range of inspiratory flow ratefl5 to 120 L/min), and a rotating dial mouthpiece that
selects a different resistance corresponding to the Autohaler (3M Health care),
Accuhaler (GlaxoSmithKline, UK), the EaBreath (Teva Pharmaceuticals, UK),
Clickhaler (UCB Pharma, UKand Turbuhaler (AstraZeneca, UKJhe instrument

has beeresigned to measures IFR by setting ¢l W H U th vhirgid_tbeOnternal

resistance of a number of DR\an der Palen, 200&rompton, 200%

Al

motf

a0\ VAV 4 |
heINGHECK Dialinhaler * ;{/ 4 ., o !fe
and mouthpiece v,j " .':

Figure 243. The InCheck Dial® (Clement Clarke Ltd., Ukand The rotating diabt
select inhaler resistan¢kavorini et al., 201

Although it is claimed that this tool cadentify the most appropriate inhaler device
for patients based on their ability to learn and achieve an optimal floBrateders
et al.,, 2003bChrystyn, 2003Van der Palen, 200RAmirav et al., 200bit is not a
device selection tool because there is no clinical evidenseport thigAzouz and
Chrystyn, 2012 Although, the INCheckDial does not measure thamitial

acceleration of the inhalation, studies have shown that this correlates with PIF when
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patients use DPIs provided that they start with a maximal acceleration of their
inhalation flow (Broeders et al.2003a Lavorini et al., 201D There is a red disk
indicator that moves along the tube to the fastest flow achieved and thus observation
of this can identify an immediaterceful inhalation manoeuvre.

The IN-Check Dial was found to coreagk to electronic measurementt IBR
(Broeders et al., 2003ararsin et al.,, 2006 Several studiestherefore, have
highlightedthe potential use dhe IN-CheckDial in clinical practice to identify the
optimal IFR through a DRINsour et al., 2001Van der Palen, 2003Amirav et al.,

20060 *HQHUDOO\ SDWLHQWY VKRXOG EH HQFRXUDJHG
GHHSO\YT YLDNgourtetidl, 280Wan der Palen, 2003This is considered

as a significant stefpwards obtaining optimurbenefit lTURP D S préstridegd W TV

medication.

2.3.1.2(h) Types of Dry powder Inhalers DPIs)

Each DPI has its own unique stopreparation and resistanbegeneral they should

not be tilted downwards once a dose has been prepared for inhalation (Laube teal,
2011) kecause the dose will fill ouwhen the DPI is presented as a single dose
capsule then each dose should be inhaled using two separate inhalations.

Information about some common DPIs available in the UK is provided in 2atfe
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Table 219. Types of Dry powder Inhaler®els).

Inhaler Type Resistance Drugs (UK) Dose preparation Comments
Accuhaler
Single Medium Salbutamol The mouthpiece is Dose emission is notentirely dependent on g
blisters, Salmeterol exposed byotatingthe] LQGLYLGXDO SDWLHQW T Wirdh@w
multidose Fluticasone outer case and then | et al.,2008) Studes have suggested that the effect
Salmeterol / sliding a lever to open| flow dependent dose emission is relatively small
fluticasone the delivering channel| (Palander et al., 2000: Tarsin et al., 2006)
combination in the mouthpiece and| .
expose the dose in
blister container.
Aerolizer
Single dose| Low Formoterol A capsule is placed in| Wieshammer et al2008) and Khassawneh et ¢
capsules thecentre of the (2008) have evaluateitie handling of inhaler device
inhaler well andt is and overall the Aerolizer hddw error rats. Invitro
2 thenis pierced by (Weuthen et al., 20Q2and invivo (Nielsen et al.,
" W S pressing and releasind 1997 studies have shown flow dependent d
| ] %E:é the button oreither emission

side of the device
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Clickhaler

Reservoir, | High Salbutamol Thedose is loaded Effective flow rate is within the range of 1560 L/min
multidose Beclometasone | from the hoppeby such that the minimum flow can be achieved by chilg
clicking or pressing | > 6 years and adult§Nantel and Newhouse, 199
thebutton on the top | Newhouse et al.,, 1999No differencebronchodilator
of the devicewhilst respnseto salbutamol at various inspiratory flow ra
holding the inhaler (15, 30, and 60 L/min) by patients with stable astk
upright. The (Newhouse et al.1999. Similar results were obtaine
Clickhaler has a dose| in patients with COPD (Morice et al., 200D
counter and loclout Furthermore, another study has indicated that
mechanism after 200 | majoriw\ RI FKLOGUHQ - \HDUV
doses reliable through the Clickhalélgbal et al., 2008
Reservoir, | High Salbutamol The powder flows Palander et al (2000) showhat the emitted dose af
multidose Formoterol from the drug the fine particle fractionverelessflow dependent fron
Beclometasone | reservoir into the the Easyhaler and the Accuhaler thine Turbuhaler
Budesonide metering cupby Palander et al.,(2000and the total doseemissionfrom

pressing the top whicl
fills thevolumetric
holesin the rotating
drum.

the Easyhalerwas fairly consistent irrespective of th
inhalationflow (Chrystyn, 2005 Effective at low flows
(Malmstrom et al, 1999).
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Handihaler

Single dose
capsules

High

Tiotropium
bromide

The inhaler is loade
with acapsulewhichis
placed into the capsu
chamber at the cemt
of the device andhen
pierced by depressin
the side button, which
makes the dose reaq
for inhalation

Due to its high resistancié has been suggested tH
patients with COPD may not able to generate a
inspiratory  sufficient flow to deggregate th¢
formulation and obtain bronchodilatid€hodosh et al.
200)). Using an inhalation flow lower than 28.3L /m
through the Handihaler sheva decline of about 20%
the fine particle dos€Chodosh et al., 2001 Inhalation
volume has been shown to be important for the ¢
emission oftiotropium from the HandihalefA. Al-
Fadhl, 200% COPD patients have problems exceeq
20L/min during inhalation (AShowair et al, 2007).

Novolizer

Cariridge Dosage courter Button

Carndge B

Reservaoir,
multidose,
Disposable
cartridges

Medium

Salbutamol
Budesonide

Pressing the button
loads a dose. Dose is
released at 35L/min.
Audio and visual
feedback that a dose
has been inhaled

ThH GRVH KDV WR EH LQKDOHG
release the dosgohler, 2004 Virchow et al., 2008
otherwise the patient will receive no dose and ca
prepare another dose for inhalatiorauvig children with
stable athima can generate relativétigher PIFs through
the Novolizern(Vogelberg et al., 2004In addtion, using
this device, was found to improve compliance
asthma control(Moller et al., 2003 In-vivo flow
dependat lung deposition (Newman et al. 2001).
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Spiromax

Reservoir, | Medium/ Not yet The device haan The Spiromaxalso containgyclone separator channe
multidose. | high available internal pump that that are designed to creatrirbulent flow duringan
dispenses an accuratq inhalation and provide efficient daggregation of thg
dose usingcontrolled | lactose drug particles. e in-vitro dose emission from
::Lw"-';\; - air pressure thas Spiromax hasbeen shown to bdess dependenbn
8w, activated bythe airflow than the Turbuhaler,and has agreater dosg
X % mouthpiece caplhe consistency(Hirst et al., 2002 A dose handling stud
2 7 opening of the has found that the Spiromaxas easier to use antb
‘ 3&?;5:4“_‘-‘\?/‘\#;.« mouthpiece cover by | learnhow to usecompared tahe Turbuhaler.(Keating
patientalso advances | and Faulds, 2002
the dose counter
(Zeng et al., 2002
Turbuhaler
— Reservoir, | Medium/ | Terbutaline The formulation The particle sizeof the drug that is emittedepends or
‘,@;;m::' Multidose | high Formoterol contains spheres of | the patien§ inspiratory flow (Everard et al., 197).
1 "'o'n ot s Budesonide drug particles so that i| Significant flow dependent dosenission (Palander €
, ;' E Formoterol / has good flow al, 2000). In-vivo flow dependent lung depositig
U i - budesonide properties. Lactose as (Newman et al, 1991; Borgstrom et al, 1994)vivo
combination a bulking agent in bronchodilator response reduced below 30L/
Moutpiece wity 8" formoterol. Holding (Pedersen at al, 1990). Young children witsthana

o 11| Estra akr inbets
chaaneli
.J': ."‘,'w
Inkalation channed M-k
O MELer &0 Odie -]
i
ROLSTING GORING fsk £
( e
Drug reservais i "’
e L
Deying

Tuming grip —1 agend
H

SCTBpETL

the Turbuhaler in an
upright position and
twisting the base
forwards, until a click
is heard, and then

backwards

(Pedersen et al, 1990 and COPD -Gklowair et al|
2007) have problems inhaling >30L/min especially w
obstruction is severe (Chrystyn, 2009)
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2.4 Patient Compliancewith prescribed inhaler medication

Poor inhalation tdmique leads to inefficient lung deposition resultingaireduced
therapeutic effectOf these dosegreparation errors are very important because these
are more likely to provide no dose whereas a poor inhalation technique would
provide someresponse Another critical issue is patient compliance becailse
resultin no dose delivered to the lungdn unused inhaler woulde the most
expensive inhalelPoor compliance by a patiecontributes to disease instability and
may lead tca worseningwith anincreasan morbidity andmortality ratesas well as
increasinghealthcare cost§Chrystyn, 2005 Rau, 2003 A review, in asthmatic
patients by Cochrane (1992hdicated poor compliance among asthimgatients
ranging between 2080%, whilstHoskinset al (2000) reported16 to 50%.During
regular reviews, almost third of asthmatic patients wereot taking their
prophylactic medication as prescrib@dcCowan et al., 2005 The increase dime
without ICS is associated withoor asthma control, and increased hospitalisation
rates(Melani et al., 201)landappears to contributgp to 61% of deaths from asthma
(Rau, 200% To improvecompliance several approaches have beggestedvith a
recommendation of a focus to usiokpar instructions by healthcapersonnel as
well asresponding to the patients and their treatment particutlaely ICS (Horne,
2009. It has been shown that patient education impas@mpliance with ICS
(Onyirimba et al., 2003 Choosing therapynd inhalers preferred by patient helps
compliance especially if they find theday to use Patient preference is a key issue
but all studies except orteave beersponsorediy a pharmaceutical compaiaynd
hence the results are biased. Tgreferenceof patients, in the one unsponsored

study, is described iRigure 2.44 This figure shows that of th@even devicewhich
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the patients graded tiBA- pMDI was the mostavourablewhile the pMDI attached

to a pacer was theehstpreferred inhalefLenney et al., 2000

(O]
580 -
O
n
60 -
40 -
20 -
0' T T T T =_\

Easibreathe Autohaler Clickhaler Accuhaler pMDI  Turbuhlarer pMDI and
Volumatic

Figure 244. The preference of patients for seven devices by (Leanal; 2000)

2.5Summary

The inhalationtechnique required tase a pMDI is generally described as a
PDQRHXYUH WKDW LV pVORZ DQG GHHSYT ZKLOVW D P
slowly until the lungs are full of air and to try to ensure that thisgiete inhalation
takes 5 second9.RU D GU\ SRZGHU LQKDOHU WKH LQVWUXFWL
whilst a clearer explanation is as fast as possible, from the start, and maintain the
inhalation as long as possible. In the past studies have foawsdbe general
instructions and applied subjective assessment to identify if patientpnalkems

using their inhalersThese studies suggest that a large proportion of patient do have
problems using their inhalers but tees no objective assessmehe studies of this

Thesis have been designed to provide objective assessments of inhaler technique and

at the same time to quantify how patients use inhalers with respect to their inhalation
flows (including the peak inhalation flow), inhalation volumesl anhalation times

(including the timeto the peak inhalation flowSimple solutios to the main issue
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with respect to pMDI cardination and slow flow and with respect to DPIs using a
fast inhalation from stamwill be identified and studiedsing objetive methods.

Studies involving children and adults with asthma, those with chronic obstructive
pulmonary disease and healthy volunteers have been designed when they inhale
through a pMDI and a DPI. For the pMDI studies the time between the start of an
inhalation and the pressing of the canister has been included to idertifgication

and for DPI the acceleration of the inhalation flow through differemtags has also

been included.

2.5 1Aims and Objectives

2.51 (a) Aims
% To capture the electroniahalation profilesof children with asthma, adults
with asthma and COPD patients together with healthy individuals as well as
their disease control and spirometry.
¥ ldentify the inhalation parameters from each profile.
% Show how simple methods can be ushding the inhalation technique
training session to improve patient inhaler administratiben using a pMDi

and DPI.

2.5.1.(b) Objectives
¥ Measure inhalation parameters (peak inhalation flow, inhalation duration, and
inhaled volume) in children with asttanadults with asthma and COPD when
they inhale through pMDIs and spacers
¥ Identify the impact of using a emrdination cap and simple counselling to

increase the duration of an inhalation on the pMDI technique of asthmatics.
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¥ Measure inhalation parametépmeak inhalation flow, time to peak inhalation,
the acceleration rate of each inhalation, inhalation duration and inhaled
volume) in children with asthma, adults with asthma and COPD when they
inhale through different DPIs.

¥ To identify the impact of focugsy on a fast inhalation from the start during
counselling by measuring inhalation profiles (peak inhalation flow, time to
peak inhalation, the acceleration rate of each inhalation, inhalation duration
and inhaled volume) when children with asthma, adwith asthma and
COPD inhale using two different DPIs.

¥ Measure the change in the inhalation parameters when patients with asthma
and COPD inhalethrough different DPIs after their recovery following

hospital admission due to an acute exacerbation.
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Chapter 3
Preliminary investigations orthe inhalation
characteristic of childrenwith Asthma CHILD),
adult asthmaticYADULT) and patients with
chronic obstructivepulmonary diseas€COPD)
when they usea pressurisednetereddose inhaler
(pMDI) with and without spacers and a Soft Mist

Inhaler.
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3.1Introduction

In 1976 Crompton started a series of repdPaterson and Crompton, 1976
Crompton, 1982) describing pMDI inhalation technique problemsToday
(Crompton, 2006Melani et al., 201)Llthese problems are no different to those in
1976 It is estimated that about 75% of patients make errors when usinghti2is
(Molimard et al., 2008 as they need to eordinate the device actuation with
inhalation to receive the intended therapeutic ddareover, 6892% of patients
inhaletoo fast and do not use a slow inhalation when they usedp&t (Larsen

et al., 1994 Al-Showair et al., 200jaFailure to use a slow inhalation was more
common than good eordination between dose actuation anebodination(Nimmo

et al., 1993 Hesselink et al.,, 20011t is estimated that approximately 50% of
patients do not obtain sufficient therapy from their inhalers due to poor inhalation
techniqugCrompton and Duncan, 1989

An extensive review has concluded that flows througivi®! should be <Q0L/min
(Pauwels etla 1997 whilst a gamma scintigraphy study has shown that a flow of
90L/min with a ceordination timeof 0.2 seonds resulted in the greatéstal and
peripheral lung depositiofFarr et al., 1996 Previously these criteria hdoeen
describedas the ideal combinatiofGoodman et al., 1994and wereused by
Broeders et al (2003This latter study measured electronic profiles and reported that
not using a slow flow was a more common mistake than goeardination. This
latter study revealed th#teinhalation volume of asthmatics was around 2.7L which
is less than those reported by Farr ef1895) in healthy volunteer&roeders et al
(2003)reported that inhalation volumes in COPD ranged from means for 2.3 to 2.7L

with those vino hadmore severe obstruction having the smaller inhalation volumes.
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Spacers were introduced to help solve pMDI technique problems andluocere
oropharyngeal depositiorHlowever it has been reported that up to 40% of the
children usd their pMDI inadequately even with a spac@famps et al., 2000
Training and regular inhaler technique follow up therefore required (van
Beerendonk et al., 199&amps et al., 20Q0Crompton, 200K Although spacers
should be used with a slow inhalaticeports do not focus on this.

Most studies assessing inh&da technique are subjectiM@éoodman et al (1994) and

later Broeders et al2003 used electronic measurements to characterise the
inhalation profile of patients when they used a pMDI (tit a spacer). Broeders et

al (2003a) demonstrated the effect of training but iatiah flows remained too fast.

This study was designed to adapt available methodology to provide a preliminary
assessment of measuring inhalation parameters of patients when they use a variety of
inhalers. In this study patients have been asked to use their real life inhalation
technique ad so received no traing about inhalation techniqué®atients with
asthma (both children and adults) and COPD when they used a pMDI alone and
when it was attached to different spacers have been studied. Alsatimal

parameters for a RespirfigBoehringer Ingeheim, GmbH) have been obtained.

3.2Research Aimand Objectives

3.2(a) Aim

The main aimwas to identify the inhalation parameters of children with asthma,
(CHILD), adults with asthma (ADULT) and COPD patients when they inhaled
througha pMDI and whenthe pMDI was attached to a Volumatic spacer and also
when atached to an AeroChamber spacdspdoidentify the inhalationparameters

when patientsvith COPD used a Respimat
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3.2(b) Objectives

Primary Objectives
To measure the inhalation prefwhen the patients inhale through a pMDI alone and
when attached to a Volumatic and when attached to an AeroChamber as follows.
¥ Asthmatic chitiren: peakinhalation flow (PIF in I/min), inhalation volume
(IV in L) and inhalatiortime (Ti in seq througha pMDI alone a pMDI with
a Volumatic spacer andattached toan AercChamberas well as an
EasiBreathe
¥ Asthmatic aduls: peak inhalation flow(PIF), inhalationvolume (IV) and
inhalationtime (Ti se¢ a pMDI alone,a pMDI with a Volumaticspacer and
attaded toan AerdChamber
% COPD patient peak inhalation flow @IF), inhalation volume (IV)and
inhalationtime (Ti sec)througha pMDI alone,a pMDI with a Volumatic
spacer andattached taan AeroChamber and whehey inhaled throughra

EasiBreathe anRespimat

Secondary Objectives

¥% 7R REWDLQ S D Whitl@anigy ac Hfedsdre their peak expiratory
flow (PEF), forced expiratory volume in onecead (FEV{) and Forced Vital
capacity (FVC).

¥ Identify the level of their disease
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3.3 Method

3.3.1 Study Population
3.3.2Patient recruitment and sample size
NRES ethical approval was obtained as well as local R&D (Research and
Development) approval from each cenfAPPENDIX A-1]. Asthmatic adults /
children and COPD patients attending an outpategointment and receiving
regular care at the respiratory clinics of NHS hospitals (see below for the list of
hosptals involved) who used a pMEAd a pMDl attachedo a spacemwere invited
to take part in this research studiyhe study procedures were péxined to all
patients using the ethical committee approved Patient Information Leaflet
[APPENDIX A1, A2, A3 andA4] which they lept. All subjects willing to take part
gave their signed informed consent and for children their parent / care also gave
consen{APPENDIX A5). Patientswere free to withdraw or terminate, at any time
from the study, without giving a reason. The data colleatadl recordsvere kept
strictly confidential and anonymous.
The NHS Hospitals which were involved as research sites:

¥ Leeds General Infirmary (LGI), Leeds, UK.

% 6W -DPHVYV 8QLYHUVLW\ +RVSLWDO /HHGV 8.

¥ Bradford Royal Infirmary, Bradford, UK.

Y2 6 W [ XHospfial Bradford, UK.

¥ Airedale HospitglUK
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(@) Inclusion criteria
Patients who met all the following criteria were potential candidates for recruitment:
¥ Male or female, with stable asthma or COPD
¥ Prescribed inhaled medicatithrough a pMDI andhad used aMDI
attached t@spacer.
¥ Age groups: asthmatic child-@ yearq)CHILD], adult asthmatic asthma
(1855 years)JADULT] and COPD ¢ 55 yeard)COPD].

¥, Signed informed consent form

(b) Exclusion Criteria
Patients who met thellowing criteria were excluded from participation:
¥ Prescribed inhaled medication for less than 4 weeks prior to enrolment.
¥ Other pulmonary diseases (e.g. Cystic Fibrosis, TB, pneumonia)
¥ An acute exacerbation of asthma or COPD or a short course ofdsglodal
prednisone during the last 2 weeks.
¥, Participation in another clinical research study in the 3 months prior to

enrolment.

3.3.3Study Design

A Micro-Loop Sirometer (Cardinal Health, UK) was adapted with an airtight holder
on the air entry inet ol WKH VSLURPHWHUTV PRXWKSLHFH
adapters were obtained fd tightly onto the holdersAdapters unique for the
mouthpiece of each inhalation method were obtained. These allowedhaation
through the spirometeMhe inhalationsection of the option to measure a flow
volume loop vith the spirometer was chosefhe data from each profile was
downloaded into a Microsoft Access spreadsheet to compute the inhalation

parameters.
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(DFK SDWLHQWYV GHPRJUDSKL Fspiadmétripp (I VEYRaBAW D L QH G
FVC) was measuredisease severity classificatidor asthma was madsccording
to GINA (2008) andor COPD according GOLD (2006)
The patients were asked to inhale through the Micrap when it was fitted with
[. An empty pMDI[pMDI]
II. An empty pMDI attached to a Volumatic spacer (GlaxoSmithKline, UK)
[VOLUMATIC] .
lll.  An empty pMDI attached to an Aetbamber spacer (Truddell International,
Canada) [AEROCHAMBER].
IV. An EmptyEasBreath EASIBREATHE].
V. COPD only#an empty Respimat@oehringerngelheim).[RESPIMAT]
The order was randomised and each patient made two separate inhaRaiors
inhalation throughhe Respimate patientgere giventhe patieninformation leaflets

to study

Each patient was instructed to use the same technique awdb#l/ useat home +
their real life inhaler technique. All inhalations were made during one visit. From
each inhalation profile the following inhalation parameters were obtained:

. Peak inhalatioflow, in litres per minute (PIF)

. Inhalation volume, in litres (1\V)

. Duration of the inhalation, in seconds (Ti)
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The profile with the slowestPIF was chosen for data analysis. Patients were also
asked to complete a questionnaire as follows:

¥2Adult asthmatic: the Asthma ContrQuestionnaire (ACQzJuniper et al 1999b)
see[APPENDIX A-6] andJuniper$ AsthmaQuality of Life - mini version (AQLQ)
+see[APPENDIX A-7] (Juniperet al., 1999a)

¥ Children: Rediatric Asthma Caregivers Quality of LiePACQLQ (Juniper et
al.,1996h. [APPENDIX A-8] and Asthmatic children: Paediatric Quality of Life
PAQL (Juniper et al., 199#) -9]

%C23' 6W *HRespitthly dhiestionnaire (SGR@ee APPENDIX A-10]
(Jones et al, 1992).

3.3.4Data Collection

Quantitative and qualitative datgerecollected fromthe 3 groupsdahildrenwith
asthma, asthmatic adubied COPD patients)

Main outcomes were

¥2Peak inhalation flow (PIF)

YInhalation volume (V)

¥, Duration of inhalationTi).

The Secondary measures were

¥2Demographic data

¥ Level of asthma / COPDPontrol usingquality oflife questionnaires (see above)

Y2 Spirometry (PEF, FEV FEV,% predictedand FVC)
3.3.5 Data Analysis

The statistical analysisf the study wasarried out using the Statistical Package for
Social Scences (SPSS) software version Tfie study data was first classified into

scale, categorical (hominal) or ordinal categories, as appropriate, &rE&h
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dataset was then set up for the analysig. Sthtistical analysis was performead
presented as follows

¥, Descriptive statistics: mean and standard deviation.

¥ For scale data; normal distribution of the data was examined using histograms
and statistical tests for normality; tkelmogorovSmirnovand ShapiréNilk tests

¥ Comparisons (differences) of measurements through different inhalers within the
same group were performed using the related (pasatples-test (for parametric

data) and the Wilcoxon test (for nparametric data)

¥ Comparisons (fferences) of measurements between different the groups were
performed using the independesamples-test (for parametric data) and the Mann

Whitney U test (for notparametric data).
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3.4Results

3.4.1 StudyPopulation

A total of 109 patientsvere recruited and completedgtstudy as shown in Table

3.1 Individual details are presentedA®PENDIX B-1, B-2 and B3, together with

their % predicted valuegefer to the enclosed DVD)

Table 31. Details of all subjectstudied. All citais mean (SD) unless indicated

Characteristics CHILD ADULTS COPD
Number 20 57 32
Age inyears 8.6 (2.8) 48.3(15.4 64.8(12.)
Sex (M/F) 15/5 11/46 17/15
Height (cm) 132.8(20) 165.59.01) | 168.1(10.3
Weight (Kg) 34.8(16.2) 76.5(17.7) | 77.8(12.2)
FEV1 (L) 1.5(0.72) 2.03(062) 1.3(0.6)
FEV; % predicted 77.4(18.4) | 71.1(17.0 | 42.217.8)
PEF ( L/min) 191.2(76.9) | 304.1(114.4)| 178.9(92.2)
PEF % predicted 63.1(15.7) 72.6(24.) | 46.1(18.3
FVC (L) 1.6(0.7) 2.5(0.7) 2.0(0.8)
Mild 9 15 4
Disease | Moderate 8 23 20
severity* | Severe 3 19 8
Very severe N/A N/A -

* asthma severity classified was based on GNA (2008) Guidelines
3.4.2 Inhalation Characteristics
A summary of the inhalation parameters of the asthmatic children is shown in the
Table 3.2, adults with asthma in Table 3.3 and COPD patients in Tabl&h&4.
number of patients with slow, fast and very fast PIF values are shoWhabla 3.5

and Rgure 3.1.Individual vales are presented irgkres 3.20 3.10
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Table3.2. Inhalationcharacteristicef theasthmatiachildrenwhen they inhaled through tipd1DI, pMDI with Volumatic, fMDI with

AeroChamber and Ed&ieatle.

D* pMDI VOLUMATIC AEROCHAMBER EASIBREATHE
PIF(I/min) | IV(L) | Ti(sec)| PIF(I/min) | IV(L) | Ti(sec)| PIF(l/min | IV(L) | Ti(sec)| PIF(l/min | IV(L) | Ti(sec)
Mean 108.9 1.14 | 1.44 93.0 1.08 | 1.38 89.90 1.17 | 1.52 77.60 1.06 | 1.43
SD 40.4 059 | 0.27 49.7 0.61 | 0.25 40.7 059 | 0.30 41.2 0.66 | 0.22
min 62.0 0.5 1.0 37.0 0.3 1.0 38.0 0.3 1.0 36.0 0.3 1.0
max 224 3.0 1.9 206 2.9 1.9 206 2.6 2.2 211.0 2.9 1.8
*Devices

Table 33. Inhalation characteristics #tie asthmaticadults when they inhaled through tp®IDI, pMDI with Volumatic, pMDI with

AeroChamber and Ed&ieatle.

D* pMDI VOLUMATIC AEROCHAMBER EASIBREATHE
PIF(I/min) | IV(L) | Ti(sec)| PIF(I/min) | IV(L) | Ti(sec)| PIF(I/min) | IV(L) | Ti(sec) | PIF(I/min) IV(L) Ti(sec)
Mean 146.0 2.1 15 145.8 2.1 1.6 136.9 2.0 15 100.0 1.6 1.64
SD 58.8 0.9 0.3 67.5 0.8 0.4 68.9 0.9 0.3 39.0 0.82 0.31
min 40.0 0.6 1.1 44.0 0.4 1.1 30.0 0.5 0.3 52.0 0.73 1.10
max 284.0 4.5 2.2 286.0 3.9 2.6 301.0 4.2 2.2 205.0 3.7 2.80
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Table 34. Inhalationcharacteristicef COPDpatientsvhen they inhaled through tipd1DI, pMDI with Volumatic, pMDI with Aere

chamber anthe EasBreathe

D* pMDI VOLUMATIC AEROCHAMBER EASIBREATHE
PIF(I/min) | IV(L) | Ti(sec)| PIF(I/min) | IV(L) | Ti(sec)| PIF(I/min) | IV(L) | Ti(sec) | PIF(lI/min) IV(L) Ti(sec)
Mean| 107.3 1.8 1.6 115.7 1.8 1.5 117.9 1.8 1.7 83.8 1.8 1.7
SD 50.6 1.0 0.2 50.4 0.9 0.4 49.1 0.8 0.4 29.1 1.1 0.5
min 33.0 0.4 1.1 34.0 0.6 1.1 37.0 0.5 1.1 38.0 0.9 1.1
max 242.0 5.3 1.9 277.0 4.7 2.8 287.0 4.4 2.6 155.0 4.9 3.5
Table 35. Summaryof patients categsed with respect to their PIF
PIFR PATIENTS NUMBER (PERCENTAGE)
(L/min) ADULT n (%) CHILD n (%) COPD n (%)
pMDI VoL AERO EASI pMDI VOL AERO EASI pMDI VOL Aero- | EASIn=14
5200 11 12 14 12 1 1 1 1 3 2 1
(19.2%) | (21%) | (24%) (21%) (5%) (5%) (5%) (5%) (9.3%) (6.25) (3.1%)
90-200 36 30 31 31 12 7 10 3 19 22 24
(63%) (52.63) | (54.3) | (54.3%) | (60%) | (35%) (50%) (15%) (59.3%) (68.75) | (75%)
25.90 10 15 12 14 7 12 9 16 10 6 7
(17.5%) | (26.3) | (21.1) | (24.6%) | (35%) (60%) (45%) (80%) (31.2%) (18.8%) | (21.9%)

VOL- Volumatic, AERGAeroChamberEASI-EasiBreathe
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Figure 32. Individual Peakinhalation flow(L/min) for the childenwith asthma
when they inhaled throughe pMDI, pMDI attachedio aVolumatic, pMDI attached
to anAeroChamber andn EasiBeathe
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Figure 33. Individual Inhaledvolume (L) forthe childrenwith asthmavhen they
inhaledthrough the pMDI, pMDI attache® aVolumatic, pMDI attachedb an
AeroChamber and an EasiBreathe.
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Figure 34. Individual duratiors of the inhalation (Ti) of the children with asthma
when they inhaled through the pMDI, pMDI attached to a Volumatic, pMDI attached
to an AeroChamber and an EasiBreathe.
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Figure 35. Thepeakinhalation flow(L/min) of eachadultwith asthmawhen they
inhaledthrough the pMDI, pMDI attachetd aVolumatic, pMDI atached to an
AeroChamber and an Easdathe
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Figure 36. Individual inhalaton volumes (IV) of theadults with athmawhen they
inhaledthrough the pMDI, pMDI attachet aVVolumatic, pMDI atached to an

AeroChamber and an Easdathe
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Figure 37. The duration of the inhalations (Ti) eAchadultwith asthmawhen they
inhaledthrough the pMDI, pMDI attachetd aVolumatic, pMDI atached to an
AeroChamber and an Easdathe
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Figure 38. Peakinhalation flow(L/min) of each COPD patientghen they inhaled
through the pMDI, pNDI attachedo aVolumatic, pMDI atached to an

AeroChamber and an Easdathe
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Figure 39. Individual inhalation volume@V) of the COPD patientehen they
inhaledthrough the pMDI, pMDI attachetd aVolumatic, pMDI atached to an
AeroChamber and an Easdathe
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Figure 310. The duration of each inhalation (Ti) by the COPD patiesisn they
inhaledthrough the pMDI, pMDI attachet aVolumatic, pMDI atached to an

AeroChamber and an Easdéthe
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The range of peak inhalation flovesd inhaled volumes of the three patient groups
with respect to the severity of their disease is presented in Table 3.6 whilst Table 3.7
presents these ranges foetadults withasthma according to their ACQable 3.8
shows the range of the PIF and IV for the children with asthmaresiecto their

age.

Table 36. Range of inhalation parameters through the pMDI in all patients according
to the severity of obstruction

| CHILD | ADULT | COPD
PIF (L/min)
Mild 65- 224 55-217 33-209
Moderate 75- 150 40- 281 38242
Severe 110- 106 75-284 44-146
Very Severe n/a n/a n/a
IV (L)
Mild 0.5-3 1-3.5 0.7-5.3
Moderate 1.1-1.8 0.8-4.5 0.83.7
Severe 0.5-1.2 0.6-3.6 0.81-1.80
Very Severe n/a n/a n/a

Table 37. Range of inhalation parameters through the pMDI in the adult asthmatic

patients according to their asthma control measured by their ACQ

| ADULT
PIF (L/min)
<0.7 76- 284
0.7-1.5 108- 238
>1.5 40-280
IV (L)
<0.7 1-3.4
0.7-1.5 1.1-2.5
>1.5 0.6-4.5
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Table 38. Range of inhalation parameters in the children with asthma according to

their age
pMDI Volumatic AeroChamber
PIF (L/min)
5-7 years 62- 190 37-92 3899
8-10 years 75150 49-153 57-147
> 10 years 85224 88-260 89-206
IV (L)

5-7 years 0514 0.31.2 0.314
8-10 years 0.7-1.8 0.82.2 0.82.3
>10 years 1.2-3 0.82.9 1.1:2.6
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3.4.3 The Inhalation Characteristics between the patients groups

Figure 3.11 shows a comparison of PIF for each group using each different
inhalation method and a summary of thatistical analysis between each inhalation
methodwithin each goup for the pMDI and spacers apeesented in Tabl&.9.
(Using the non-parametrictest (Wilcoon tes)), and between each group for the
different inhalation methods usedbn-parametrictest (sing the independent

samplesMannWhitney Utes) is presented in Table 3.10
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Figure 311 Mean (SD) peak inhalation flows for the different group of patients
when they inhaled through pMDI, Volumatic, AeroChamber and an EasiBeathe

Table 39. Statistical comparison of PIF within each group between each inhalation

method.
SO0', YTV SO0, YT O9ROXPDWLE
Volumatic AeroChamber AeroChamber
CHILD 0.286 0.185 0.445
ADULT 0.429 0.359 0.238
COPD 0.054 0.02 0.422
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Table 310. Statistical comparison of PIF values between the different groups

&+,/"' YTV &+,/'"' YTV _,

ADULT COPD DB AN
pMDI 0.000 0.191 0.002
Volumatic 0.0007 0.023 0.067
AeroChamber 0.003 0.016 0.481
EasiBreathe 0.003 0.033 0.226

Figure 3.12 shows a comparison of the inhaled volumes (IV) for each group using
each different inhalation method and a summary of thtstcal analysis between
each inhalation method within each group for the pMDI and spacers is presented in

Table3.11
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Figure 312. Mean (SD) inhalation volumes for the different group of patients when

they inhaled through pMDI, Volumatic, AeroChamber and EasiBeathe

Table 311 Statistical comparison of inhaledlumes within each group between

each inhalation method

SO0', YTV SO0', YT O9ROXPDWL
Volumatic AeroChamber AeroChamber
CHILD 0.262 0.681 0.121
ADULT 0.222 0.310 0.541
COPD 0.875 0.430 0.750
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Table 312 Statisticalcomparison of inhalation volumes between the different

groups
&+,/" YTV &+,/" YTV &1 $'8/7 YTV &
ADULT

pMDI 0.000 0.003 0.079

Volumatic 0.000 0.001 0.077

AeroChamber 0.000 0.004 0.201

EasiBreathe 0.001 0.007 0.507

Figure 3.13 shows a comparisohthe inhalation times (Ti) for each group using
each different inhalation method and a summary of thgsscal analysis between
each inhalation method within each group for the pMDI and spacers is presented in

Table 3.13 and between each group fer different inhalation methods is presented

in Table 3
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Figure 313. Mean (SD) inhalation times for the different group of patients when they
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inhaled through pMDI, Volumatic, AeroChamber and EasiBeathe
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Table 313. Statistical comparison of the inhalation times within each group between
each inhalation methodalues are thp values

SO0', YTV SO0', YT O9ROXPDWL
Volumatic AeroChamber AeroChamber
CHILD 0.432 0.329 0.239
ADULT 0.226 0.738 0.975
COPD 0.127 0.456 0.042

Table 314. Statistical comparison of inhalation times between the different groups

&+,/" YTV . .
ADULT &+,/" YTV &2| $'8/7 YTV &2
pMDI 0.995 0.214 0.140
Volumatic 0.027 0.472 0.154
AeroChamber 0.842 0.335 0.144
EasiBreathe 0.000 0.005 0.473

3.4.5 Inhalation Characteristics of COPD patients through Respima®.
The inhalation parameters of the COPD patients whey inhaled using an empty
Regimat® are summarised in Table 3.15 and the numbers using different PIF are

shown in Table 3.16

Table 315. Inhalation characteristics tiie COPD when they inhaled through

Respimat.
. Duration of
FU= (i) V(L) Inhalatior{Sec)
Mean(SD) 49.9(21.) 1.4(0.9 1.6(0.5
Min 22.0 0.4 1.1
Max 124.0 4.5 3.5

Table 316. Summary ofCOPDpatients categorised with respect to their.PIF

PIF (L/min) COPD Patients n=32(%)
> 200 None
20090 1(3.12%)
90-25 28(87.5%)
<25 3(9.37%)
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3.4.6Quality of Life Questionnaires

(a) CHILD

¥ The Paediatric Asthma Quality of Life (PAQI. and Questionnaire the

Paediatric Asthma Caregivers Quality of Life (PACQLQ

The mean (SD)Paediatric Asthma Quality of Lif¢§PAQLQ) and the Paediatric
Asthma Caregivers Quality of Lifl®PACQLQ)were4.35(1.05)and4.7 (1.19) The
symptoms, Activityand Emotional domains of the RAQ were:3.7(1.1), 4.5(1.5,
4.9 (1.2). Individual values are presented APPENDIX B-4 (refer to enclosed
DVD)

(b) ADULTS

¥ Asthma Control QuestionnaiACQ) and Asthma Quality Of Life

Questionnairet(AQLQ)

The mea (SD) ACQ scores were 2.1(1.0)able 3.17presents the frequencies and
percentges of the asthmatic adults in different ACQ scd?eeviously Table 3.7
presents the ranges for PIF and IV with respect to the ACQ scores of these adult
asthmatics A summary of the mean (SD) &QLQ scores (overall and its three
domains: symptoms, Actityi Limitation, Emotional and Environment) are presented

in Table3.18 (Individual values can be founith APPENDIX B-5, B-6 refer to the
enclosed DVD).

Table 317. ACQ categorisesf the adult asthmatics.

ACQ Categories Frequencies
i ZHOO FRQWUI 5 (8.8%)
0.751.50 (not well controlled 14 (19.2%)
. (‘uncontrolled) 38(66.6%)
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Table 318. Mean (SD (AQLQ) of the asthmatic adults.

ASTHMA QUA LITY OF LIFE QUESTIONNAIRE

+(AQL Q). DOMAINS

Domains Mean (SD) ScorAQLQ Domains for one visit
Overall AQLQ 4.40 (1.12)
Symptoms 3.8(1.2
Activity Limitation 39@)
Emotional Function 3.2@.3
Environment 3.5(1.5

(C) COPD

¥%The SGRQ Scores
The SGRQ scores (overall aitd three domainsSymptoms, Activity and Impacts)

are presentedn Table 3.19 The detailed SGRQ scores of all COPD patients are

presented iIMPPENDIX B-8 (refer to the enclosed DV)D

Table 319. Descriptive Statisticef the SGRQ scordsOR COPD Patients.

SGRQ (n=32) Symptoms Activity Impacts Total
score score score score
Mean (SD) 70.2(24.2) | 73.6(19.5) | 50.2(21.6) | 60.6(18.5)
25 58.3 60.7 34.7 43.5
Percentiles| 50 75.5 76.1 52.4 62.1
75 90.1 91.2 69.47 78.3

*SGRQ scores ranges from 0 to 100, zero scores indicate no impairment, with higher scores indicating

worse health status.
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3.5Discussion

6 XEMHFWLYH DVVHVVPHQW RI HDFK SDWLHQWITV LQKI
because this was a pilot study to identify inhalation parameters and the methodology
did notallow an electronic measurement of the point ebodination.

The results provide substantial information about the inhalation parameters of asthma
patients (both adults and children) and COPD patients when they use pMDIs and
when they are attached to spacétsor ceordination and slow flow are common
errors made Y patients when they use a pM[AI-Showair et al., 2007adardwell

et al., 201D Not using a slow flow is a more common mistakadeby different

group of patients whetley inhaled through pMDI (Al-Showair et al, 2007a).

This study shows that the majority of patients inhaled too fast (>90L/min) when
using their pMDI. The results revealed that 65% of children with asthma inhaled >
90L/min as well as 82% of the adult%8of the COPD patients. The COPD findings

are in accordance with Ahowair et al (2007). In this 2007 reported study (using
the IN-Check to measure flow) 59.5% of COPD patients with mild severity
demonstrated an incorrect flow and their PIFR was > 90LAwith a mean PIF
>120l/min before training. Another study reported that the majority of adults with
asthma, children with asthma and COPD patients used a high flow rate >100 I/min
when they used their pMOChrystyn, 2009

The study in this Chapter confirms that not using a slow flow is not only problem
with pMDls but also when they are attached to spacers and to some extent when the
EasiBreathe is useddowever the children did decrease their flows when using
spacers whilst the adults with asthma and COPD patients did not. This could be due
to the constant training they \age when using their spaceide lack of a statistical

difference is due to thersall number of children together with the large variability of
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the resultsThere was no change in their inhaled volumes when all patients used their
pMDI or spacers suggesting that they all used a similar complete inhalation during
each manoeuvrelThe prdonged inhalation times of the children when they used
spacers are probably due to their training and since their volume did not change then
their flows were slower. Again the lack of a statistically significant change is due to
the small number of subjexcand the variability of the results.

Inhalation parameters of children with asthmiben using pMDIs have not been
reported before as well as when all asthmatics and COPDs use a pMDI attached to a
spacer and when they use an Easdhe Also similar dataabout adults with asthma

and COPD patients is very limiteBreviously Broeders et al (2003) have reported
that the mean (SD) inhalation flows in adults asthmatics, mild COPD, moderate
COPD and severe COPpatients when they use a pMDI atd9.6 (19.2), 12.9

(5.5), 134.0(8.1) and 142.1 (14.7) L/minThe results reported for thadult
asthmatics in this Chapter are similar whilst those of the COPD patients were lower.
Age and disease severity should not affect inhalation flow because this is heavily
reliant on technique rather than the capability of the individual and could be
influenced by the amount of training (especially children) and attetdidetails (in
COPD patients).This would account for the significantly reduced flows in the
children and COPzompared to the adults with asthma. It is this latter group that
should be targeted for extensive technique training.

The peak inhalation flows when the pMDI was attached to either a Volumatic or an
AeroChamber were similar to those of the pMDhe mean(SD) inhaled volume of
asthmatic children asthmatic adults and COPD patients through the pMDI were
1.140.5), 2.10.9), 1.8(1.0) L. These values compare to 2.7 (1.2) L in adult

asthmatics and 2.9 (0.7), 2.6 (0.2) and 2.3 (0.2) L in mild, moderate anck seve
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COPD patients when they inhaled through a pMBioeders et al., 2003aAlso

Farr etal (1995) reported mean (Sihhalation volumesnhalation volumesanging

from 2.3 (0.3) to 3.2 (0.17) L, in healthy volunteerslepending on the inhalation
manoeuvre usedrheresults in this chaptesuggest that the inhalation volumesre
related to age forhe children.When the children with asthma used the pMDI
attached to the Volumatic 5 of thos& years used a volume of &0ml.Hence with

one inhalation these would not be able to inhale the Emp/olume of the
Volumatic. This would be the volume that enters timeuh rather than into the
lungs. It is advisable therefore that these patients should use the traditional tidal
breathing method when they use a Volumatic. It has been recommended that as soon
as a child can use a single deepalation though the AeroChrdber (Roller et al.,

2007 then they should be encouraged to switch from tidal breatbhinge complete
inhalation. Although all children with asthma used a minimuwiume of 280ml

with the AeroChamber and this is almost twiceviblume then each child should be
individually assessed. Ehchild with the low volume was 5 years old and the
smallest subject in the study.

The duration of an inhalation Ti (Sec) as inhalation parameter that hésrgely

been ignored. Overall these were less than 2 seconds. It has been recommended that
adult patients should be trained to inhale over 5 seconds and childréns2d¢onds
(Laube et al, 2010)f patients use the same miation manoeuvre with respect to a
gentle exhalation followed by a full inhalation then if the volume does not change
and the duration of the inhalation increases then flow wilidbeiced. This theory is

investigated during the studies in Chapter 5.
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When using the EasiBreathe the inhalation parameters were simitaose of the
pMDI. Flows were slightly slower which could be due to the higher resistance in the
Easibreath. The resistance was not measured but the air channels of this device are
smallerthan those of the pMDI. No patient used a flow d&0dL/min which is the
threshold for this device to breath actuate.

The Respimat is designed to emit a soft mist aerosol over 1.6 sgdtewisian et

al., 1998 Hochrainer et al., 20050verall the COPD patients used a slower flow
rate through the Respimat and owolye patientinhaled >90 L/min. However these
flows are much faster than those of highly trained voluntéBi®wman and
Newhouse, 1996Newman et al., 1998whereas the volumes are similar. This
suggests that the healthy volunteers may have made a full inhalationn this

study 23 of the 32 (71.9%) patients inhateer < 1.6 secods and so these would
have stopped their inhalation while the dose was still being emittedduration of

the inhalation igritical parametewhen using th&espima®.

In summary, most patients performed an inadequate inhalation technique because of
high inhalation IRZV ZKHQ XVLQJ VPMM teohrigquiel Mbalé€dl lvbidmes
andinhalation duration were lovil.his was a pilot study and the methodology did not
lend itself to make subjectivessessments of their technigUénis preliminary pilot

study highlights the value of using electronic methodologies to measure these
parameters and incorporate an obyer measure of cordination. The volumes
indicate that most patients can empty a spacer using a single full inhalation but
caution should be excised when switching small and young children from tidal

breathing to one single full inhalation
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Conclusion:

The study indicates that characterisation of the inhalation flow profile to identify
aspects of the inhalation coule luseful to identify the areas to focus on when
training a patient to use their pMDI. Overall flows were too fast and inhalation times

were short
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Chapter 4 Inhalation characteristic of children
with asthma(Child), adult asthmaticand chronic
obstructive pulmonary diseagmtients

(COPD)using a pressurised

metered dse inhaler
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4.1 Introduction

The pressurized metered dose inhaler (pMDI) is the most widely used delivery
system and commonly used in the management of asthma and COPD compared to
other deviceqLenney et al., 20Q0Broeders et al., 200Baln 1965 the problems
patients have using the correct pMDI technique wease feport(Saunders, 1965
Subsequent subjective observations of patients using their pMDI have reported that
these problems have yet to be soly@€dehek et al., 197@aterson and Crompton,
1976 Epstein et al., 197%5him and Williams, 1980Crompton, 1982pAllen and

Prior, 1986 Pedersen et al., 198Horsley and Bailie1988 Crompton and Duncan,
1989 Manzella et al., 198Hilton, 199Q Larsen et al., 1994/an Beerendonk et al.,
1998 Lenney et al., 20QHesselink et al., 200Molimard et al., 2003Melani et

al., 2004 Sestini et al., 20Q06Melani, 2007 Melani et al., 201l These have been
confirmed by limited objective measurements of inhalation param@esdman et

al., 1994 Broeders et al., 2003and an Aerosol Imalation Monitor(Sarvis et al.,
2004 Hardwell et al., 2010

Not using a slow inhalation followedylgood ceordination between the start of an
inhalation and dose actuati are the most common erro@ther problems are not
shaking tle pMDI, failure to exhale, theotd-freon effect not inhaling as much as
possible and teath holding(Crompton, 1982)b Only 8% of adult asthmatics used
their pMDI with a slow flow and good eordinatian (Al-Showair et al 2007A).

When used correctly, only about 1&26% of the nominal dose reaches the targeted
airways (Newman, 198b However, only a small amount is needed to produce a
useful clinical effect and despite the consistgnbblems with pMDI inhaler

technigue these products have and continue to provide significant healthcare benefit.

167



Although the guidelinegBTS/SIGN., 2009 GINA, 2011) do recognise this they do
appreciate that disease control could be improved without escalating the dose by
better inhalation technique and complianck.has been shown that good inhaler
technique is associated with better asthma control (Giraud & Roche, 2002; Al
Showair et al, 2008, reduced inhaled corticosteroids (Kamps et 2003) and
significantly less hospal admissions as well as acute exacerbations (Melani, et al
2011).Thus patients with poor technique get -sytimal benefit from their inhalers

and this could translate into escalating doses and hence prescrigioarit other
healthcare costdt has been estimated that half the patients do not get the full
therapeutic benefit from their inhalers due to pwmdralertechnique (Crompton &
Duncan, 189). Improving inhalation techniqueoald be one method of achieving
the GINA challenge which is toeduce hospital admissions due to asthma by 50%
over the next 5 year@-itzgerald et al., 20)1A complete healthcare package that
includes inhaler technique training in Finland has shown significant healthcare
benefits and reduicin in healthcare cos{slaahtela et al., 2006

To compliment traditional subjective assessment of inhaler technique objective
measurements could be used to target the steps of the inhalation manoeuvre that the
patient des not perform as recommendé&ture 4.1 describes an inhalation profile
when a subject uses a pMDI.

This profile identifies when the patient depressed the pMDI canistesr(ioation)
where Tsin is the time between the start of thalation and actueitgy a doseAlso

the peak inhalation flow (P)Fthe duration of the inhalation (Ti) and the inhalation
volume (IV) can be identified.inking these to spirometry the ratio of the inhaled
volume to the forcedital capacitycould be used to identify if theatient exhaled

and that during the inhalation they inhaled as much as possible
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Inhalation
Volume (Vin)

Tsln) Inhalation time (Ti)

Figure4.1. The inhalation flow with respect to time when using a pMDI.

The aim of this study was to measure electronic profiles of patiengs ey
inhaled through their pMDIs using their normal, untrainesl rlife inhalation
technique.Using these objective methods the errors made with respect-to co
ordination and peak inhalation flow have been identified and an assessment of their
inhalation volume has been madgorrelations of these parameters to spirometry
have also been made.
4.2 Aim and Objectives
4.2.1 Aim
. Identify the inhalation parameters of patients (children with asthma, adults
with asthma and COPD patients) when they iatlatough a pMDI.
. Use the inhalation parameters to identify inhalation technique errors with
respect to flow, cerdination and inhaled volume.
. Evaluate if there are correlations between the inhalation parameters and the

indices of spirometry.

169



4.2.2 Objective (s):

% Measure the inhalation profiles of children with asthma (CHILD), asthmatic
adults (ADULT) and COPD patients (COPD) when they inhale through a pMDI
XVLQJ WKHLU pUHDO OLIHY WHFKQLTXH

¥ ldentify peak inhalation flow rate (PIF), inhalation volume (I\@ngth of
inhalation (Ti) and the time of dose actuation with respect to the start of an
inhalation. (TslIn)

¥ Use the inhalation parameters to identify inhalation technique problems

¥, Correlate the inhalation parameters to spirometry.

¥ Identify the levels otontrd (ACQ and AQLQ in asthmatics; 3% in COPD).
4.3 Methods

4.3.1 Study design
NRES research ethics approval from the Yorkshire and Humber Research Ethics
Committee +Bradford was obiaed (ref number 09/H1302/64%table asthmati
(adult and childrenand COPDpatients who were attending an -qatient NHS
clinic and were prescribed a pMDI were invited to take part. The study objectives
and procedure were described to the patients (including the parents/guardians of
asthmatic children) using relevanatient information sheetAPPENDIX Al-A-2
andA-3]. All gave signed informed consent. [APPENDNG].
The NHS Hospitals were:

¥ Airedale General Hospital, Steeton, West Yorkshire, UK.

¥ Leeds General Infirmary, Leeds, UK.

¥ Bradford Royal Infirmary, Bradford, @&t Yorkshire, UK.

¥ 6W /I XNHYV +RVSLWDO %UDGIRUG :HVW <RUNVKLUH
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() Inclusion Criteria:

¥ Male or female

¥ Stable asthma or COPD

¥ Asthmatic: children aged-57 years and adults 18 years

¥ COPD patients > 55 years

% Prescribed pMDI

¥ Signed informedconsent form (including the parent/guardian of asthmatic
children).

(b) Exclusion Criteria:

¥ Limited ability to understanfimplement the study procedures and instructions

¥ Other pulmonary diseases (e.g. TB, pneumonia)

¥ Acute exacerbation or oral short course of high dose prednisdloimg the last
4 weeks.

¥, Patient participating in another clinical research study at the tinwe iof the
past 3 months.

Y. pregnant

(C) Design

(DFK SDWLHQWTTV JHQGHU Dd dbtaikdd LidgetewihQ@lieir ZHLIJKW
current medicationTheir spirometry (PEF, FEMand FVC) was measured using a
MicroLoop Spirometer (Cardinal Health) and their % predicted values were

calculatedGore et al., 1995

The patients were asked to complete the following;
¥, 1855 years: Asthma Control @stionnaire (ACQ) and Juniper Asthma Quality
Of Life Questionnaire (AQLQ) (Juniper et al 1999d; ijpen et al., 2006)

[Appendix A-6 and A7 respectively].
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¥, 4-17 yearsPaediatric Asthma Quality Of Life QuestionnajfRAQLQ) (Juniper
et al, 1996p ad 3DHGLDWULF $VWKPD &DUHJLYHUTV
QuestionnairfPACQLQ)[ APPENDIX A-8, A-9] (Juniper et al., 1996
¥» &23' SDWLHQWYV FRPSOHWHG WKH 6W *HRUJHYV 5HV
[APPENDIX A-10].(Jones et al., 1991
Each patient, made two inhalations using their normal inhalation technique through
an emptypMDI that was attached tonainhalation profile recorder-rom these
inhalation profiles the peak inhalation flow (PJFinhalation volume (IV), the time
between actuation and the start of an inhalation (TsIn) and the duration of the
inhalation (Ti) wereobtained. The inhalation profile with the slowest peak inhalation
flow was chosen for the final data analysis.
Co-ordination was defined as GOOD if TsIn wa®.@ secondgFarr et al., 1995
EARLY if < 0 seconds and LATE if 8.2 seconds. Some patits did not actuate a
doseduring their inhalation (DNA)Flow was classified as SLOW if 20 L/min
(Newman et al, 1980, Newman et al, 1982; Farr et al, 1995; Pauwels et al, 1997) and
FAST if >90L/min with those 3200 L/min futher classified as VERY FAI Those
with good ceordination and slow flow were defined as using a GOOD technique.
Also a IV/FVC ratio >60% (Farr et al, 1995) suggested that they used a complete
inhalation.
The measurements were made during a single visit and patients were free to
withdraw from the study at any time. They could also be withdrawn from the study
by their doctor or at the discretion of the investigator(s) if they violated the study
plan, were unable to follow the protocol procedures and / or for any other safety or

clinical reasons.
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4.3.2 Statistical Analysis

The statistical analysis of the study data was carried out using the Statistical Package

for the Social Sciences (SPSS for window version 17) softwée study data was

first classified into scale, categorical (nmal) or ordinal categories, as appropriate,

and an SPSS dataset was then set up for the analysis. The statistical analysis was

performed and presented as follows

¥, Descriptive statistics: mean and standard deviation.

¥ For scale data; normal distribution thfe data was examined using histograms
and statistical tests for normality; the Kolmogof®mirnov and Shapiravilk
tests

¥, Comparisons (differences) of measurements through different inhalers within the
same group were performed using the related (pas@uples -test (for
parametric data) and the Wilcoxon test (for qpamametric data)

¥ Comparisons (differences) of measurements between different the groups were
performed using the independesatmples -test (for parametric data) and the
MannWhitney U test (for norparametric data).

¥, Correlations between the ACQ and the inhalation parameters and between the
spirometry indices and the inhalation parameters wenged out.The data was
first tested for normality (as described above) to determine the usihef

SHDUVRQYV 1RUPDO GDWD RU 6SHDUPDQYV UKR QF
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4 4 Results

4 .4.1 Patients

Table 4.1 describes the 181 patients that completed this study.

Table 41. Demographic data dhe patients. Value are means (SD) unless stated

otherwise.
ADULT +
Characteristics CHILD ADULT COPD
CHILD
Number (n) 20 130 150 31

Age (years) 8.9(3.3) 39.7(9.2) 35.6(19.2) 67.2(11.6)

Sex (M/F) 14/6 33/97 47/103 16/15
Height(cm) 133.4(20.6) 167.1(9.2) 162.6(16.1) 167.3(10.9)
Weight (Kg) 35.8(17.7) 75.5(14.8) 70.2(20.3) 77.7(12.3)
FEV; (L) 1.74(0.58) 2.58(0.77) 2.47(0.80) 1.27(0.61)
FEV, (% pred) 53.9(13.1) 77.9(21.1) 74.721.9) 55.2(34.0)
FVC (L) 1.88(0.61) 3.13(0.95) 3.00(1.00) 2.06(0.81)
FVC (%predicted)| 47.0(21.4) 78.3(22.1) 74.2(24.4) 57.4(19.9)
PEF(L/min) 201.3(70.7) | 339.6(105.2) | 321.1(111.6) | 178.9(94.1)
PEF(% pred) 52.0(15.1) 74.4(23.3) 71.4(23.6) 40.2(21.0)

Classification of the severity of their obstruction according to freidicted FEY is

presented in table 4.2.

Table 42. Severity of patients.

CHILD ADULT CHILD+ADULT | COPD
Mild 10 63 73 5
Moderate 7 45 52 7
Severe 3 22 25 19
Very Severe N/A N/A N/A 0
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The mean (SD) ACQ of the adult asthmafics130) was 1.660.93) with 22 below
0.7, 40 between 0.71 and 1.49, and 68 above ¥hd&r mean (SD) AQLQ was 4.35
(1.23).The mean (SD) PAQLQ of the children was 4.73(1.19) and PACQLQ

was 4.35 (1.05). The mean (SD) SGRQ of CQRibents wa$0.6(18.5)

4.4.2 Inhalation parameters and coordination
A summary of the pMDI inhalation characteristics of the patients is presented in
Table 4.3.

Table 43. Mean (SD) inhalation parameters

CHILD ADULT CHILD+ADULT COPD

Profile with slowest PIFR

PIF (L/min) 70.5(36.4)] 131.4(60.8) 123.2(617) 70.9(28.1)
IV (L) 0.88(0.60)| 2.04(0.91) 1.99(0.96) 1.05(0.56)
Duration (Ti) 1.25(0.46)| 1.68(0.82) 1.62(0.79) 1.44(0.65)
IV/IFVC ratio (%) | 50.0(29.7)| 65.9(23.1) 67.4(24.7) 57.3(32.4)

The PIs of each individual from the slowest profile are presented in Figureti2
Those for the inhalatiovolume are shown in Figure 4457 and tke inhalation times
in Figure 4.84.10 with the time between actuation and the start of an inhalation

(TsIn) infigure 4.11
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Figure 42. Thedistributionof the geak inhalation flowfrom thefast and slow
inhalation profilesthrough the pMDby children with asthma
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Figure 43. The distribution of thegmakinhalation flow from thefast and slow
inhalation profiles, through the pMDI by ti@OPD patients
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Figure 44. ThePeak inhalation flow, from thefast and slownhalation flow
profiles,through the pMDI fothe adults withasthma.
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Figure 45. The nhaled volumefrom thehigh and lowinhalation profil