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Introduction We have previously shown that artificial neural
networks (ANN) can be used to generate in vitro-in vivo correlation
(IVIVC) models to predict the bronchodilator response (BR) to
inhaled salbutamol (SB) delivered by polydisperse aerosols from dry
powder inhalers and nebulisers in asthmatic subjects.1 BR was
highly dependent on aerodynamic drug particle size (APS).
Objectives ANN software was therefore used in this study to model
in vitro and in vivo data from 18 mild-moderate asthmatics
receiving monodisperse (uniform drug particle sizes) SB aerosols of
1.5, 3 and 6 mm MMAD in a cumulative dosing schedule of 10, 20,
40 and 100 mg.2 The intention of this strategy was to explore the
impact of APS on BR using accurate clinical aerosol science data and
construct a model able to predict in vivo clinical outcomes in
individual patients.
Methods Input variables to the model were APS, body surface area
(BSA), age, pre-treatment forced expiratory volume in 1 s
(FEV1)%predicted, forced vital capacity (FVC), cumulative emitted
drug dose and bronchodilator reversibility to SB 200 mg metered
dose inhaler (REV). These factors were used by the model to predict
the BR (%DFEV1) at 10 (T10) and 20 (T20) min after receiving each

of the four doses for each particle size. Predictability of the model
was assessed using unseen data.
Results Generated models reliably predicted in vivo performance
(BR) in individual subjects with coefficients of determination (R2)
>0.8. The average error between predicted and observed BR for
individual subjects (unseen data) was ,4.5% across the cumulative
dosing regimen. Increases in APS and drug dose gave improved BR
(%DFEV1) (fig 1). Models showed trends towards improved
response in younger patients and those having greater REV.
Conclusions ANN models were able to accurately predict the in vivo
BR for inhaled monodisperse SB aerosols in individual patients from
knowledge of APS, drug dose and subject characteristics. These data
confirm our previous findings that APS can be used to discriminate
predictably between aerosols giving different BR. ANN therefore
have the potential to be applied across a range of inhaled drugs to
generate IVIVC models, thus limiting human and animal experi-
ments.
1. de Matas M, et al. Eur J Pharm Sci 2008;33:80.
2. Usmani OS, et al. Am J Respir Crit Care Med 2005;172:1497.
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Introduction Gamma scintigraphy (GS) of the lungs can considerably
enhance our knowledge of the deposition of inhaled drug aerosols in
vivo. Most lung deposition studies use polydisperse aerosols
(aerosols produced from current clinical inhaler devices) that deliver
a coarse spray of particles with many different sized drug particles,
which are unable to accurately investigate the relationship between
clinical airway effects and inhaled drug particle size. Monodisperse
aerosols are a fine mist formulation comprising drug particles of
uniform size that enable the precise regional airways targeting of
inhaled drug within the lungs and allow detailed investigation of
the effects of drug particle size.
Objectives We describe a method to ‘‘tag’’ monodisperse fluticasone
propionate (FP) aerosols using radiolabel (Tc-99m) and determine in
vitro whether FP and Tc-99m were correctly matched for different
drug particle sizes using an Andersen Cascade Impactor (ACI).
Methods FP nebules were mixed with ethanol and Tc-99m and
delivered to a Spinning Top Aerosol Generator to generate
radiolabelled monodisperse aerosols. FP aerosols of particle size
1.5 mm, 3 mm, 6 mm MMAD were sampled using an ACI at an

Abstract P131 Figure 1 Response surface plot showing typical relationships
between aerodynamic particle size (MMAD) and cumulative emitted drug dose on
bronchodilator response (BR) at 20 min after inhalation (T20) of monodisperse
aerosols.

Abstract P132 Table 1

ACI stages (mm)

Monodisperse aerosol size

1.5 mm 3 mm 6 mm

FP (%) R (%) FP (%) R (%) FP (%) R (%)

9.0–10.0 0.8 0 1.5 0 20.5 22.2

5.8–9.0 0.5 0 1.5 6.1 28.9 33.3

4.7–5.8 0.8 0 5.8 6.1 30.0 33.3

3.3–4.7 3.2 14.3 51.7 59.2 19.4 11.1

2.1–3.3 33.3 42.9 31.0 24.5 0 0

1.1–2.1 51.1 42.9 6.2 4.1 0 0

0.7–1.1 4.3 0 2.1 0 0 0

0.2–0.7 5.4 0 0.2 0 0 0

ACI, Andersen Cascade Impactor; FP, fluticasone propionate; R, radioactive count.

Poster sessions

Thorax 2009;64(Suppl IV):A75–A174 A131

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2009.127175 on 1 D

ecem
ber 2009. D

ow
nloaded from

 

http://thorax.bmj.com/


inhaled flow of 28 l/min. Radioactive counts were measured using a
gamma camera. FP drug concentration was determined using HPLC.
Results Percentage FP deposition and radioactive counts (R) were
well matched on all ACI stages (particle size ranges given) for the
three monodisperse aerosol distributions (table 1, N = 3 experi-
ments each). The ratios of FP%/R% were constant on each ACI
stage (particle size range) for each monodisperse aerosol size.
Conclusions Our in vitro experiments show monodisperse FP drug
aerosols can be successfully radiolabelled and that the radiolabel
does not alter the particle size distribution of the drug formulation.
This validation allows for future precise in vivo scintigraphic
investigations, using monodisperse aerosols, of the perceived clinical
importance of targeting inhaled corticosteroid formulations to
different lung regions in different disease states and severities.
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Introduction and Objectives A European patient survey in 2006
showed that the majority of treated asthma patients (55%) are
poorly controlled.1 A 2008 survey2 aimed to reassess the level of
asthma control in Europe. We investigated if asthma control in the
UK had improved and the implications for patients and clinicians of
rescue use of >2 puffs/week.
Methods A detailed population-based cross-sectional survey carried
out in 2008 in France, Germany, Italy, Spain and UK was
administered to a sample of individuals drawn from an internet
panel. The Asthma Control Test (ACT)3 was used to assess level of
control: at least well-controlled (ALWC) asthma (score 20–25) and
not well-controlled (NWC) asthma (score (19). The SF-12
questionnaire was used to assess health-related quality of life.
Results Of 15 000 UK respondents, 1523 were diagnosed asthma
patients (mean age 45.3 years). 1362 (89.4%) of asthma respondents
were receiving treatment for asthma. Of these, 697 (51.2%) were
NWC in 2008 compared with 45% in 2006.1 590 (84.7%) of the
NWC patients used rescue medication >2 puffs/week. Table 1
compares NWC and ALWC patients.
Conclusions The level of asthma control in the UK has not improved
since 2006.1 NWC patients experienced significantly more night-
time awakenings and visited their physician more frequently than
those with ALWC asthma. Furthermore, these patients were less

able to perform physical (eg, housework, sports) and social
activities. This survey suggests that rescue medication use of
>2 puffs/week is a useful way of identifying NWC patients for
further assessment (eg, using validated tools such as ACT) to ensure
that these patients are optimally managed and treated according to
BTS/SIGN guidelines, with the goal of improving quality of life and
asthma control in the UK.

Asthma Control Test is a trademark of QualityMetric Inc.
GlaxoSmithKline purchased the survey data from Consumer Health
Sciences International.
1. Desfougeres JL, et al. Abstract 1589, ERS, 2007.
2. Walters R, et al. Abstract 167, EAACI, 2009.
3. Nathan RA, et al. J Allergy Clin Immunol 2004;113:59–65.
4. GINA Report. 2008.

COPD: a1-antitrypsin deficiency and other
manifestations
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Introduction The presence of lower airway bacteria in stable state
chronic obstructive pulmonary disease (COPD) is associated with a
heightened inflammatory response.1 In most cases, only a single
potentially pathogenic microbe (PPM) is isolated but about 20% of
patients will have co-colonisation with two PPMs. We hypothesised
that the magnitude of inflammation would differ according to the
number of PPMs present.
Methods Patients with COPD who had been followed in our cohort
for .1 year were sampled at 6-monthly baseline visits. Patients
were symptomatically stable at these visits and had not had an
exacerbation or antibiotic use in the preceding 6 weeks. Serum was
taken for the acute phase response mediators interleukin 6 (IL6) and
C-reactive protein (CRP) and spontaneously expectorated sputum
was collected for standard microbiological culture. To ensure that
the samples reflected the stable state, they were subsequently
excluded from analysis if an exacerbation occurred within 2 weeks
of the visit. Salivary sputum (.25 epithelial cells/low power field)
was also excluded.
Results There were 196 patients with 479 sputum samples (47% 0
PPM, 42% 1 PPM, 11% 2 PPM). Their mean age was 68.0 years (SD
8.1); 61% were male; forced expiratory volume in 1 s 47.1 (18.3)%
predicted and 49.8 (36.7) pack-years smoking history.
Conclusions CRP was significantly higher in dual versus single PPM
airway colonisation in the stable state and this may be related to
bacterial load (table 1). Dual pathogen colonisation may have a
contributory role in the pathogenesis of systemic complications and
declining lung function, both of which have been linked to elevated
systemic inflammatory markers.
1. Wilkinson TMA, Patel I, Wilks M, et al. Airway bacterial load and FEV1 decline in

patients with chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2003;167:1090.

Abstract P133 Table 1

NWC
patients

ALWC
patients p Value

% with night-time awakenings (>1/week) 58.2% 1.8% ,0.001

Mean visits to physician about asthma in past
12 months

2.53 1.10 ,0.001

SF-12 Physical Functioning score 39.84 47.19 ,0.001

SF-12 Social Functioning score 39.25 46.52 ,0.001

ALWC, at least well-controlled; NWC, not well-controlled.

Abstract P134 Table 1

Inflammatory markers 0 PPM (median (IQR)) n 1 PPM n 2 PPM n p Value*

CRP (g/dl) 4.0 (2.0–7.8) 69 4.9 (2.0–8.0) 53 13.0 (6.0–22.0) 9 0.01

Serum IL6 (pg/ml) 4.6 (2.9–8.3) 77 5.3 (3.4–8.4) 58 6.0 (5.2–10.1) 15 0.26

CRP, C-reactive protein; IL, interleukin; PPM, potentially pathogenic microbe.
*Comparisons were made between sputum samples containing one or two PPMs using the Mann-Whitney U test.
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