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Abstract

Bronchiectasis is characterised by chronic cougliystive of mucopurulent sputum
and frequent exacerbations. We have aimed to validhnical, biochemical and
microbiological endpoints to aid planning of futuméerventional studies. We recruited
fifty-eight subjects with bronchiectasis at the gubefence unit (Papworth Hospital,
Cambridge) and studied them in stable state (ngcegkation in the preceding four
weeks) and during an exacerbation over a periotivof years. The results of our
research are discussed in this study. Clinical sgmp: Cough chest pain, chest
discomfort, colour and volume of sputum and fatigueasured by a visual analogue
score are useful endpoints. Breathlessness isableekendpoint when measured using
either a visual analogue score or modified Borgtathlessness score. Health related
guality of life measured using the Euroqol questaire is a sensitive marker of
change during an exacerbation. The St George'siraésgy questionnaire did not
demonstrate a significant change during an exatierba Spirometry: Forced
expiratory volume in the first second (actual amacpntage predicted) and Forced
vital capacity (percentage predicted) do not chamfyging the course of an
exacerbation. Forced vital capacity actual may s$edwas an endpoint. pH of exhaled
breath condensate in bronchiectasis is lower timahealthy subjects but does not
change during the course of an exacerbation. Spajpearance is a valid endpoint
while 24hour volume of sputum and microbial cleamrand anti-pseudomonal
antibody titres cannot be used. ESR and seruns tittéFN+, TNF-a IL-6, IL-8, IL-

10, IL-17 and IL-B and titres in sputa of IFM-IL-6, IL-17 do not change during an
exacerbation. C-reactive protein and titres in @pot TNFe, IL-8 and IL-13 are
effective indicators and can be recommended for aseend points in therapeutic

interventional trials.
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Chapter 1

Introduction

1.1 Non Cystic Fibrosis bronchiectasis

1.1.1 Background

This affection of the bronchia is always produced by chronic catarrh, or by some

other disease attended by long, violent, and often repeated fits of coughing.
R.T.H. Laénnec [1]

Despite being regularly exposed to particulate @natbntaining bacteria from the
environment, the healthy lung is kept “free of pathns” by efficient defence
mechanisms [2]. However structural abnormality ofrizhi predisposes to recurrent
infection. Bronchiectasis is a descriptive term fdynormal chronic dilatation of
bronchi. Such damage is the end result of a viciyate of infection and inflammation
arising from a number of causes either acquirednberited [3, 4]. The age of
presentation of bronchiectasis is 10-20 years dftercausative incident. The initial
insult results in structural damage to the airwlaytime superimposition of chronic
inflammation on the anatomic damage leads to furtmormalities and symptoms
occur [5, 6]. This infection remains confined te thung and has therefore also been

referred to as ‘chronic bronchial suppuration’.



Bronchiectasis is the morphological definition dfet disease characterised by
permanent dilatation of the bronchi. It has beetegarised according to the
pathological appearance of the airways. This d&imihas remained for more than
half a century. The more recent use of high reeoiutomputed tomography (HRCT)
has made the identification of this morphology oebsier. Three distinct forms of
bronchiectasis are described: Cylindrical or tuularicose and cystic bronchiectasis.
Cylindrical bronchiectasis is dilatation of thevedys alone, Varicose bronchiectasis is
characterised by focal constrictive areas alongsehalilated airways. Cystic
bronchiectasis is the term used for dilated airwthgs end in large cysts, saccules or

grape like clusters [7, 8].

The disease itself can be focal and confined tmgleslobe or segment of the lung.
This may happen if bronchial luminal blockage osceither due to a broncholith,
foreign body [9] or a slow growing tumour. A middlobe syndrome may cause
obstruction, collapse and consolidation of theallifing and persistent suppuration
[10]. Occasionally post-operative changes may tdauh narrow bronchus that may
cause distal bronchiectasis in time [11]. Diffubgease is seen in more severe cases.
This kind of disease is usually associated withystesnic aetiology such as cystic

fibrosis (CF) [8, 12].

Bronchiectasis is generally classified into CF and CF bronchiectasis. In this study

we refer only to non CF bronchiectasis unless etlser specified.



1.1.2 Prevalence of bronchiectasis

Bronchiectasis unrelated to cystic fibrosis hastteemed an “orphan disease”. There
is little direct evidence for the incidence or pakance of bronchiectasis. Hospital
admissions and healthcare resource utilisatiohénRinnish population has decreased
by fifty per cent between 1972 and 1992 [13]. &wlhg the introduction of antibiotic
therapy, control of tuberculosis and effective waation for whooping cough and

measles, there has been a decline in the incid#rim®nchiectasis [3].

Currently it is estimated that more than 110,000ltadn the US have bronchiectasis
[14]. This ranges from 4.2 per 100 000 persons 484 years to 271.8 per 100 000
among those aged 75 years or older [4]. The amhesth rate from bronchiectasis is

estimated at 970 (NHLBI 1999).

In the UK, in 2002-03, bronchiectasis accounted @06% (7,605) of hospital
consultant episodes. Seventy eight per cent of itabsponsultant episodes for
bronchiectasis required hospital admission. Thenmeagth of stay in hospitals was
10.5 days. For hospital consultant episodes fomdiriectasis, 15-59 year olds
accounted for 37%, while over 75 years for 22% (Htas Episode Statistics,
Department of Health, England, 2002-03). In additio this, up to 29% of patients
with chronic obstructive airways disease may hawdemce of bronchiectasis on high

resolution computed tomography (HRCT) [15] .

Bronchiectasis is more prevalent in developing toes but is not well characterised.
Although with improved sanitation and nutrition, trisduction of childhood
immunization, and the early and frequent use dbantics a decline has been noted in

its prevalence, the disease is still a problemeiwetbping countries [16].



All reports from studies of adult patients confierpredominance of women who are
lifelong non-smokers. This is particularly notakite patients who have onset of
symptoms in middle age and symmetrical lower loseake [16-21]. Mean age at

presentation is between 57 and 67 years [17, 31, 22

1.1.3 Pathophysiology of bronchiectasis

Bronchiectasis is the irreversible dilatation obtk airways that have a normal
diameter of >2mm. This pathological dilatation iaused by the destruction of
muscular and elastic components of the airways. Walis process of bronchial wall
weakening is poorly understood. Rather than beisiggle process, it is accepted to be

a result of a number of pathophysiological proce$28].

In health there are four possible outcomes fordyecinhaled into the bronchial tree.
Firstly there is immediate clearance by mucociliagparatus [24]. Then there is
asymptomatic carriage which occurs in some broiscpdtients between exacerbations
[2, 25] and lastly this may be followed by eithecdl mucosal inflammatory reaction

or invasion of bronchial wall and lung parenchyi@h [

The mucociliary system is the most important fiise defence mechanism [26].
Anatomical or physiological dysfunction in the mauoiiary apparatus results in

impaired mucous clearance and retained secretiahste observed in bronchiectasis.

Coordinated ciliary motion is essential to effididvacterial clearance. In primary
ciliary dyskinesia there is inherent ciliary dysftion. Some bacteria also produce
factors that slow and disorganise the beating d¢f.ciCiliary dysfunction thus

facilitates bacterial binding to the epithelial fage [26].

4



Viscid secretions are commonly seen. The illnesslated to thick retained secretions
causing obstruction and mechanical distension efainways. This distension may
persist even when obstruction is cleared [8, 23hst@uction itself may cause
parenchymal atelectasis perpetuating bronchiataditan. Also fibrosis and scarring

from parenchymal disease leads to traction on tbwedhial walls [23].

The purulent secretions contain mucous glycopretaimd abundant amounts of DNA.
DNA is an extremely viscous polymerised polyani@7][ Variants of an amiloride
sensitive epithelial sodium channel (ENaC) regulageene may also contribute to this

effect [28].

The ionic content of secretions may also affectiueociliary transport. Regulation of
these features relies on active ion transport aceosontinuous epithelial layer and
intact tight junctions. In animal studi€®seudomonas aerugino$eas been shown to
disrupt these tight junctions. Separation of tightctions has also been observed in

human nasopharyngeal cultures infected Widlemophilus influenzg@9, 30].

Bacterial colonisation occurs in these secretiassing inflammation locally. This in
turn causes bronchial wall damage and perpetuatfestion. The most widely
accepted theory is that of a vicious circle of sramural infection and inflammation
with mediator release This cyclical phenomenonoisstant and results in significant

morbidity [6, 31].

The bacteria that cause bronchial infections pesaegide array of potential virulence
factors. They may breakdown local immunoglobulincBaving protease antibodies or
reduce viability of circulating macrophages [PEeudomonas aeruginosae seen to
grow as continuous sheets over the mucous surdteafnd growth in such biofilms is

resistant to opsonophagocytic killing by neutropfii3]. Another interesting aspect in



the physiology of patients infected wiBseudomonas aerugino$a that it is one of
the limited bacteria that can synthesise hydrogamide. This may be important in its
pathogenicity. Cyanide is a highly toxic compouhdttdiffuses rapidly into tissues
and can inhibit aerobic respiration through iteiattion with the terminal oxidases of
aerobic respiratory chainBseudomonas aeruginosan synthesise a respiratory chain
terminated by a cyanide insensitive terminal oxdggl]. It raises the issue of which

symptoms of disease are related to prolonged expa$uung tissue to cyanide.

Many other mechanisms are implicated. Not all hbgen well studied to date. One
such theory implicates Nitric oxide (NO) which hamarked in vitro antimicrobial

properties. Therefore a decrease in production@fitlNbronchiectasis would result in
reduced local bacterial killing, thus facilitatimgpeated infections and colonisation

[35].

The relative contribution of host and microbialetatinants need to be considered as
this balance is the basis of the pathogenesisaichiectasis. Varied virulence factors,
multiple adhesins on the bacterial surface andipdalimucosal receptors have been
found for most pathogens. A greater understandirthese host-bacterial interactions

should, in the future, lead to development of neatment strategies [36].

1.1.4 Aetiology of bronchiectasis

Mucociliary clearance is the first line defence iagh potentially pathogenic
microorganisms (PPM). Kartageners syndrome, primaitiary dyskinesia and

Young's syndrome result in defective mucociliargartance. Ciliary immaotility results



in pooled secretions that can act as a nidus fection. Most patients will have a

positive family history for a similar condition [B7

Childhood infection was a common cause for brorethss. However with effective
childhood vaccination strategies, measles and wihgopause are now less prevalent
[38]. Yet up to 50% of patients may still have astpimfectious cause for their
bronchiectasis [21]. Mycobacterial disease botlicglpand atypical is known to cause
bronchiectasis.Mycobacterium aviumcomplex in particular is known to have a
subtype that affects older women usually in thatrigiddle lobe and lingula. This is a
very slow process [39]. Attributing bronchiectatgisa primary pulmonary infection is
thought to be complicated as this relies on lomgnteecall. Also patients with immune
disorders are likely to suffer recurrent infectionschildhood and this may cloud the
history [40]. Fungal plugs and eosinophilic peritebial inflammation seen in

Allergic bronchopulmonary aspergillosis is alsooasated with bronchiectasis [40].

Hypogammaglobulinemia and HIV infection are alsmwn to cause bronchiectasis
[40]. Hypogammaglobulinemia can be classified ip@atients with low levels of
Immunoglobulin G (Ig G) such as common variable imdeficiency and Burton’s
disease, and other forms such as Ig A deficiendylgnG subclass deficiency [40].
Bronchiolitis oblitrans complicating lung transpias also known to be associated

with bronchiectasis [40].

Mechanical aspiration can cause repeated insuttsettung and result in bronchial and
parenchymal damage. Patients with oesophagitiaadphageal strictures are known
to have a higher incidence of bronchiectasis [#l]higher than expected rate of

Helicobacter pylorisero-positivity is noted in these patients [42].



Another group of patients with bronchiectasis issth with rheumatoid arthritis and
inflammatory bowel disease. The bronchiectasis npagcede the arthritis. It
prevalence can vary between 3 — 30% in these psi{i¢@, 43, 44]. Inherited disorders
causing bronchiectasis may be genetic. An older grgeip at presentation makes
genetic disorders less likely [5]. Consanguinitypafents is sometimes seen in up to

37.2% of patients [45].

Last but not least, a cause may never be founthéodisease in many patients. This
can be as high as 50% of a diseased population pMbireatment can be modified
when a cause is found [18], these patients may mhiesopportunity of optimal

therapeutic benefit.

1.1.5 Clinical features of bronchiectasis

Virtually all patients with bronchiectasis have augh [8]. In a large retrospective
study from Texas, cough was reported by 90% ottteort [5]. In a similar group of
patients studied in stable state, 40% had a coaghmbre than 50% of days. The
presence of this habitual coughing has been showexért a relative influence on
Health related quality of life (HR-QoL) [46]. In é¢hpaediatric population reports of
symptoms vary. Chronic cough has been reportedhascobmmonest presenting
symptom (83.3% of patients) in some studies [2§, w#bile other workers have
reported it as the second most common symptom idferated chest infections [47].
Patients often suffer social embarrassment fronr ttwmugh [40]. The aetiology of
cough may be multi factorial. Neutrophilic inflamtimn within the airways in

bronchiectasis is thought to cause an acidic enmiemt. Endogenously reduced pH



causes potential discharge i And C fibres of airway afferent nerves in guinggsp
both of which mediate the cough reflex [48]. Alduck viscous sputum in larger

airways induces cough [40].

Sputum produced has variously been described asidjumucopurulent, thick,
tenacious, or viscid. Blood-streaked sputum oricephaemoptysis may be seen as a
result of erosive airway damage caused by infed8pnPatients may produce mucoid
sputum early in their disease, developing purulgpgitum when they suffer an
exacerbation [20]. Haemoptysis has been reportethetoa frequent phenomenon
(51.2%) with the episodes tending to recur and eaistl one episode when the
haemoptysis exceeds a tablespoon of blood. Dailtusp producers are more frequent
than patients who only produce sputum during arcexkation [5]. Other groups have
reported a lower frequency of only 20% of patiecasmplaining of haemoptysis [46].
In the paediatric population this is less commonoung children rarely expectorate
sputum [49]. The volume of sputum is thought tad@ase during an exacerbation. This
may paradoxically reduce if the secretions aré&gtémd difficult to clear [50]. Sputum

volume is correlated with the quality of life anectine in lung function [40, 46, 51].

Dyspnoea is another commonly reported symptom. detsaof expressions such as
"out of breath," "can't breathe,” or "chest tiglssiecan be used by patients when
describing their symptoms. This suggests that @atient has a different rather than
single sensory experience [52]. Aetiologicallystiiay be related to mucous plugging
or to increased inflammation within the airways. 10p71% of patients may complain
of dyspnoea in one form or another [5]. It is leesnmon in the paediatric group and
reported in much lower frequency [8.8%] [45]. Sosuwbscales of the St Georges
Respiratory Questionnaire are significantly catedl to dyspnoea, daily sputum

production and wheeze [53]. A lower dyspnoea sioeepredictor of mortality [21].



Chest pain may be pleuritic and present in 20-38%4(]. These range from dull aches

to sharp pains. Joint pains may also occur [50].

Fevers are reported as common by some [5] andyaoghers [50]. Our experience is

that it is an uncommon finding.

Chronic rhino sinusitis may be present. Frequerasytbeen reported from 20-30% [20]
to 60-70% of patients and ranges in severity frorméd postnasal drip to fulminant

pan sinusitis [40].

Fatigue is a symptom that needs specific questiphbint may be a dominant symptom
for up to 70% of patients [40]. These symptoms @ften out of proportion to the

severity of disease and accepted by the patidiiegsare long term issues [50].

Recurrent lower respiratory tract infections arenowmn [28] and patients often seek

help. Children may show failure to thrive and reztliexercise tolerance [47].

Bronchiectasis may be complicated by lung abscegsesimothorax and empyaema

[40].

Regardless of the aetiology, symptoms include dbroaough, mucopurulent sputum
production, haemoptysis, dyspnoea and tiredneshoédh chronic suppuration is
present, clinical manifestations of sepsis areemuient. Pyrexia is not commonly
reported in bronchiectasis. It is not complainecbpfpatients and is rarely recorded
during inpatient episodes. This may be due toeraokce that is developed by patients

to persistent sepsis.

Digital clubbing was commonly described in the padbre recent reports suggest a
prevalence of only 3% [5, 8]. Clubbing may be sesnpart of an entity called

hypertrophic osteoarthropathy which include peiiisst arthritis and sometimes
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thickening and oedema of the skin around the aftefints. Pulmonary diseases such
as bronchiectasis and cystic fibrosis are knowrbdoassociated with hypertrophic
osteoarthropathy. Hypertrophic osteoarthropathyuis to the peripheral impaction of
megakaryocytes and platelet clumps in the fingads taes, to which this particulate
matter has passed in an axial stream. The nornt@omary vascular bed retains these
large particles, which fragment before enteringgstemic circulation. A right-to-left
shunt allows them to bypass the pulmonary vastddr Platelets contain and release
platelet-derived growth factor, whose known effeattsild explain all the pathological
changes in clubbing. It may be associated with reed®onchiectasis and is less

frequently reported in milder forms [54].

Adventitious breath sounds on auscultation of thestinclude crackles, wheezing and

ronchi [8]. A clear chest does not exclude the rliesig.

Hemodynamic alterations due to bronchiectasis Haen described [55, 56]. Left
ventricular diastolic dysfunction has been desdrilmepatients with cystic fibrosis and
bronchiectasis [57]. Right ventricular systolic filygction and pulmonary hypertension
is more common than left ventricular systolic dysfiion in bronchiectatic patients
[58]. Right ventricular systolic function may bepaired in both these groups which

may be reflected in systemic blood pressure meammnes

Most patients with bronchiectasis will have visilslenormalities on CT scanning of
their nose and sinuses ranging from mild mucodakéming to pan sinusitis. Rhino
sinusitis is common and can be present in up to @D¢atients [40]. Chronic fatigue
is another symptom that most patients complairitafeeds specific questioning and

may be present in up to 70% of patients [40, 51].
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1.1.6 Diagnosis of bronchiectasis

Ninety per cent of chest radiographs are abnormahtients with chronic cough and
phlegm who have bronchiectasis. These findingsianspecific and may include focal
pneumonitis, scattered irregular opacities, lin@éelectasis or dilated thickened
airways that appear as tram lines [5, 8]. Howevéh whe introduction of high
resolution CT (HRCT) scanning, it has become mudisiez to diagnose
bronchiectasis. The standard HRCT criteria are wslablished [40, 59]. The most
specific criteria are internal diameter of bronchuider than its adjacent artery and
failure of the bronchi to taper. These criterialaased on comparisons between HRCT

and subsequently resected lung samples [59].

Spirometry shows a limitation of airflow in bronebtasis [8]. Mucous plugging and
bronchial inflammation results in this moderatenaly obstruction [40]. A reduced
forced vital capacity is often noted but is notgtiastic by any means. Airway hyper-
responsiveness is also noted in up to 40% of patief60]. This may lead to a
misdiagnosis of asthma in the early stages. Thikdaght to secondary to bronchial

inflammation [59].

1.1.7 Therapeutics of bronchiectasis

Identifying the underlying cause of bronchiectasidps in directing treatment [18].
Once treatable causes of bronchiectasis have bekrded, principles of management
include identification and treatment of acute exaagons, suppression of microbial

load, reduction of excessive inflammatory respopsemotion of bronchial hygiene,
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control of bronchial haemorrhage and surgical remha¥ damaged segments of lung

when appropriate [8].

1.1.7.1 Prevention of microbial infection and suggsion of microbial load

In the majority of population, treatment is largebnfined to rescue antibiotics during
an exacerbation. This has a limited effect on dieroimfections and disease

progression. Antibiotic prophylaxis therefore isappealing strategy [61].

The most commonly isolated pathogens Haemophilus influenzad’seudomonas
aeruginosaandStreptococcus pneumonif®]. Pseudomonas aeruginosaassociated
with increased sputum production and poorer qualitiife [8, 62]. Reduction in the

sputum volume may improve the quality of life [61].

Resistance toB-lactams in subjects wittHaemophilus influenzae, Streptococcus
pneumoniaeor Moraxella catarrhalisincreases from 11% to 26% and resistance to
gentamicin in subjects witRseudomonas aeruginog&reases from 13% to 49% over
a 5 year period when treated with these antibi¢fics. Patients with resistant bacteria
are significantly more likely to be hospitaliseddahmave a greater number of
exacerbations in a year [17]. The use of regulatesgic prophylactic antibiotics
therefore may be problematic due to side effectd davelopment of antibiotic
resistance [63]. It is important to encourage ctigpé parental antibiotic use and use

of multiple antibiotics simultaneously to try aretluce resistance [17].
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In an attempt to reduce the use of systemic atidsioinhaled or aerosolised
antibiotics have been tried. Inhaled aerosol predu high concentration of the drug
locally and reduces systemic absorption. They haJmetter side effect profile and
systemic complications are fewer. Side effectsuidelunpalatable taste, expense and a
hoarse voice. There is a small risk of bronchospagtminhaled antibiotics. The most
important drawback is that aerosolised antibioticsnot penetrate the deep lung. As a
result there is a concentration gradient betweenptioximal and distal airways. This
gradient encourages antibiotic resistance [64].gbmg and haemoptysis are other

limiting factors in the adoption of aerosolisedibintics in bronchiectasis [64].

Aerosolised Tobramycin has also shown to increaggifisantly the time to
exacerbation in patients with cystic fibrosis [68]. statistically significant fall in
bacterial density has been reported at 7 days Hfegapy with inhaled Tobramycin
[3, 66, 67]. Nebulised aminoglycosides improve sputPseudomonas aeruginosa
density and myeloperoxidase levels in bronchiéc{&8]. The regular use of inhaled
Tobramycin or Colistin can decrease exacerbatibrisny disease, decrease bacterial
counts, and improve pulmonary function in patieatdonised with Pseudomonas
aeruginosal3]. Significantly fewer admissions were noted irraamdomised control
trial where the active group received aerosoliseftaidime and Tobramycin for 12

months [69].

Various regimes including a single antibiotic ondawff for alternate months and
different antibiotics for alternate months haverbased. The safety and effectiveness

of these strategies are yet to be established [64].
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1.1.7.2 Anti-inflammatory therapy.

Inflammatory mediators are implicated in the pa#regsis of bronchiectasis. It would
therefore follow that suppression of this inflamioat locally with inhaled
corticosteroid therapy may be beneficial. Indeedtable state bronchiectasis, inhaled
corticosteroids improve 24hour sputum volume. Theprovements in spirometric
indices are small or none at all. Sputum purulermegnains unchanged.

Symptomatically cough is improved but exacerbatiequency is not altered [70, 71].

Daily sputum producers became unproductive wheratdde with long term
Azithromycin. The mechanism of action of Azithromyds not fully known but
immune-modulatory effects seen in lung transplaitepts along with antimicrobial
effects are thought to be responsible [61]. Thei-gsgudomonas effect of
Azithromycin may represent an inhibitory effect auorum sensing, biofilm
formation, production of immune-stimulatory exopwots and the inflammatory
response to the organism [72, 73]. Low dose erpiyoin is also known to down
regulate glycoconjugate release and improves lwmgtion and reduces sputum

production. However the long term effects are unkm§74].

1.1.7.3 Broncho-pulmonary hygiene and bronchiestasi

Airway clearance is an integral component in thenagement of bronchiectasis.
Physical therapy and mechanical aids in chest ptheiapy are used. The traditionally
used method of postural drainage (PD) is now repldxy the active cycle of breathing

techniqgue (ACBT). ACBT comprises breathing conttblracic expansion exercises
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and forced expiratory technique and postural dggngome of these can be done
independently while percussion and vibration ne@denthan one person. The flutter
valve is a simple mechanical device that produsedlating pressure on exhalation,
which helps loosen secretions and prevent airwaguce. Acapella is a handheld
device which combines positive expiratory pressuit high-frequency oscillation

therapy.

While efficacy is vital, tolerability of the procatk is an important consideration. PD
is less tolerated when patients suffer with gasgsephageal reflux. Discomfort and
lack of time also give mechanical aids an edge aophysical therapy. Early

acceptability and tolerability are likely to be lindntial in preference and ultimately
adherence [22]. While ACBT-PD has been perceivedigficantly more useful in

clearing sputum, it also causes more discomfortisuiche consuming. Patients prefer
a flutter valve to ACBT-PD. Sputum volume is alsormmwhen patients use ACBT-PD

[22].

Airway clearance technique prescriptions are fte. [Those that can be performed

independently in the domiciliary setting are likétyinfluence adherence.

1.1.7.4 Surgery and bronchiectasis

The role of surgery is limited in the post antidotra. The goals of surgery include
removing foreign bodies, obstructing tumours, aliation of segments that may be
contributing to acute exacerbations and removallobles if suspected to cause

haemorrhage [8].
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Lung transplant (LT) can be successfully perfornmd patients with advanced
bronchiectatic lung disease with subsequent goost-tpansplant quality of life.
Despite the presence of chronic lower respiratogpctt infection with bacterial
pathogens in these patients pre-transplant and-tgostplant infections do not
generally have significant impact on survival, aligh infection with antibiotic-

resistant bacteria may complicate post-transplamagement [75].

1.1.8 Prognosis in non CF bronchiectasis

Bronchiectasis is commonly disabling but not alfdisease. The prognosis of patients
with bronchiectasis remains unclear. While quadityife may be compromised fatality
is uncommon. Survival rates are as high as 97%,, 8% and 58% at 1, 2, 3 and 4

years respectively. The mean survival time is estiioh as 44+1.6 years [21].

Comorbidities increase the suffering in patientthwaironchiectasis. It is often difficult
to assess if these comorbidities are the causesattrof the bronchiectasis. Sinusitis is
seen in up to 31% of patients while gastro-oesogdlageflux is reported in 17% of

patients [22].

No significant radiological deterioration is seerotcur over periods almost as long as
a decade. The annual fall in FEWay be small but some patients go on to develop
respiratory failure [5]. The average age at death ihcreased in the last few decades

and the cause of mortality is now mostly relatecegpiratory failure [76].

In cystic fibrosis it is recognised that patienifwehronic infection witHPseudomonas
aeruginosahave reduced survival and a more rapid declinéduing function than
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patients with chronic infection witht&hylococcus aureu§7]. The evidence in non
CF bronchiectasis is limited and conflicting. It [®ossible that Pseudomonas
aeruginosa in non-CF bronchiectasis can causeesiatad decline in lung function but

this can be modified by the use of nebulised astiibtherapy [4].

Long term mortality is thought to be significantgsociated with age, body mass
index, MRC dyspnoea scale, vaccination, radiog@plextent, hypoxemia,

hypercapnia, and functional parameters [21].
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1.2 Acute infective exacerbations in bronchiectasis

1.2.1 Defining an acute exacerbation in bronchgsta

A patient may identify an acute exacerbation innitdectasis. The clinician or
researcher is usually guided by this to initiaatment. No standard definition has
been proposed or accepted as yet for an exacarbatlironchiectasis. However in an
attempt to understand, describe and measure aerbgtion various definitions have

been used.

A glance at practice in other respiratory diseasayg be useful. In chronic obstructive
pulmonary disease, increasing dyspnoea, sputumugtiod and worsening sputum
purulence is sometimes used whilst describing aerbation [78]. In Cystic fibrosis,

a significant fall in lung function (measured >200 mL reduction in the forced
expiratory volume in % secondFEV:), together with three or more of: increased
cough or shortness breath; increased sputum volume; increased spywrulence;

haemoptysis; fever (>37.5°C); new or increased kieadheard in the chest; new

shadowing on chest X-ray and weight loss is ofwed]79].

In a previous study testing the therapeutic efftéddeoxyribo nuclease, authors chose
a variety of symptoms of which patients have ordgl o achieve 4 of 9 to achieve a
protocol defined exacerbation. These included fipamge in sputum production
(consistency, colour, volume or haemoptysis); (iicreased dyspnoea (chest
congestion or shortness of breath); (iii) increasmagh; (iv) fever (38°C) (v) increased

wheezing (vi) decreased exercise tolerance, malaigpie or lethargy; (vii) FEVor
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FVC decreased by 10% from a previously recordedejaviii) radiographic process

indicative of a new pulmonary process; or (ix) apsin chest sounds [27].

Duration of symptoms can occasionally guide theindtédn. In a trial of inhaled
corticosteroids, an exacerbation was defined a=ridedtion for more than 24 hours in
at least three respiratory symptoms (including &ougyspnoea, haemoptysis,
increased sputum purulence or volume, and chest) paith or without fever
(>37.5°C), radiographic deterioration, systemic disamces or deterioration in chest

signs [71].

Strict criteria can make patient recruitment ta@jgxt difficult. Simpler definitions are
sometimes used in an attempt to include more gatiém a prospective adult cohort
study assessing the effect of 2 weeks of intraverioerapy, increasing cough, sputum

production and sputum purulence was adopted afratide [80].

Choosing a symptom and sign along with an optimahtion of these parameters
appears critical. An increase in the sputum volumaally over a 24 hour period
remains invariable in most definitions [21, 46, .6Thange in sputum colour, viscosity
or purulence seems to be common and is frequemitjuded [21, 46, 61].

Breathlessness, chest discomfort and haemoptysidess often added. All these
symptoms are experienced by patients and may bsiérg. Therefore the duration of
symptoms is important. Most groups stress the fieedymptoms to persist for more

than 24hours [21, 46, 61].
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Our group has previously studied the therapeut& afsinhaled Tobramycin in the

treatment of an exacerbation of bronchiectasisTBg criteria used to define an ‘acute
exacerbation’ was the presence of at least twdheffollowing symptoms: increased
cough, increased volume of sputum produced, ineceaputum purulence, increased
dyspnoea or increased wheezing; and at least ortbeofollowing: fever>38°C,

malaise. This definition has been adhered to ferpilrpose of this study.

There is continuing difficulty in both research aglthical practice in distinguishing
exacerbations from day-to-day symptom variation, [82]. Further research with
symptom diaries would be required to validate deéfins of acute exacerbations in

bronchiectasis. This is beyond the scope of thidyst

1.2.2 Pathophysiology of an acute exacerbation imdnchiectasis

Morbidity associated with bronchiectasis is relaiedecurrent exacerbations and HR-
QoL [80, 83]. While our understanding of the pathggology of stable state

bronchiectasis has progressed, little is known abwi changes that occur during an
acute exacerbation [2]. These episodes are prplalaited to a complex relationship
between host defence and airway microbiology tmgigicts on sputum production and

airflow obstruction.

Knowledge from the world of CF may provide us wdthes. For instance it is possible
that viral infections trigger these episodes whexttdrial colonisation is already
present [84, 85]. Perhaps, as in chronic obstreicivways disease, acquisition of new

strains of a colonising organism alters the finemime balance [86]. Bacterial
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clearance at the end of antibiotic treatment isaseebe associated with reduced

sputum volume [80].

More work remains to be done to provide evidenceupport these assumptions for
patients with bronchiectasis [84]. Borrowing thesrifrom CF has previously not
worked. While deoxyribonuclease 1 is an effectreatment in patients with CF, these
benefits are not directly transferable to patiemith bronchiectasis [27] Most studies
of preventive and treatment strategies of respiyaéxacerbations in bronchiectasis
have been undertaken at a single centre and helueléd small patient numbers where
power calculations have not been reported and wierelefinitions of exacerbations
have been limited [84]. Table 1.1 lists the possibhuses of an exacerbation in

bronchiectasis. This is by no means an exhaussie |

Table 1.1: Some possible causes of an acute exdimerlin bronchiectasis

Possible cause

New bacterial infection

New strain of existing bacteria causing infection
Change in bacterial density i.e. sudden growthuimipers
Viral infection

PwbhE
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1.2.3 Therapeutics of exacerbations in bronchiectas

1.2.3.1 Antibiotic treatment of acute exacerbatiohlsronchiectasis.

Antibiotic therapy is complex in bronchiectasis aimdludes short-term empirical
treatment for acute exacerbation [87]. The choicantibiotics is usually guided by
previous isolates of potentially pathogenic micgamisms (PPM) in sputa. The
optimum period of treatment is also unknown butgues often require longer courses
of antibiotics. While therapy has been administei@mdbetween 5 and 28 days, a

period of 14 days is common practise [80].

It is unknown if there is benefit from stopping phylactic antibiotics at the time of an
exacerbation. Most published studies have incluyaséents if they were already on
prophylactic antibiotics [80]. Two studies have whaclear benefit in 24 hour volume,
microbial clearance and HR-QoL when patients agatéd for a period of 14 days
based on previous microbial sensitivities. We asrdfore guided by these at the time
of the study [80, 83]. Since then the British tloicasociety have published guidelines

that recommend 14 days of antibiotic treatment.[88]

1.2.3.2 Active chest physiotherapy in exacerbatafrisronchiectasis

Limited information is available on exercise traigiin patients suffering an acute
exacerbation of bronchiectasis Postural drainagd parcussion represent the
physiotherapist's mainstay in dealing with exacgrsba of chronic obstructive disease.
Similar manoeuvres may increase production of spudad produce improvements in
pulmonary function in bronchiectasis [89].
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Effective physiotherapy could influence the fregeye and outcome of an acute

exacerbation. This has not been previously sysiealigtstudied.

1.2.3.3 Other modalities of treatment of an exa&i#oh in bronchiectasis.

Patients with bronchiectasis have a chronic lowdgrinfection and inflammation,
punctuated by exacerbations. These are characteligeincreased inflammation
locally often triggered by infection, exposure &r@irritants, or gastric contents [64].
It would therefore be reasonable to trial systeamiinhaled anti-inflammatory agents
in the acute phase. However this study remainetddme and for the purpose of this

thesis patients did not require adjunctive therapmddition to antibiotics.

1.3 Measuring outcome and setting end points for #rapeutic trials in
bronchiectasis

“How will I know when my treatment has been clitjcaluccessf@” From an
uninitiated observer the answer to this would Wheén an increase in life expectancy
and/or quality of life as measured by treatmentdeur, time in hospital, or similar has

been reacheéd90].

Markers of disease activity in bronchiectasis fialb the categories of inflammation,
infection, imaging and lung physiology. With regaalstable state bronchiectasis a
large cohort of patients would need to be studimdldng periods of time to show
significant benefits in treatment [90]. Currently successful outcome relies

predominantly on the subjective assessment of sympésolution [80].
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Spirometry - FEVY (forces expiratory volume in the first second), F{fGrced vital
capacity) has traditionally been used in lung disei® measure change. Longitudinal
studies have been used to predict disease pragmessithe natural history of lung
disease [91, 92]. It has historically also beerdusestudy acute exacerbation in lung
disease [91]. It is therefore not surprising thdtas been frequently employed within

studies of bronchiectasis to assess functiona astad measure change.

FEV: and FVC reflect changes in the calibre of brondhi. bronchiectasis the
bronchial walls may be inflamed. Anti-inflammatorgedication such as inhaled
corticosteroid may reduce this inflammation. REEvid FVC were therefore useful end
point to use in assessing response to inhalectdlsdine in a randomised controlled
trial. However there was no significant change date treatment in these indices [71].
Secretions may accumulate in saccules of the willinvthe bronchi. Also active
bacterial invasion is thought to happen at the noilieoy surface. Trialling antibiotics
by measuring change in spirometric indices woul@énthbe reasonable. Both
aerosolised and long term oral antibiotics have nbeested for efficacy in
bronchiectasis. Spirometric indices failed to shawimprovement but were used as
end points in these studies [3, 61, 64]. It coudd dssumed that cleaving viscous
sputum may decrease obstruction and improve congdiaf lungs. In a study of the
efficacy of DNase as a mucolytic in bronchiectaaifall of 1.7% in FEY was noted
in the placebo arm including 176 patients. Theahpeutic arm however noted an even
greater fall in the FEM27]. Although used frequently, spirometric indicesed to be
studied systematically in bronchiectasis. Theirfulsess as end points is yet to be

proven.
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Frequency of exacerbations, counting episodes dfpitadisation, and time to
exacerbation may be end points. Inhaled corticogterand additional antibiotic
regimes have also failed to decrease the frequandytime to exacerbation [3, 93].
Indirect measurements such as requirement of iti@ys antibiotics per month have

also been used as end points [94].

Twenty four hour sputum volume is an attractive poiht. Dyspnoea as measured on
the Medical Research Council scale, forced spirométnctional variables, daily
sputum volume, short-actinf2- agonist dosage, and HR-QoL are all significantly
related to sputum volume [46]. Inhaled fluticasamel prophylactic oral Azithromycin
reduce sputum volume significantly [61, 71]. Alsa Bcute exacerbations of
bronchiectasis 24 hour sputum volume is signifigaméduced on treatment with

antibiotics [80]. Twenty-hour sputum volume appasssful as an end point.

Microbial presence in sputum is the hallmark obtHlisease. Microbiological culture
of sputum is therefore critical to any study infmbiectasis. Sputum appearance alone
is useful and a purulence score has been sucdgasseld as a marker of disease [71].
Sputum bacterial density [64], sputum microbioland microbial clearance [61, 80,
83] have also been used as markers of diseasedp gtitcome in therapeutic trials.
Any study in bronchiectasis would be incompletehwitt a microbiological analysis of

sputum.
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Whilst symptoms may appear difficult to quantifyttempts have been made to
measure them scientifically. Dyspnoea has beersmned on the Medical Research
Council scale [46]. Indirectly HR-QoL questionnairean assess patient’'s symptoms
and a specific cough questionnaire was designédioester that has been validated in
bronchiectasis [95]. The St George Respiratory tipmasire is validated in

bronchiectasis [53].

Improvements in inflammation may be associated withrovement in bronchiectasis
symptoms. Biochemical measures of inflammation putsm or serum can be
measured to assess outcomes [80]. Functional oetoane also important and
although lung function parameters may not be heélpfuwalk test such as the
incremental shuttle walk is worth exploring [80jn#&lly arterial blood gas changes

may also prove useful [21].

Outcome-based measurements are important to guddthhcare delivery [96].
Respiratory tools therefore can play an importasie rin maximizing positive
outcomes from therapy [97]. These outcome measueesl to be validated, easily
accessible and relevant [98]. In an attempt to tstded which markers of lung disease
are sensitive in predicting the outcome of treatmvem have conducted a prospective
longitudinal study that we hope will add more imf@tion to the current understanding

of exacerbations in non CF bronchiectasis.
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1.4 Quality of life in bronchiectasis

1.4.1 Background

In patients with chronic lung disease, the relatiop between changes in symptomatic
and functional state and conventional physiologindices is often weak [99, 100].
This is seen particularly in interventions suchiespiratory rehabilitation programmes,
in which patients are taught to cope with their pblpgical limitations [101]. Direct
measurement of the impact on patient’s lives iseloee necessary to assess whether

interventions are of benefit [100].

Health-related quality of life (HR-QOL) is therefora relevant and quantifiable
outcome of care. HR-QoL is impaired in stable statenchiectasis and deteriorates
during an acute exacerbation [83, 102]. HR-QoL pogentially important marker for

evaluating existing and new therapies in bronchigst

1.4.2 Determinants of quality of life in bronchiasis

Most aspects of bronchiectasis impact on the qualitife. Symptoms are experienced
in mild disease, even in stable state. These dedtei during an exacerbation and exert
a greater impact. Appropriate management of symgtomidentifying the underlying

aetiology has a positive impact on the qualityifefih these patients.

Demographically, age does not impair the quality If€, but women with

bronchiectasis report poorer quality of life scooesphysical functioning and social
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functioning than males. A gender-related differeimceesponse to chronic disease is
important in tailoring an education and managenpdan to each individual patient.
Evidence indicates that males and females per¢keie health status differently, with
females having a more accurate perception of dbgedlinical health status [102,

103].

The amount of sputum produced by patients with th@ttasis is a fundamental
symptom that interferes decisively with HR-QoL. dtable state bronchiectasis, on
analysis of variables influencing the different sfimnnaire subscales, daily sputum
production explains a greater per centage of thianwee of the symptoms subscale
than dyspnoea alone. The amount of sputum prodacealnts for over one fourth of
the variance of the symptoms subscale (27%), whileadding dyspnoea to the
analysis the explanation of variance increasesby 1l %, while the cumulative effect
accounts for 38% of the variance of the symptonades[53]. In the activity sphere,
dyspnoea as measured on the Medical research t@gateé is an important variable
that exerts an influence. A poorer activity scoas been implicated as an independent
variable among patients who have received repeatecses of steroid treatment [46,

104].

Chronic productive cough is a common symptom imepé with bronchiectasis that is
associated with a reduction in HR-QoL. Bronchopulamy hygiene physical therapy
(BHPT) is widely prescribed for patients with brbrectasis, although the evidence for
its efficacy is limited. As little as a 4 week oatignt-based BHPT regime can lead to a

significant improvement in cough-related qualityliteéf [105].

Upper airway symptoms are also frequent in patiestts bronchiectasis. Associations

between upper and lower airways diseases havedsmonstrated in other respiratory
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conditions including asthma (allergic rhinitis & s@d polyposis) and chronic
obstructive lung disease (chronic rhinosinusiti$dwever while bronchiectasis itself
has a considerable impact on the quality of lifpper airway symptoms have no

additional impact on the quality of life of patiswith bronchiectasis [102].

Patients with bronchiectasis often complain of abred tiredness, difficulty in

concentrating or low spirits. Moderate-severe agxi& more frequent than equivalent
levels of depression. Anxiety and depression scaresassociated with perceived
health status. Up to 34% of patients have elevatedes for anxiety, depression or
both. Therefore, treatment aimed at reducing sympt@and improving exercise
capacity alone will not reduce levels of anxietyiethrequires alternative therapy

[106].

The number of exacerbations in the previous yesar s¢ems to influence the quality of
life. Some studies suggest that this is an impbxtantributor while others have found
hospital patient admissions due to exacerbatidhetlisease to be only weakly related

to HR-QoL score as measured by the SGRQ [46, 53].

However after the onset of chronic respiratoryuia] life expectancy and quality of

life is poor in patients with bronchiectasis [107].

Bacterial colonisation of sputa has been showrirertly impact on the quality of life
in patients with bronchiectasis. Patients in whohe tsputa is colonised by
Pseudomonas aeruginosave a significantly worse quality of life tharoie who are

colonised by other potentially pathogenic microoigans or not at all [62, 108, 109].

There is conflict in evidence as to whether oth@roorganisms affect the quality of
life in bronchiectasis. In one study, identificatiof Haemophilus influenzaa the

sputum meant a better quality of life than if ngamism was isolated. However
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isolation of Haemophilus influenzadid affect other parameters of disease activity,
such as CT scan bronchiectasis scores and thesfieguf exacerbations [62]. Others
suggest that patients having microorganisms othan {pseudomonas have a worse

quality of life than those without microorganisn®gl 108, 109].

Functional variables such as FEd6 not affect the symptoms subscale of HR-QoL
significantly. However, the FEMollowing bronchodilator therapy, is a relevant HR
QoL conditioning variable. As in COPD, this shoulot be used as the sole severity
marker of stable bronchiectasis [46, 104]. Inflartona markers in exhaled breath

have not been found to impact on the quality & &6 measured by the SGRQ [110].

Appropriate treatment with antibiotics improveseiction related inflammation and
thus improves cough, wheeze and sputum volumegwifgiant improvement between
onset of exacerbation and completion of treatmexst been reported in dyspnoea
scores, mastery and emotional domains of the ChirdRespiratory disease
guestionnaire [83]. Similarly the use of inhaledlist;m in the treatment of
bronchiectasis with recurrent Gram-negative infattiis shown to improve quality of
life and slow decline in forced expiratory volunmelis and forced vital capacity [111].
Treatment with inhaled steroids in patients witm4@F steady-state bronchiectasis
results in improvement in daily sputum productidgspnoea, days without cough, and
number of doses of short-actifg agonists required weekly. It is suggested that thi
improvement is seen as soon as within 1 month ofreencement of treatment and
persists for at least 6 months whilst on the treatmA significant improvement is
seen in the HR-QoL of these patients. Although nbenber of adverse events are
greater, they are local and reversible [112]. P&diavith chronic respiratory failure
due to bronchiectasis, treated at home with noatunon-invasive for at least 12

months have also reported an improvement in theitity of life [107].
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In the longer term, pulmonary rehabilitation pragraes may be of some benefit. In a
prospective study to determine the effects of anpualary rehabilitation programme
some patients with bronchiectasis completed a 6weatpatient pulmonary
rehabilitation programme that included educatiohysical and respiratory care
instruction and supervised exercise training. OueE@ssessment was performed at
baseline, on completion of the programme and 3 hsoatter the programme. Disease-
specific quality of life was assessed using the o@Gier Respiratory Disease
Questionnaire (CRDQ). All domains of the CRDQ impd significantly and patients
who completed a comprehensive pulmonary rehaliditaprogrammes showed an

improvement in their health status [113].

If disease is localised, surgical treatment of bhoectasis yields immediate resolution
of symptoms, better quality of life and no mortal[t14]. The amount of sputum
produced, colonisation witfiPseudomonas aeruginosand appropriate medical or
surgical management seem to be the most importterrdinants of the quality of

health in bronchiectasis.

1.4.3 HR-QolL and acute exacerbations in bronchéecta

A significant improvement has been noted in atlividual domain scores of the
SGRQ following completion of treatment with antitids during the course of an
exacerbation [80]. In another prospective cohordt patients completed the
guestionnaire at the onset of an exacerbation,oomptetion of antibiotics at day 14
and four weeks after the completion of antibiotidssignificant improvement was
noted in three of the four domains (dyspnoea, ematiand mastery) of the CRDQ.
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All the improvement was seen by Day 14 and there meafurther change in 4 weeks
[83]. No study has assessed quality of life in Igtattate and followed it through an

exacerbation to date.

1.5 Measuring lung function in bronchiectasis

1.5.1 Background

Spirometric indices have traditionally been usedstmtify lung disease as mild
moderate or severe. Variability in theses indicagehbeen used as surrogate markers
of inflammation. Assessing treatment effects andiadl outcomes therefore would

seem a natural progression.

Annual physiological decline in lung function is NWknown. The structural changes
include chest wall and thoracic spine deformitidsclv impairs the total respiratory
system compliance leading to increased work ofthieg. The lung parenchyma loses
its supporting structure causing dilation of aiacsgs: "senile emphysema". Respiratory
muscle strength decreases with age and can imfifedtiee cough, which is important
for airway clearance. The lung matures by age 2@«4's, and thereafter aging is

associated with progressive decline in lung fumct[@15].

Lung function has been well studied in patienthv@ystic Fibrosis. Measurement of
lung function in these patients is known to refleoth acute and chronic changes [90].
The Forced expiratory volume in one second (PEhas been used as a surrogate

marker in Cystic Fibrosis. An acute change in FE®used by mucous plugging has
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been clearly demonstrated and provides a shortéedpoint [116]. The lung function
declines no more than 1% per year in these patiddfg]. This may be useful in

longitudinal studies that occur over prolonged @dsiof time.

1.5.2 Spirometry in non-CF bronchiectasis

Most patients with bronchiectasis have a varyingrele of airflow obstruction

[28, 118]. There is also an increase in pulmondow fresistance in a significant
number of patients [119]. The mechanism of aingagtruction in bronchiectasis is
thought to be multi factorial. Bronchial plugging lsecretions, mucosal oedema,
bronchospasm, distortion, kinking of bronchi oressive dynamic collapse of airways
on expiration may all contribute to this. The d&se in dynamic pulmonary
compliance could be attributed to a non-uniforntribigtion of airway resistance as
well as increased stiffness of the lungs due talpafibrosis and atelectasis. The

pulmonary transfer factor may be reduced or noft0].

1.5.3 Use of spirometry as a biomarker in brondhigs

FEV: has been used as an endpoint in studies to asfesgky of treatment. Long
term treatment with Azithromycin has shown no digaint improvement in actual and
% predicted FVC [61]. In another therapeutic toélAzithromycin as a prophylactic
antibiotic in bronchiectasis there was a trend ropriovement in all lung function

parameters but this was not statistically signiftd@4].
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1.5.4 Spirometry and prognosis in bronchiectasis

Impaired pulmonary function is of prognostic importe in bronchiectasis.
Physiological decline in lung function is said t® éxacerbated in bronchiectasis. The
majority of patients have impaired spirometry wihflow obstruction but normal
carbon monoxide diffusing capacity. Multivariatealysis has shown that factors
significantly associated with worse lung functiae &ronchial hyper responsiveness,
concomitant asthma, higher serum globulin, highesipheral leukocyte count, lower

serum albumin, greater sputum volume, diffuse disead older age [121].

Normal adults of may lose up to 30mis of their Vatdry capacity in a year. In
bronchiectasis twenty per cent of patients showdedine or an improvement in the
FEV: [122]. But up to 60% of patients show a declifismme volume. This has been
variously put at 39mis/year [123] , 49mis/year [5] 50mls/year [122] and
54-55mls/year [5, 51]The most important factor linked with an acceletadecline in
FEV: in stable patients with non-CF bronchiectasis lsonic colonization with
Pseudomonas aeruginosa. This loss can be as mutB3amls/year [124]. Some
reports place it at a smaller value with the ovetatline in FEVin patients infected
with Pseudomonas aeruginosa as 23mis. In those m&feeted with Pseudomonas
aeruginosa it was recorded as 24mils [125]. The tlamgage is thought to progress at
the same rate in both sexes [18, 21]. In attermgdentify a relationship between
inflammation and spirometry, a paediatric study wasable to find any correlation
between Leukotriene B4 and FEY126]. Patients with more advanced disease and
moderate obstruction (FEV1 <65%) have more inflatimnawithin the airway. Levels
of TNF-a, IL-1B and IL-10 are higher in bronchial lavaddid of these patients [127].

FEV: and FVC have been found to be weak predictorsarfatity [21].

35



1.5.5 Impulse Oscillometry (Forced oscillation teiclue) and lung disease

Conventional methods of lung function testing pdevimeasurements obtained during
specific respiratory actions of the subject. In tcast, the Impulse Oscillometry
technigue (IOS) determines breathing mechanics uUperamposing small external
pressure signals on the spontaneous breathing @uthject. 10S utilises the externally
applied pressure signals and their resultant fldasdetermine lung mechanical
parameters. These external forcing signals, mand@o- or multi-frequency, and are

applied either continuously or in a time-discretgnmer.

These pressure—flow relationships are largely rdistfrom the natural pattern of
individual respiratory flows, so that measured I@Sults are, for the most part,
independent of the underlying respiratory pattdtmerefore, Oscillometry minimises
demands on the patient and requires only passiopetation of the subject. Potential
applications of Oscillometry include paediatric,ubidand geriatric populations.
Oscillometry is also useful in veterinary mediciaad hence in animal studies.
Diagnostic clinical testing, monitoring of therafieuwregimens, and epidemiological
evaluations, are easily done using 10S and imptiytamne independent of the severity

of lung disease [128].

The most obvious relationship with other pulmonianyction tests concerns the use of
spirometry. Spirometry measures maximal forced iragpy efforts, while 10S
measures quiet breathing. In bronchiectasis, |IGSbabeen compared to spirometric

technigues as yet.
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IOS has been used to monitor response to inteorentn asthmatic children. 10S has
been reported to show greater sensitivity to irthaerticosteroid or to beta-agonist
inhalation than spirometry. Both inhaled corticostds and beta-agonists improve
small airways function, and IOS responses manjjesininent changes in indices of
peripheral airway obstruction. In contrast, spirtmoesensitivity to small airways

function is less prominent. Accordingly, it is exped that I0S might provide useful
indices of peripheral airway change in respongbdcapeutic interventions [129, 130].
In patients with chronic obstructive airways dige#3S is able to detect significant

change after bronchodilator therapy and FEMess sensitive [131].

In addition to its simplicity and non-invasivenek3S may be an useful clinical tool
not only for detecting pulmonary functional impaant, but also to some extent in

estimating the patient's quality of daily life andll-being [132].

37



1.6 Exhaled breath condensate and bronchiectasis

1.6.1 Exhaled breath condensate

Exhaled breath consists of a gaseous phase th&tim®volatile substances, such as
nitric oxide, carbon monoxide and hydrocarbons, anjuid phase termed exhaled
breath condensate (EBC) [133} is assumed that the airway surface liquid is
aerosolized during turbulent airflow such that tbatents of the condensate reflect the
composition of the airway surface liquid [134]. BEldd breath condensate (EBC) was
first reported as a human body fluid in 1980 in ¢tbetext of studies of surface active
properties/surfactant [135]. Naturally EBC contamsestly water vapour (>99.99%)
The fraction of droplets are thought to containlyea of interest [136]. Theseclude

a largenumber of mediators including adenosine, ammoniajrdgen peroxide,
isoprostanes, leukotrienes, nitrogen oxides, peptidnd cytokines. Although EBC
contains mainly metabolic products from the airwaysl the lung, it also contains
products of other organs that reach the lung waliflood stream. As a consequence,
the identification of products released from a ipatar site in the body may provide
organ-specific information of oxidative stress [L38oncentrations of these mediators

are influenced by lung diseasexl modulated by therapeutic interventions.

1.6.2 Exhaled breath condensate and lung disease

The lung exists in an oxygen rich environment whiagether with its large surface
area and extensive blood supply, makes the orgsreptible to injury mediated by

reactive oxygen species [ROS] [133]. Increased ymton of ROS has been directly
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linked to lipid oxidation which may cause direchduinjury [137, 138]. Oxidative
stress is associated with a range of inflammatamyg ldiseases, including asthma, adult
respiratory distress syndrome, idiopathic pulmorfémosis, pneumonia, and chronic
obstructive pulmonary disease [137]. It is thoudhat the various biomarkers
identified in EBC may be indicative of differentpgets of oxidative stress and that this

non-invasive approach may be useful in categorigirignonary disease.

Hydrogen peroxide in exhaled breath is a direct quesa of oxidant burden in air
spaces, is soluble and equilibrates with air [LB8jreased concentrations of®3 in

EBC has been demonstrated in asthma, ARDS, CF wgl dancer [134]. This is
however complicated by confounding factors. EBEDHis also elevated in smokers
and during a common cold. Therefore more sensitind specific assays will be

required [133].

Nitric oxide [NO] is another marker of airway inflemation and indirectly a measure
of oxidative stress. Stable NO derived products banmeasured in the EBC.
3-nitrotyrosine is one such product, concentratiarfs which are increased in
association with worsening symptoms and deteriogaiung function in asthma
[133, 140]. Total Nitrite and Nitrate concentrawsoare also elevated in cystic fibrosis

patients and asthmatics compared to control subj@87].

In addition pro and anti-inflammatory cytokines da@ measured in exhaled breath.
Interleukine-B, Interleukine-6, Interleukine-8 have all been mgd in EBC from
human subjects [134]. Concentrations of IL-6 aisecin EBC of patients with cystic

fibrosis [133, 141].
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EBC can be exploited to assess a spectrum of patémmarkers, thus generating a
fingerprint characteristic of the disease. By asisgsthe nature of oxidative stress in
this manner, the most appropriate therapy canleetsd and the response to treatment

monitored [133].

1.6.3 Monitoring lung disease by measuring pH dfadd breath condensate.

Airway pH homeostasis is maintained by a balancdifférent buffer systems and the
production of acids and bases in the airways [17Bg assay used to determine EBC
pH is easy and measurements are highly reprodudiB&. pHlevels are also related
to eosinophilic or neutrophilic inflammatiaf the airways [143]. The pH of EBC has
been found to be low in stable asthma, CORDnchiectasis, cystic fibrosis, and acute
respiratory distressyndrome [142]. The pH of EBC collected from patisewith acute
asthma is more than two log orders lower than nbrimg normalises with
corticosteroid therapy [144]. Similar findings haeen reported in COPD and

bronchiectasis [145].

EBC can thus be exploited to assess a spectruroteftpal biomarkers, generating a
fingerprint characteristic of the disease both fabke state and during an acute
exacerbation. By assessing the nature of oxidattvess in this manner, the most

appropriate therapy can be selected and the respomseatment monitored [133].
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1.6.4 Exhaled breath condensate and bronchiectasis

Most inflammatory markers identified in EBC haveebealescribed in CF with limited
data in non-CF bronchiectasis.® is the only well described marker in
bronchiectasis. In the respiratory systep®His released both from inflammatory and
structural cells. These include neutrophils, egsils, macrophages and epithelial
cells. EBC HO; concentrations are elevated in bronchiectasis witkignificant
inverse correlation between lung function and EBO-Hevels [146]. No other marker

has been clearly identified in EBC of patients witbnchiectasis alone.

1.7 The microbiology of bronchiectasis

1.7.1 Background

The airways of patients in non-cystic fibrosis lmioiectasis become chronically
infected with bacteria. This leads to an intensitainmatory response within the
bronchi not necessarily with a systemic inflammatoesponse. This reaction is
exaggerated in patients colonised by microorganisvite potential pathogenicity
(PPM), the most common beingaemophilus influenzaeStaphylococcus aureus,

Streptococcus pneumoniae dPseudomonas aeruginof4.

Bronchiectasis in the pre-antibiotic era predomilyaaffected young patients with a
high mortality rate [40, 147]. The introduction arftibiotics and immunisation has led

to a dramatic improvement in the outcome [8, 40)widver, bronchiectasis remains
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prevalent and exacerbations continue to contrituggnificant morbidity and poorer

HR-QoL [83, 102].

The identification of a respiratory exacerbation hronchiectasis is complex [8].
Sputum production is continuous and purulence mneagdmmon. Systemic symptoms
are uncommon. Given that persistent bacterial tithecof airways is responsible for
progression of disease, it would be logical to tdgmmarkers of inflammation and
endpoints for therapeutic trials from sputum. T tend either looking for a new
pathogen or increase in the numbers of the exigtirglominant pathogen seems

reasonable.

1.7.2 Potentially pathogenic microorganisms in btoectasis (PPM)

Effort has always been concentrated on isolatingP#M in sputum. The isolated
pathogens include Haemophilus influenzae, Pseudomonas aeruginosa and

Streptococcus pneumonife 18, 127].

Haemophilus influenzaes the most commonly isolated organism in staldbocts
[17]. The incidence can vary from 22% up to 47%aimroup of patients [17, 46].
Pseudomonas aeruginogathe other commonly isolated pathogen in moseselt is
considered a marker of more severe disease andsixiated with compromised
HR-QoL [62]. These patients also have poor lungcfiom and extensive disease on
HRCT [17]. The incidence varies between 12- 27%sd@me reports [17, 46, 71].
Moraxella catarrhalis Streptococcugpneumoniae andStaphylococcus aureuare
more infrequentCommensals are noted most frequentbsence of pathogens is

reported in lower numbers in some series [21%]umtb 60% by others [17, 71]. This
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could indicate a fault in detection or perhapsyegfiection when host defence balance

is adequate.

Both Pseudomonas aeruginosed Haemophilus influenzaare capable of forming
biofilms [17]. The timing of acquisition oPseudomonas aeruginosa unknown
[148]. As in CF early treatment may delay persistarfection. Infection with
Staphylococcus aureus patients with bronchiectasis is more frequemthgociated
with ABPA and atypical variants of CF and is a useharker of these conditions

[149].

Anaerobic bacteria are not detected by routinebderculture methods. It is possible
that these reside within the airway mucous. Thes®/ e present in healthy
individuals however they are present in larger neratin lungs of patients with cystic
fibrosis. It is possible that they may be contribgtto infection and inflammation in
non-CF bronchiectasis [150]. Viral infection hast e be formally studied in
bronchiectasis. When neutrophils of patients witbnbhiectasis are infected in vitro
with Influenza A, there is a reduction in lysozymedease and bactericidal activity.
This effect may contribute to increased bactedatland to acute exacerbations [151].
Microbial clearance, it would follow, may be crucia therapeutic trials involving

antibiotics for acute conditions.

1.7.3 Chronic bacterial colonisation of the lowespiratory tract in bronchiectasis

Microbial clearance may be achieved easily for edufections. However airway
colonisation and biofilms growth in a susceptibievay environment remains a
problem and eradication is not always possible.
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Identifying the colonising PPM is equally difficulThere has been no standard
definition for chronic colonisation. It is uncledfrequency of isolation or duration of
isolation should guide this definition. The timeration may vary from 3months to 2
years. Patients are considered colonised if a haotés cultured for more than 2 years
[34] , or have more than three positive culturethefsame organism at intervals>&f
weeks [61] or have more than thiselates ofa PPM from separate samples over a

period of 3 months [145].

We have adhered to a previously used definitiomofe than three positive cultures

within the previous year [3].

Evidence in Cystic fibrosis is more extensive. Thst definition for chronic
Pseudomonas aeruginog#ection was introduced in 1974 and was based ontinty
microbiological examination of sputum. Chronic ictien was defined as a continuous
presence oPseudomonas aeruginogathe sputum for 6 months [152]. The European
consensus definition for chronRseudomonas aeruginogaection that is commonly
used is at least three positive cultures over >@hsowith at least 1-month interval
between samples [153]. The Leeds criteria in Cy#tiosis defines chronic infection
as >50% of sputum positive cultures wiRseudomonas aeruginosaer a 12 month
period. While the study suggests that a sampleakentevery 3 months, a minimum
sample number is not specified [154]. This has Wagher validated along with anti-
Pseudomonas antibody levaisa combined paediatric and adult cystic fibragibort.
[155]. In cystic fibrosis, it is thought that chioninfection with Pseudomonas

aeruginosais preceded by intermittent infection and earlyedgon and intensive
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treatment can delay chronic infection [155-157]tr&polating data to the non—cystic

fibrosis population would have to be done with @@aut

In bronchiectasis, once colonised, fifty per cehtpatients will retain the same
organism at 5 year follow up review. And this groofpsubjects will have a higher

number of exacerbations [17].

1.7.4 Markers of infection in sputa.

Quantitative bacterial load has been previously e marker of therapeutic efficacy.
In a study to assess efficacy of inhaled versuswehous gentamycin, a 6-10 fold
reduction in colony counts has been reported [158]ongitudinal quantitative

microbial data is absent in bronchiectasis. Itriknown if quantitative data correlates
to other proven parameters such as HR-QoL marketspirometric indices. It is time

consuming and remains a research tool at the dumes.

More useful are markers that involve patients’ @ation and can be measured in the
home environment. Sputum volume and appearance saph tools. Sputum
production, although common, remains variable itun®. While some patients are
daily producers of copious amounts others lessxdsame only during an infection. It
would be an easy tool for bedside testing. Doctdiept correlation has already been

established [159].
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1.7.5 Non Tuberculous mycobacterial analysis imbhiectasis

Non-tuberculous mycobacterial (NTM) are ubiquitamsvironmental organisms that
exist in pre-existing lung damage. NTM are inhatésdaerosol droplets and a single
positive isolate could indicate recent exposurlaathan active infection. However
these patients warrant regular follow up. The ageug of patients with multiple

isolates is 7 years [mean age 62.2 years5.1 years] more than those with single
isolates [160]. It is possible that the time to\actisease from first exposure is a few

years.

The prevalence of NTM is estimated to be about 8%ronchiectasis [17]. A female
predominance is noted. Single isolates are frefueMycobacterium avium-
intracellulare (MAC). If patients have multiple isolates they armre likely to be

smear positive on first samplBseudomonas aeruginogand Staphylococcus aureus

are frequently co-cultured [160].

Patients with bronchiectasis and non-tuberculousatgcterial disease have a higher
prevalence of coexistingAspergillusrealed lung disease than patients with
bronchiectasis and without non-tuberculous mycaéct Recurrent antibiotic use
prior to diagnosis may drive culture findings tan@al isolates, or a common host
defence abnormality may be implicated. It may bat fhing disease with NTM is
destructive and this provides a favourable enviremimfor Aspergillus fumigatus

[161].
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Distinguishing between lung colonisation and diseasmn be difficult [160].
Pulmonary mycobacterium avium (MAC) complex is mpuised as presenting in two
distinct ways. It can present as a fibro-cavitatimfigction complicating pre-existing
lung disease or as an infection in apparently imercompetent individuals with no
pre-existing lung disease that then causes nobdubeichiectasis [4]. There is a debate
as to whether MAC infection is a cause or simplgoanplication of bronchiectasis.
Patients with bronchiectasis and NTM infection lieguong term follow up and
regular assessment of sputum cultures in ordereterchine the optimum time to

intervene as long term disease progression isyl{ké!

It is important to screen all patients with broreahasis at referral for NTM infection

and thereafter if there is an unexplained detetitmmaunresponsive to usual therapy

[4].

1.7.6 Anti-pseudomonal antibodies in bronchiectasis

Specific serum antibodies could be helpful in definthe status of bacterial infection
as well as the response to early treatment in miatiét may also confirm protection
following vaccination. However antibodies inducegl disease do not seem to offer
protection in Cystic fibrosis [12]. The antibodyspense againsPseudomonas

aeruginosan CF is a marker of chronicity of infection anflimflammation and tissue

damage. Some patients with non-cystic fibrosis tin@ttasis when infected with
mucoid strains ofPseudomonas aeruginodaave high levels of anti-pseudomonal
antibodies. It is not known if information from Gfan be extrapolated to non-CF
bronchiectasis [162].

47



Immunoglobulin G (IgG) antibodies t®seudomonas aeruginosarface antigens in
serum can be estimated by enzyme-linked immunosbdmsay (ELISA). Antibodies
to Pseudomonas aeruginosan be directed against alkaline protease (AP}tade
(ELA), exotoxin A (ExoA) or whole cell [153, 163The secretory IgA is the initial
humoral response to infection in the lungs. Whitgiteodies to IgG are commonly
measured, it is possible that at the onset of fitfle@n increase in specific serum IgA
antibodies may occur before an increase in ser@nalgtibodies [164]. High titres of
serum IgG antibodies are associated with a poaiceli state, while low titres are
associated with a better clinical state in bothonhr and intermittently infected
patients with CF [165]. Information on antipseudaraoantibody levels in patients

with non-CF bronchiectasis remains limited.

1.8 Cytokines and the lung in bronchiectasis

1.8.1 Cytokines in bronchiectasis

Three distinct pathogenic elements, namely infectioflammation and enzymatic
actions, interact with each other and have beetidatpd in the pathophysiology of

bronchiectasis [166].

When exposed to bacterial endotoxin, bronchialhetil cells release inflammatory
mediators [166]. Some of these mediators are gdtasmmatory and others anti-

inflammatory. Among the pro-inflammatory mediaténsolved, IL-8, IL-13, and
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TNF-a play a role favouringhe trafficking of activated neutrophils througheth

bronchialall into the bronchial lumen. The anti-inflammatanediators IL-6 antl-

10 act as a counterpart of pro-inflammatomdiators by promoting the synthesis of
natural antagonistdL-1p and TNFe [127]. Intense neutrophil infiltration into the

tracheo-bronchial tree occurs as a result, whialthén aggravates the release of

inflammatory mediators [166].

Evidence now suggests that in bronchiectasis, giimflammatory response triggered
by bacterial stimulation is excessive in relationthe bacterial burden indicating a
deregulated cytokine network. It continues to rbeesite even after the infection is
controlled. The altered homeostasis of airway inftzatory response to bacterial
infection in the dynamic process of host—pathogaeraction dictates the clinical

manifestations of the lung disease [166, 167].

Finally neutrophil toxic products impair the st and functioning of the airway
mucosa by digesting airway elastin, basement membcallagen and proteoglycan,

contributing in this way to the progression of tigease.

1.8.2 Lower airway inflammation and bronchiectasis

Sputum colour when graded visually relates to #tesigy of the underlying markers
of bronchial inflammation confirming that increaggarulence is a result of increased
inflammation. Visual measurements of sputum colarongly correlate with

myeloperoxidase, interleukin 8, leukocyte elastgmeth activity and total quantity),
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and sputum volume [168]. In steady state brontasis, sputum neutrophil elastase
levels correlate with the per centage of neutrgpluto-inflammatory cytokines (IL-8
and TNFe) and 24-h sputum volume that is a marker of disesctivity [166, 169].
The sputum elastase level correlates with sputuodymtion, lung function, and

airway cytokine expression in bronchiectasis [170].

There are several chemotactic factors presentiesens and the chemotactic activity
of purulent secretions is higher than that of mdamies. Thiss largely related to an
increase in IL-8 levels, whereas t@ntribution of LTB4 remains relatively stable.
This observatiomas important implications in deciding future theratic strategies
since continued neutrophil recruitment is thoughbé importanto the pathogenesis
and progression of chronic bronchial disease. Ratmmvreduction of the chemotactic
drive may presern attractive therapeutic strategy. However, nghitchemotaxiss
clearly required during episodes of acute infecewacerbationsf bronchial disease.
Prevention of this normal response may therefsme harmful. For this reason
measures aimed at removing the8 drive may prove counterproductive, whereas an

approach imbrogating the LTB4 drive may be more successfil]l

Neutrophilic infiltration into bronchiectatic airwa is also mediated by mediators such
as host complement factor 5a (C5a), leukotrienglBB.), IL-8 and IL1, tumour

necrosis factor e~ and leukotriene (LT) B[6, 172]. These cause release of toxic
products such as neutrophil elastase (NE), metaltepses and reactive oxygen
species. Because of the large number of neutrophidsent, lung defences are
overwhelmed [2, 172, 173]. Patients with more adedn disease have more

inflammation within the airway. Levels of TNk~ IL-1B and IL-10 are higher in
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broncho-alveolar lavage fluid of these patients7][1ZActivated neutrophils do not
differentiate between bacteria and bystander lisgué. This inflammatory shift is

persistent post treatment. Modulation with theragliyneed formal study [71].

While individual cytokines have different actiorthere may well be an overlap in
function. LTB4 promoteseutrophil migration and degranulation. IB-Inediates
airway inflammation and fibrosis; TNé&- interacts synergisticallyith 1L-1 in
prostaglandin induction; and IL-8 is onetbé most potent chemo-attractants which
also degranulates neutrophilsbronchiectatic airways [71]. TNé&- and IL-1 have
been shown to induce the breakdown of tight jumstion the blood/brain barrier in
vivo [174]. A combination of anti-TNF and anti-ILdntibodies completely neutralized
cell separation in the vascular endothelium thatinduced by Streptococcus

pneumoniagl75].

A non-clearing adaptive immune response to chrimfiéction of the lower respiratory
tract in bronchiectasis subjects may contributeth& airway inflammatory process.
Subjects with bronchiectasis and recurrent infestiith non-typeablélaemophilus
influenzaepresent a type 2 T-helper cell (Th2) predominasponse with production
of IL-4 and IL-10. Conversely, cytokine patterncontrol subjects was consistent with
a Thl response. Non-typealtl@aemophilus influenzaalso form adherent biofilms on
the surface of airways epithelium. The epitheliumtirn responds through increased
secretion of several innate and adaptive immundorfacthat mediate airway
inflammationH. influenzaestimulates respiratory epithelial production ofarmphage

inflammatory proteins, IL-8 and TNé&-bothin vitro andin vivo[166, 176].
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Airway inflammation notelated to colonization may be present in the estdges of
thedisease. However subjects with pathogenic organimizing the airways have
a more intense neutrophilic inflammatory reactibant non-colonized patients. Also
markers of inflammation increapeogressively with the increase in the bacteriatlo
Although it is speculatethat the Pseudomonaspp. may cause a mongtense
bronchial inflammation, no differencées the inflammatory parameters according to

the type of bacteria isolated has been noted [127].

Exacerbations are associated with further elevatddmmation in the form of
augmented cytokine expression, cellular infiltratéhesion molecule expression, loss

of lung function and symptomatic deterioration [L77

1.8.3 Systemic evaluation of airways inflammation

Cytokine concentrations of Ile] TNF-o and IL-8 are normally below levels of
detection in plasma [178]. The relatively low lexalf plasma cytokines compared
with broncho-alveolar lavage fluid and the poorretations between them suggest that
the inflammatoryprocess in the airways is mostly compartmentaliz@dcomplex
interactionbetween cytokines and their natural antagonisthénlocal milieuor the
relatively low intensity of the bronchial inflamnoay process may explain this local
effect. The systemic reflection of local inflammatoesponse is thought to be closely
related to the severity of the disease, being nmiemse ircases of severe pneumonia

and ARDS [127].
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In stable state chronic obstructive pulmonary dise@OPD) there is no evidence of
correlation of inflammation in the systemic and ésvairway compartments suggesting
that the two compartments may be modulated sebardle’9]. However in

exacerbations of (COPD), the systemic inflammatesponse is proportional to that
occurring in the lower airways and greater in thespnce of a bacterial pathogen. In

particular serum IL-6 is correlated significantbysputum IL-8 [179].

Independent functioning of the two compartmentads fully explained. Perhaps the
local inflammation does not spill over or perhapamter-regulatory mechanisms are in

action and need further study.

1.8.4 Cytokines as a marker of inflammation in dipautic trials

There is no gold standard for measuring diseasétgdh bronchiectasis. The efficacy
of inhaled corticosteroids has been studied usingusn output of leucocytes, ILB1
IL-8 and LTB4 [93]. The first and only systemat&valuation of sputunpro-
inflammatory mediator profiles after fluticasoneithpy showed a dramatic reduction

in concentrations dE-1, IL-8, and LTB4 activities in the bronchiedtaairways [71].

There are only a few longitudinal studies on sputpro-inflammatory mediator
profiles in bronchiectasis. Most studies have eatgldi these mediators in stable state
disease. Investigating these biomarkers has thenfial to yield information about
underlying mechanisms of disease and aid developrokrtherapeutic strategies

[71, 81].
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Chapter 2

The COBEX study

Characterisation of exacerbations in bronchiectasis

2.1 Introduction

Acute exacerbations of bronchiectasis are recedrdy a change in symptoms
with patients complaining of an increase in cougpytum volume and sputum colour
with an associated increase in malaise. In cantimsexacerbations of COPD,
treatment of acute exacerbations of bronchiectasisnot been well studied and hard
end points of treatment success have not beenlisth In particular in contrast to
asthma and COPD there is no convincing literatarsuggest that change in FEV
provides a good marker of treatment success ireaexdcerbations of bronchiectasis.
It therefore remains unclear as to how we could smea treatment success when
planning future interventional studies in acute cexbations of bronchiectasis.
Furthermore microbiological endpoints are not wedlidated in this disease. As
infection is chronic, as in Cystic Fibrosis, theadication of bacteria is a less likely
endpoint and reduction of bacterial numbers is eentikely scenario. However, there
are no published studies of sufficient size whiatidrass this issue in acute
exacerbations of bronchiectasis. Measurement d&rmhatory markers provides a
useful parameter of resolution of acute inflammatissociated with an exacerbation
but requires repeated blood sampling. The intrbdocof analysis of breath

condensates provides an alternative approach widohd be as efficacious as blood

54



markers but has yet to be investigated in thisexdnt From a patient perspective a
non-invasive marker of the need to start treatnfentan exacerbation and time to
complete treatment would be welcome. Finally itdsognised that in the absence of
change in lung function, antibiotic courses argpséal when the patient feels better.
Whilst previous studies of the St George's quesiame in bronchiectasis have
assessed stable disease there is a need to faxthlelate quality of life measures in

response to treatment of an acute exacerbation.

2.2 Definition
COBEX is an acronym for ‘Characterisation of braeckatic exacerbations’. We
chose this for ease of use in day to day functpwihthe study. While it does not do

justice to the complete title, the purpose of caoimece was served.

2.3 Objectives

We set out to study acute exacerbations in Non-@hd&hiectasis with a view to
defining clear end points towards which future imémtions can be directed. To this
end we intended to use all currently availableiciilhh biochemical, spirometric and
microbiological parameters. Some parameters ardy emgilable in most clinical
settings while others are experimental. We havdietlupatients in stable state (not
having had an infection in the preceding 4 weeks) fallowed these patients through

an exacerbation.

The patient is at the centre of this study. Padigmtesent with symptoms and
measuring this would be paramount to any clinitatlg. Objectively assessing these

symptoms will allow wide use with no economic burdény disease ultimately
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compromises quality of life. Some symptoms howesarere will be tolerated; others
may be comparatively minor but less well tolerasl quality of life may be

compromised. It follows that a measure of diseasstrimclude Health related quality
of life (HR-QoL). We have employed two commonly dspiestionnaires to measure

the HR-QoL —The St Georges’ respiratory questiaenaind the Euroqol.

Copious and purulent sputum production has remaihecrimary complaint of this
disease. Analysing sputa is thought to hold theesem the persistent infection.
Information sought from sputa is many fold. Microloigical load and quality is
widely studied [5, 17, 80, 127]. More recently sarinflammatory markers including
cytokines have yielded useful information in otheng diseases such as chronic
obstructive pulmonary disease [180]. Correlatiobmen microbiological load and
inflammatory marker has been sought to explairptitbological process in detail. We
have attempted to measure qualitative and quawdtamicrobiology. We have also
analysed both serum and sputum for inflammatory iatexs that are commonly

described.

Colonization with Pseudomonas aeruginosés a poor prognostic factor in
bronchiectasis [62]. Anti-pseudomonal antibodies ereant to be protective against
infection. However a malfunction renders these fewive and may in part be
responsible for the persistence of infection. Rdisevels are thought to precede

colonisation. We have attempted to measure theséslan our study.

Serum inflammatory markers range from regularlyduselices such as ESR and CRP
to more specific mediators of inflammation suchttzes cytokines. These have been
reported to be raised in bronchiectasis. We havasared ESR, CRP and seven other

inflammatory markers: Interferory (IFNy), Tumour necrosis factor (TNFe),
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Interleukin 6 (IL-6), Interleukin 8 (IL-8), Interl&kin 18, Interleukin 10 (IL-10) and

Interleukin 17 (IL-17) in this study.

Forced expiratory volume in the first second (EFEkemains a standard measure by
which all lung disease is judged. It may not alwpsevide useful information but will
help assess patient’s functional level. Forced reawes are difficult for patients with
lung disease. Newer methods such as Impulse Qsetly (I0S) are less
cumbersome and may provide the answer in the fuiMeehave used both spirometry

and 10S to identify useful markers in bronchiectasi

Finally, in an attempt to measure lower airway #égidle have used the exhaled breath
condensate to predict the changes of an exacembati® have compared exhaled

breath pH of healthy volunteers to patients witbnghiectasis to set a bench mark.

2.4 Study Design
The study is designed as a longitudinal prospeaotort study. We have followed

patients for a period of two years and prospedtisaldied all reported exacerbations.

2.5 Ethical approval

The initial Ethical approval for this study was mged by the Cambridge 1 Research
Ethics Committee on the *'1of August 2006. (MREC ref 06/Q0104/33). An

amendment to the protocol was made on thefé~ebruary 2008 and ethical approval
was sought again. A valid notice of approval ofiastantial amendment was thereafter

issued. Appendix i & ii.
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2.6 Funding

We are grateful to the Evelyn Trust (PO Box 27 chiin, Hertfordshire, SG4 7ZQ) for
their generosity in funding the first year of tkisidy. The second year was funded by
the Department of Research and Development, PapwHdspital, Cambridge

CB23RE.

2.7 Time frame

The total study period of two years commenced @ fhof September 2006 and

ended on the 3%of August 2008. Ethical approval was granted & shme year. The

first patient was recruited in February 2007. Thst Ipatient was recruited in June

2008. The data was analysed thereafter.

2.8 Subjects

Subjects for this study were recruited from the d¢.ubefence Clinicat Papworth
Hospital, Cambridge. The Papworth Lung Defencei€livas defined a gold standard
for characterisation of patients with Non CF brdaectasis and already has a well-
defined cohort of patients [18]. The clinic curlgrbllows over 500 patients with well
characterised bronchiectasis. All patients hadagrsis of bronchiectasis confirmed
by previous HRCT and clinical featuresll patients entered into this study are white

Caucasian.

Fifty-eight patients were recruited. Twenty-two dfiese patients suffered an

exacerbation and were studied through this period.
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2.9 Patient criteria

The criteria set out for patient participationisgdd below. This was strictly adhered to

2.9.1 Inclusion criteria

» Patients attending the Lung Defence Clinic withlwblaracterised bronchiectasis
[18]

Age 18 and upwards.

Patient able to cooperate for a period of 12 months

Patients were daily sputum producers.

YV V V VY

Fourteen healthy volunteers were recruited to stxhaled breath condensate.

2.9.2 Exclusion criteria

» Patients with Cystic Fibrosis.
» Patients on immunoglobulin therapy

» Patients on treatment for non-tuberculous mycobiatieng disease.

2.10 Protocol

All subjects were studied in stable state not hgnsnffered an exacerbation in the
preceding 4 weeks (Baseline/visit 0). They wereedgk contact the Research clinic in
case they suffered an acute exacerbation. Theaydeitethe clinic again at the onset of

an exacerbation prior to commencement of antibtoéatment. Follow-up visits were
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arranged for Day 7, Day 14 and day 42 thereaffgtibiotic treatment was prescribed
based on previous microbiological status. All patsewere treated for a period of 14

days with either oral or a combination of oral, mided and intravenous antibiotics.

Clinical, biochemical, microbiological, HR-QoL arldng function parameters was
measured in all patients entered into the COBEXysand is listed in Table 2.1. All
clinical, biochemical and microbiological parametevere measured at each visit.
HR-QoL questionnaires are designed to be meastiegsiaterval of either a minimum
of 2 (Euroqol) or 4 weeks apart (SGRQ). Hence HR-@@as measured at baseline,
Day 1 and Day 42 for all patients. In addition eats were asked to complete a

Euroqol questionnaire at Day 14.

The Clinical research form used — Appendix iii
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Table 2.1: Summary of the visit schedule for COB&Xdy.

Clinical,

biochemical,

microbiological,

HR-QoL antung function parameters

measured in all patients entered into the COBEXystll clinical, biochemical and
microbiological parameters were measured at eash. viPatients completed the
Euroqol at baseline, Day 14 and day 42. In additiatients were asked to complete a
Euroqgol questionnaire at Day 14.

VISIT VISIT 1 VISIT 2 VISIT 3 VISIT 4
0
Day 1 of acute| Day 7 of acute Day 14 after Day 42 after
. ; X onset of acute| onset of acute
baseline| exacerbation | exacerbation X X
exacerbation | exacerbation
Clinicians X X X X X
assessment
Euroqo X X X X
St G_eorge_: X X X
guestionnaire
Sputum 24 hou X X X X X
volume
Qualitative
X X X X X
Microbiology
Inflammatory
Markers: X X X X X
Cytokines
Exhaled Breat
Condensate X X X X X
(pH analysis)
WBC, CRP,
ESR X X X X X
Spirometn X X X X X
Impulse X X X X X
Oscillometry
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Chapter 3

Results

Characteristics of patients in the COBEX study

3.1 Study Subjects

One hundred and sixty-five patients were approaeiida view to recruiting them to
the COBEX study. Information on the study was gitenall patients. Sixty five
patients consented to participating in the study. & these patients changed their
minds prior to commencement of the study. One phatiied during the trial of
unrelated causes. Fifty-eight patients enteredstidy and were screened for the

baseline visit.

Twenty-seven patients suffered an exacerbatiomgutie period of the study. Five of
these patients were unable to attend for a visihatstart of an exacerbation. Three
patients felt their symptoms worsen at the begiproha weekend and commenced

their antibiotics as advised. Two patients werebleto attend for other reasons.

Twenty-two patients were screened during an exatierp of bronchiectasis. Twenty
patients finished all visits. Two patients deteaterd before the final visit. Data from

these patients is included in all initial visits.

A total of 144 patient visits were recorded betwé&ebruary of 2007 and August of

2008. Only three patients needed to be admittdubspital for inpatient care. While
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two patients had prolonged hospital visits, onéepatwas admitted for 14 days and

attended for the last visit as an out-patient.

The mean age (SD) of our cohort was 64years (1Mt patients were female

(34/58, 58%).

The use of antibiotics was variable among the petistudied. The mean number of
courses of antibiotics used was 3 (range 0 — I)avenous antibiotics were less

commonly used as an out-patient and were neededligyne patient.

Eighteen patients (31%) were been admitted to tedsipi the preceding one year for
treatment of bronchiectasis. Three patients had laelenitted more than once. Only

one patient needed care on the Intensive theraify un

3.2 BMI
The mean (SD) Body Mass Index (BMI) for this groofppatients was 25(4). The
mean (SD) weight for the men was 80(11) kilogramd &or the women 68(22)

kilograms.

3.3 Smoking History

Thirty patients had never previously smoked tobactwenty-six patients had

previously smoked. Only 2 patients were currentk@mm These patients were not
studied during an exacerbation as they met theusixsi criteria for exhaled breath
condensate collection. The mean use of tobaccalfgpatients was 21 pack years

(Range 5-180). Subject characteristics are sumathiisTable 3.1
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Table 3.1: Characteristics of patients and healdtynteers entered into the COBEX

study.
Full cohort Exacerbator: Healthy
volunteers
n=58 n=22
n=14
Mean ag
64years (11.4) 63years (8.5) 65years (5.9)
(+/-SD)
Sex (M: F) 24:34 5:17 7:7
Smoking history
Ex-smokers 26 11 9
Non-smokers 31 11 4
Current smoke | 1 1
Mean
1.9L (0.712) 1.9L (0.61) 2.3L (0.82)
FEV: (£SD)
Mean FE\ %
75 %( 25) 81 %( 28.2) 100 %( 27.1)

predicted (xSD)
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3.4 Past medical history
In addition to bronchiectasis, twenty four patief#%%) had asthma, 23(40%) suffered
with Gastro-oesophageal reflux disease, 6(10%) Qlanic obstructive pulmonary

disease and 8(14%) had Ischaemic heart disease.

3.5 Diagnosis of bronchiectasis

The median age at diagnosis in our cohort was 4fsyéange 1-79 years n=55,
no data on 3 patients). The duration of diseasdeasified by patients was (median,
IQR) 39 (12.5 - 59) years. The time of potentiahqary insult was before 35 years of

age in 40 % of patients.

3.6 Aetiology of bronchiectasis

This cohort of patients has well defined broncladsist as previously described [18].
Aetiology for the bronchiectasis was known in ovéd% of patients (41/58).

Bronchiectasis as a consequence of childhood infeavas the commonest in the

group of patients studied. All known causes atedisn Table 3.2.

Aetiology of bronchiectasis in the cohort that i@towed through an exacerbation of

bronchiectasis is listed below Table 3.3.
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Table 3.2: Aetiology of bronchiectasis in all sudtgerecruited to the COBEX study.

Aetiology n=58

Post pneumon 3(5.2%
Aspiratior 2(3.4%
Ciliary dysfunctiot 1(1.7%
Rheumatoid arthrit 3(5.2%
ABPA 2(3.4%

Antibody deficiency with norme| 7(12%
immunoglobulins

Childhood Infection 23(39.6%

Idiopathic 22(37.4%

Table 3.3: Aetiology of bronchiectasis in the cdhbat was followed through an acute

exacerbation.
Aetiology n=22
Post pneumon 2(9%)
Aspiratior 1(4.5%
Rheumatoid arthrit 1(4.5%

Antibody  deficiency  with  norme| 4(18%
immunoglobulins

Childhood Infection 7(31%

Idiopathic 7(31%
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3.7 Antibiotic therapy in bronchiectasis

3.7.1 Prophylactic oral antibiotics

The Lung Defence clinic at Papworth practises é&palf prescribing oral antibiotics
as prophylaxis to patients who have previously iregufrequent courses of treatment.
This is thought to reduce the requirement of aotibiuse annually and also reduce the

bacterial load. Most patients do so with littlenar side effects and are compliant.

Thirty seven (64%) of the patients recruited to @@BEX study were taking oral
antibiotics regularly in the absence of an exad@yba Six (10%) Amoxicillin;
11(19%) Doxycycline; 14(24%) Azithromycin; 1(2%) yEmromycin, 5 (8%)

Trimethoprim.

In the group of patients followed through an exbaton, 2(9%) were taking
Amoxicillin, 4(18%) Doxycycline; 6(27%) Azithromyai and 2 (9%) were on

Trimethoprim prophylactically.

3.7.2 Prophylactic nebulised antibiotics

Fourteen patients were using nebulised antibiopfiosphylactically. Nine (15%)

Colomycin; 3(5%) Gentamycin; 1(2%) Tobramycin; arid2%) Meropenem.

In the group of patients followed through an exbation, 3(5%) patients were

Colomycin nebuliser and one patient (2%) on Gentamgebuliser prophylactically.

Eight patients were on more than one antibiotiqppytactically. One patient who had

end stage bronchiectasis was on four antibiotitseasame time.
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3.8 Domiciliary oxygen
Only two patients had domiciliary oxygen. One wad.ong term oxygen therapy and

another patient was on short burst oxygen therapy.

No patient in this cohort was on domiciliary veatdry support

(Non-invasive ventilation).

3.9 Mucolytic agents

Eleven patients (19%) were prescribed a mucolgéena

3.10 Vaccination history
This patient group was well immunized. Fifty fo@B#b6) patients had been immunised
with the annual Influenza vaccine and 46(79%) hagnbimmunised with the

Pneumococcal vaccination.

3.11  Chest Physiotherapy

Patients in this cohort were well educated in th@padrtance of regular chest

physiotherapy techniques. Forty four (76%) folloveedne form of physiotherapy on a
regular basis, 42 (72%) patients did so severagimmonth. Nineteen patients (33%)
used more than one form of physiotherapy. The nasthad physiotherapy used are
listed in Table 3.4. Frequency of physiotherapy lewgd by our patients is listed in

Table 3.5.
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There was no significant difference in the numbfeex@cerbation suffered between the
group that did physiotherapy several times a mcaand those that did so less

frequently (p=0.55).Mechanical aids were not fratlyeused in our cohort of patients.

Table 3.4: Various methods of physiotherapy empldyg subjects within the COBEX

study.
Method of Physiotherapy us Number of patien
Active cycle of Breathing Technigue (ACBT) 30
Postural Drainag 26
Flutter Valve 3
Acapell: 2
Autogenic Drainag 0
General Exercis 2
Percussion & Vibratio 5

Table 3.5: Frequency of various techniques in jollgerapy employed by subjects

within the COBEX study.

Frequency of use physiotherap Number of patien
Nevel 14

Once every other mor 1

Once a mont 1

Several times a mor 2

Once a wee 8

Several times a we 5

Daily 27
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3.12 Use of Inhaled corticosteroid therapy

Forty eight (83%) patients were prescribed and wesiag inhaled corticosteroids at
the time of the study. The average dose of inhedeticosteroid was the equivalent of
800mcgs beclamethasone. This was not correlatatieécnumber of exacerbations

(r =- 0.10) or the 24hour sputum volume (r = 0.02).

3.13  Discussion

Our cohort of patients is comparable to other sérieage and sex match. Mean age in
other series has been reported as 57.2 [5], 63 BA][127] and 56 years [109].
Younger patients are rare. In one series only 6%atients were younger than 30

years [5]. Although some studies have reporteddemage range [19-92 years] [109].

Female predominance is reported in most studiesr @uup is therefore
representative. Female population within other iskichave been reported as 64%

[109], or up to 68% [5, 61] .

The Mean (SD) Body Mass Index (BMI) for this groap patients was 25 kghn
indicating a healthy cohort. This also points timias in the study as patients who were
able to attend the out patients when unwell wereentigely to consent to the study.
However this is comparable to other groups [21, 2Rjderweight subjects (lower
BMI) have a higher mortality rate. Mortality is tinght to be higher when the BMI is

less than 20 kg/f{21]. Women are also known to have a higher BM[|[2

A formal diagnosis of bronchiectasis can often leéayked. However patients often
recall the duration of disease based on symptoneh s$ chronic production of
sputum. Most patients are able to identify the tohenset of symptoms. Patients also

identify a definite time at which potential pulmaepansult or injury has occurred. This
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varies between 14 years to 20 years of age [5, T2ifre is sometimes a lag between
insult and the onset of symptoms and has beentezbas 13.6 years in one series [5].
The mean duration of suffering with the disease 3#&agears (range 4-85 years). This

is well comparable to other reports.

A majority of patients with bronchiectasis are rsmekers. Even those who have
previously smoked tend to discontinue due to clissiomfort. In a Texan series 55%
of patients were lifetime non-smokers [5], whilst &an Australian cohort 82% of
patients were non-smokers [17]. Mean pack yeard&as reported to be between 8.9-
29.8 [5, 21]. Our patients are comparable to othdilished series with 53% being

non-smokers.

Aetiologically, between 30-80% of patients are mgd to have idiopathic

bronchiectasis [5, 71]. The proportion of patientsh idiopathic bronchiectasis is

much smaller in our cohort compared to other gro@hs cohort of patients is well

characterised and have been studied in some &8l Proportion of patients with

other causative factors of bronchiectasis is coaigarto our group. In a large series
from Texas, 35% had post pneumonic, 20% post obddhinfections, 10% post

granulomatous disease, 4% genetic disease cabsorghiectasis ofl-antitrypsin

disease, immaotile cilia syndrome and cystic fibsp§b].

The average number of exacerbations in a year skewasy. While some suggest that
patients may suffer an exacerbation only everytaighnths[27], others think it more
frequent, between 2-4 times a year [71, 181]. Gau identifies with the latter two

studies and our patients suffered a mean of thtaeeebations the preceding year.

Patients with antibiotic resistance seem to suff@nificantly more number of

exacerbations in a year than those with sensitrgarosms [17]. Use of antibiotic
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prophylaxis may alter the number of exacerbatibas patients suffer in a year. In one
study the average number of exacerbation per ygaifisantly reduced from 10 to 5

per year when these patients were treated with temmy Azithromycin (mean duration

of 9.1 months) [61]. Admissions to Hospital areefaas most patients are treated with
oral antibiotics. Patients needing intravenoushémtics may be admitted to hospital at
some centres. At the Lung Defence Clinic at Papwarttients are trained to self-
administer intravenous antibiotics. This reducesrttie of hospital admissions. Two of
our patients were admitted to hospital. Both hdtkiotomorbidities such as chronic
obstructive airways disease and needed advanceihguand medical care. Rates of

hospitalisation have been variously reported asl®G&er year [181].

Inhaled corticosteroids have been shown to haveaa benefit in asthma. However in
bronchiectasis evidence for use remains limitedeklVifuticasone is administered at a
dose of 500mcgs twice daily, 24 hour sputum volusémproved but it has no
influence on the number of exacerbations. This maggest that exacerbations are
infective while improvement from ICS is inflammagof71]. We were unable to
correlate the dose of inhaled corticosteroids insiudy with either the frequency of

exacerbations or the 24 hour sputum volume.

The benefit of mucolytic therapy in bronchiectagsdoubtful [8]. Recombinant
deoxyribonuclease | administered in conjunctiorhvgitandard therapies is effective in
treatment of patients with cystic fibrosis. Howevkis effect is not observed in non
CF bronchiectasis [27]. A 15 day trial of erdoséeifa mucoactive thiol derivative)

along with chest physiotherapy has been shown prawe the FEV1 by 200mls in a
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randomised controlled trial. However this was ismaall group of 30 patients [182].
Inhaled mannitol increases mucus clearance in rgatieith bronchiectasis by an
unclear mechanism. The effect of mannitol on lwmggcfion, health status and sputum
properties was investigated. Mannitol significarithproved the health status over 12
days and this improvement was maintained for 6-dy® dafter cessation of treatment.
In addition, mannitol reduced the tenacity, incesathe hydration of mucus acutely
and improved cough clearability in patients withorichiectasis [183]. A trial of
mucolytic is often offered to our patients to séatihelps ameliorate symptoms.
Nebulised hypertonic saline can be used safely efffiectively as an adjunct to
physiotherapy in selected patients. A long-termspeative trial is now indicated to
determine its effectiveness on long-term infectiate, quality of life and lung function

[184].

We think there may be a bias in recruitment of sctgj to the study. Patients who lived
within a convenient travel distance to the Hospitaided to consent to the study.
Patients living further away were less keen anditiedhto being unable to travel all

the way when ill. The use of prophylactic antilisticompared to other cohorts may
also introduce a bias within this study. Otherwise cohort is fairy representative and

comparable to groups in other reports in termsadmographic match.
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Chapter 4

Analysis of clinical features in bronchiectasis

Symptoms and signs of disease in stable statenamclite exacerbations from
the COBEX study

4.1 Introduction

The Clinical features of bronchiectasis have beestidbed in Chapter 1. It was our
aim to establish using the COBEX study cohort weetive could track symptom

scores and show differences at an exacerbationimfitovement on treatment without
the use of diary cards. We employed Visual Analogemres and the Modified Borg’s
breathlessness score. We also wished to charactdréges in clinical signs i.e. body
temperature, respiratory rate, oxygen saturatiodscaest auscultatory findings during

the course of an exacerbation.

4.1.1 Visual analogue Score

Pain, as a symptom, is often scored on a scaletoflD. Medication is often
ordered and administered on the basis of the gatisnbjective pain response.
A similar self-rating scale could be used for patsewith varying levels of

symptoms in patients with bronchiectasis.

A Visual Analogue Scale is a measurement instruntbat tries to define a
characteristic or attitude that is believed to mmgross a continuum of values that

cannot easily be directly measured [142]. Fromphtent's perspective this spectrum
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appears continuous and their symptoms do not tekeete jumps, as a categorization
of none, mild, moderate and severe would suggdw. VIAS captures this idea of an
underlying continuum. Operationally a VAS is usyal horizontal line, 100 mm in
length, anchored by word descriptors at each emd]ustrated in Appendix iii. The
patient marks on the line the point that they fegresents their perception of their
current state. The VAS score is determined by nm@gsun millimetres/centimetres

from the left hand end of the line to the point tiie patient marks.

As such an assessment is highly subjective, theakess are of most value when
looking at change within individuals, and are afslevalue for comparing across a
group of individuals at one time point. Thereforee tVAS is useful in trying to

produce interval data out of subjective values #natat best ordinal [185].

Visual analogue scores have been used to asseusodgsin bronchiectasis. In a study
to looking at the beneficial effects of acupressarbronchiectasis, the authors used a
modified VAS score to measure improvement in dysangl86]. A change in

modified VAS has also been used to measure chantghest unpleasantness due to

secretions" after airway clearance techniques [187]
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4.1.2 Borg's Breathlessness score

The sensation of breathlessness is a sensory erperthat is perceived, interpreted,
and rated by the individual [188]. An objective essment of breathlessness includes
clinical examination: evidence of cyanosis, regpia rate, ability to speak in full

sentences. Simple bedside tests used in respirdigegses include measuring a peak

flow, trans-cutaneous oxygen saturation measure(@&@) and blood gas analysis.

The Modified Borg breathlessness (MBS) score isnple questionnaire that is a valid
and reliable assessment tool. Patients were agkechté their breathlessness by
indicating a score between 0 (no breathlessnessallat and 10 (maximal
breathlessness). Patients with a Borg score of mem@ considered to be free of
breathlessness. Subjects with any other Borg seere taken to have breathlessness
[189, 190]. Table 4.1 is the modified Borg's bréasisness score used in the COBEX

study.

Objective measurement of dyspnoea using the MBS been described in other
respiratory conditions. In a group of patients witsthma the MBS was related to
changes in airflow obstruction [191]. In COPD, eosy relationship between MBS
and respiratory effort with exercise has been desdr{192] and an association with a
6 minute treadmill walk test has been reported 198 a study using normal
volunteers with induced dyspnoea, it was found sldjects could distinguish between
different sensations of breathlessness and thatetime breathlessness encompassed
multiple sensations. It was found that subjectslctalistinguish between levels of

breathlessness using the MBS [52].
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Table 4.1: The modified Borg's breathlessness S@dES).Using the following score
of 0-10, breathlessness is assessed. Zero is gothtinall and 10 is maximal
breathlessness.

SCALE SEVERITY

0 No breathlessness at

0.t Very very slight (Just Noticeab
1 Very sligh

2 Slight

breathlessness

3 Moderat:
4 Somewhat seve
5 Severe

breathlessness

6

7 Very severe breathlessn

8

9 Very very severe (almomaximum
1C Maximurr

Note: The word "breathlessness" was added in asioreof the scale for clarification
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4.2 Aims

Symptoms in bronchiectasis are known to deteriadtaténg an exacerbation. This has
not been quantified previously. We have attempteduantify symptoms at baseline
(in stable state) and during an exacerbation. Wehed to measure change in
symptoms with a view to defining clear end poimtards which future interventions

can be directed.

A clinician’s assessment was also carried out. @lhm was to measure clinical

parameters during the course of an exacerbatibnooichiectasis.

The clinician’s assessment included out-patientécthje measurements of

» Blood pressure — Systolic and diastolic

» Respiratory rate

» Oxygen saturations as measured by standard digits¢ oximetry
* Body temperature measured in degrees centigrade

« Examination of the hand for finger clubbing

« Auscultation of the chest

4.3 Methods

As described in Chapter 2, section 2.11 patiente wecruited from the Lung Defence
Clinic at Papworth Hospital, Cambridge. All patieritad well characterised Non CF
Bronchiectasis All patients were screened at Baseline (No exatierban the
preceding 4 weeks), Day 1 of an exacerbation (aetny commenced antibiotics),
Day 7 during treatment with antibiotics, Day 14 qdetion of treatment with

antibiotics and Day 42 on recovery from exaceripatio
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4.3.1 Study Protocol

4.3.1.1 Visual analogue scale

Patients attended the Research Clinic and a tent pidual analogue scale was
completed at each visit by all subjects. The foitapwsymptoms were assessed using a

ten point visual analogue scale:

Cough
Breathlessness,
Chest pain

Chest discomfort
Volume of sputum

Colour of sputum

vV VYV Vv YV VYV V VY

Fatigue

The VAS is included in the Clinical Record formAppendix iii.

4.3.1.2 Modified Borg's breathlessness score.

All patients completed a Modified Borg's breathlesss score (MBS) at each

visit.

The MBS is included in the Clinical record formAppendix iii.

4.3.1.3 Clinical examination

Blood pressure was measured using an electronicele@xygen saturations were
recorded using digital pulse-oximetry. Body temp@ne was measured using a

sublingual probe. The clinician then conductedlréspiratory physical examination.
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4.4 Statistics

VAS scores are described in absolute values widr guartile ranges.

MBS scores are described as absolute values witidatd deviation.

All correlations are made with linear regressioringsthe Pearson correlation
coefficient (r). A global test for repeated measuf@NNOVA) was used to measure

change over time. Change was considered signifitar0.05

4.5 Results

451 Visual analogue scale

4.5.1.1 Stable state bronchiectasis
Fifty-five patients completed the Visual analogwmle questionnaires at baseline.
Patients scored fatigue maximally over cough andusp production. Values from the

VAS questionnaires completed in stable state atediin Table 4.2.

4.5.1.2 Acute exacerbation of bronchiectasis.

Twenty two patients were followed through an exhaton having been studied at
baseline. Nineteen of these patients completefbailvisits. There was an increase in
the perception of all measured symptoms at Day &xafcerbation. This trend was
reversed by Day 14 and there was no differencedmtvBaseline and Day 42 recovery
from exacerbation. Values from VAS questionnairesigleted during visits made at
the time of an exacerbation are listed in Table @&&phical representation of each of
the symptoms recorded on the visual analogue sabmifferent times during the

exacerbation are shown in figures 4.2 — 4.8
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Table 4.2: Median and inter quartile range visulague scale scores in centimetres

for patients in steady state bronchiectasis (nainigghad an exacerbation in the
preceding four weeks).

Baselint Inter quartile ranc
Breathlessne 270 1.2-4.1
Chest pai 0.97 0.15-0.95
Chest tightness 1.66 0.4-2.4
Colour of sputum 243 1-3.4
Volume of sputum 267 0.95-4.65
Cougt 2.95 1.1-4.75
Fatigue 3.86 1.45-5.4

Table 4.3: Median and inter quartile range visualague scale scores in centimetres

for patients during an acute exacerbation of brimuthsis.

Baselint Day 1 Day 1¢ Day 4: p value

Breathlessne | 2.2 5.5 195 1.€ p<0.001
(1.2-3.1) (3.5-7.4) (1.54.65) | (0.45-3.2)

Chest pai 0.25 1.7¢ 0.9 0.6 p=0.01:
(0.1-0.8) (0.22.9) (0.2-1.4) (0.2-1.2)

Chest tightnes | 2.1 4.8 1.3t 0.9 p<0.001
(1.3-4.7) (2.2-6.9) (0.9-2.95) | (0.2-2.55)
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Colour of 1.¢ 5.¢ 2.C 1.7 p<0.001

sputum 07-25) | (3.1-7.8) |(0.7-3.4) |(0.3-4.3)
Volume of 1.t 4.C 1.6 1.1 p<0.001
sputum (03-2.9) | (2.466) |(0.848) |(0.5-2.8)
Cougr 21 6.2 4z 14 p<0.001

(1.3-4.7) | (5.0-7.8) |(2.0-5.2) | (0.8-4.4)

Fatigue 3.E 7.1 3.1 1.7 p<0.001
(1.2-5.9) |(5.7-8.2) |(1.35.7) |(0.6-3.0)

Breathlessness on the VAS.

haséline dal;.r 1 dEI‘_;.f 7 dayl 14 da}rl42

Figure 4.1: Box plot showing the median and inteartjle range in centimetres for
breathlessness as scored on the visual analogoe gd® x-axis depicts the time of
visit - baseline (steady state with no exacerbativthe preceding 4 weeks), Day 1
onset of exacerbation, Day 7 on treatment for ekat®n, day 14 completion of
antibiotic treatment and Day 42 recovery from exlaaton. The y-axis depicts visual
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analogue score in centimetresll extreme observations are marked with an *. The
change was significant over the course of the gkatien. p<0.001

Chest pain on the VAS

S . . .

haselline da}l.r 1 da;r 7 dayl 14 dayl42

Figure 4.2: Box plot showing the median and inteartjle range in centimetres for
chest pain as scored on the visual analogue stbheex-axis depicts the time of visit -
baseline (steady state with no exacerbation irpteeeding 4 weeks), Day 1 onset of
exacerbation, Day 7 on treatment for exacerbatiay, 14 completion of antibiotic
treatment and Day 42 recovery from exacerbafidre y-axis depicts visual analogue
score in centimetres. All extreme observationsnaagked with an *. The change was
significant over the course of the exacerbatior).p2

10

Chest tightness on the VAS

) ‘
0 I

baseline da';r 1 dal,l.r 7 dayl 14 da}rl42

Figure 4.3: Box plot showing the median and inteartjle range in centimetres for
chest tightness as scored on the visual analogure.sthe x-axis depicts the time of
visit - baseline (steady state with no exacerbativthe preceding 4 weeks), Day 1
onset of exacerbation, Day 7 on treatment for ekat®n, day 14 completion of
antibiotic treatment and Day 42 recovery from exbaton. The y-axis depicts visual
analogue score in centimetres. All extreme obsimstare marked with an *. The
change was significant over the course of the ekatien. p<0.001
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10

Colour of spntum on the VAS

04 | I

baseline day 1 day 7 day 14 day 42

Figure 4.4: Box plot showing the median and inteartjle range in centimetres for
colour of sputum as scored on the visual analogaees The x-axis depicts the time of
visit - baseline (steady state with no exacerbativthe preceding 4 weeks), Day 1
onset of exacerbation, Day 7 on treatment for ekat®n, day 14 completion of

antibiotic treatment and Day 42 recovery from exlaaton. The y-axis depicts visual

analogue score in centimetres. All extreme obsimatare marked with an *. The
change was significant over the course of the ekatien. p<0.001

10

4]
L

Volume of sputum on VAS

0 T |

baseline Day 1 Day 7 Day 14 Day 42

Figure 4.5: Box plot showing the median and inteartjle range in centimetres for
volume of sputum as scored on the visual analogoeesThe x-axis depicts the time
of visit - baseline (steady state with no exacéobain the preceding 4 weeks), Day 1
onset of exacerbation, Day 7 on treatment for ekat®n, day 14 completion of
antibiotic treatment and Day 42 recovery from exbaton. The y-axis depicts visual
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analogue score in centimetres. All extreme obsemsitare marked with an *. The
change was significant over the course of the ekatien. p<0.001

Cough on the VAS

0 ‘ I

baseline da:l.r 1 da;r 7 da}rl 14 da}rl42

Figure 4.6: Box plot showing the median and inteartjle range in centimetres for
cough as scored on the visual analogue score. Fhésxdepicts the time of visit -
baseline (steady state with no exacerbation irpteeeding 4 weeks), Day 1 onset of
exacerbation, Day 7 on treatment for exacerbatiay, 14 completion of antibiotic
treatment and Day 42 recovery from exacerbafidre y-axis depicts visual analogue
score in centimetres. All extreme observationsnaagked with an *. The change was
significant over the course of the exacerbatior).p&l

10 4

E 3

Fatigue on the VAS

haséline I:Ia';r 1 I:Ia;' 7 dayl 14 da}rlqz
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Figure 4.7: Box plot showing the median and inteartjle range in centimetres for
fatigue as scored on the visual analogue score.xdgs depicts the time of visit -
baseline (steady state with no exacerbation irpteeeding 4 weeks), Day 1 onset of
exacerbation, Day 7 on treatment for exacerbatiay, 14 completion of antibiotic
treatment and Day 42 recovery from exacerbafidre y-axis depicts visual analogue
score in centimetres. All extreme observationsnaagked with an *. The change was
significant over the course of the exacerbatio).pgl
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45.2

4521

4522

Modified Borg’s Breathlessness score

Stable state bronchiectasis

Fifty eight patients were studied in stable staet having had an
exacerbation in the preceding 4 weeks).

The mean (SD) MBS score 3.32(1.6).

The MBS significantly correlated with the transangous oxygen
saturations (Sa02). (r=0.160, p=0.000)

The MBS did not significantly correlate with tharpal pressure of
oxygen while inspiring room air -Pa@=-0.118, p=0.44, n=45).
The MBS was significantly correlated with FE¢predicted (r= -
0.334, p=0.012, n=56).

The MBS was significantly correlated with the bidessness score

on the Visual analogue scale (r=0.669, p=0.0005n=5

Acute exacerbation of bronchiectasis

The MBS significantly increased from baseline ty d§=0.000).
The increase persisted despite 7 days of treatmigimtantibiotics
(p=0.012). This trend was reversed only by dayrd4ampletion of
treatment (p=0.425). There was no difference inMlBS between
baseline and day 42 (p=0.209)

Overall there was a significant variation in the $1Bver the course
of the exacerbation (p=0.000). Figure 4.9

The mean (SD) values of the MBS during the courfearo
exacerbation are listed in Table 4.4.
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Table 4.4: Mean (SD) values of Modified Borg's szat different time points during
the exacerbation

Modified Borg’s Number of
Day breathlessness score Standard Deviatior] atients
Mean value P
Baseline 3.30 1.4 22
Day 1 5.95 2.3 22
Day 7 4.85 2.4 22
Day 14 3.55 1.3 22
Day 42 3.60 1.5 20
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Figure 4.8: Interval plot showing the mean and 9&éffidence interval Modified
Borg's breathlessness score. The x-axis depicttrtieeof visit - baseline (steady state
with no exacerbation in the preceding 4 weeks), Dayset of exacerbation, Day 7 on
treatment for exacerbation, Day 14 completion dfibéstic treatment and Day 42
recovery from exacerbatioifhe y-axis depicts score as listed on the modiiety’s

guestionnaire. The change was significant ovecthese of the exacerbation. p=0.000
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4.5.3 Clinical examination

4.5.3.1 Blood pressure

The mean (SD) systolic blood pressure was 137(18)Hhy and mean diastolic blood
pressure was 77(13) mm Hg. This was within the mbmange for age and sex of this

cohort. (n=57).

The systolic blood pressure demonstrated a falmimHg between stable state and
Day 1. However this was not statistically signifita p=0.120. There was no
significant change in the systolic blood pressumeng) the course of the exacerbation,
p=0.849. Figure 4.10 demonstrates the mean and @sffidence interval change in

systolic blood pressure at various visits durirgdbute exacerbation.

The diastolic blood pressure demonstrated a fatmifnHg between stable state and
Day 1. However this was not statistically signifita p=0.234. There was no
significant change in the diastolic blood pressiugng the course of the exacerbation,
p=0.785. Figure 4.11 demonstrates the mean andideoick interval change in

diastolic blood pressure at various visits durimg acute exacerbation.
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Figure 4.9: Interval plot showing the mean and 3&#¥fidence interval systolic blood
pressure. The x-axis depicts the time of visit sdhme (steady state with no
exacerbation in the preceding 4 weeks), Day 1 on$etxacerbation, Day 7 on
treatment for exacerbation, day 14 completion dib@otic treatment and Day 42
recovery from exacerbation. The y-axis depicts ltlwod pressure in mm Hg. The
change was not statistically significant over tbarse of the exacerbation. p=0.849
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Figure 4.10: Interval plot showing the mean and 9&8#afidence interval diastolic
blood pressure. The x-axis depicts the time oft vidhaseline (steady state with no
exacerbation in the preceding 4 weeks), Day 1 on$e¢xacerbation, Day 7 on
treatment for exacerbation, day 14 completion dib@otic treatment and Day 42
recovery from exacerbation. The x-axis depicts lilmod pressure in mm Hg. The
change was not statistically significant over tbarse of the exacerbation. p=0.785
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45.3.2 Oxygen saturations as measured by digilak oximetry

The mean (SD) oxygen saturations were 96 (2.2) %oom air (Range 90 — 100%).
The mean oxygen saturations as measured by pulseetox fell by 1.2% between
stable state and Day 1[(p=0.483).There was no fgigni change in the oxygen
saturations measured at room air during the cowbethe exacerbation of
bronchiectasis. (p=0.559). Figure 4.12 demonstratsn and 95% confidence interval

oxygen saturations during the course of an exatierba

Oxygen saturations as measured by pulse oximetry
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Figure 4.11: Interval plot showing the mean and 986ffidence interval oxygen
saturations at room air. The x-axis depicts thetofvisit - baseline (steady state with
no exacerbation in the preceding 4 weeks), Day setonf exacerbation, Day 7 on
treatment for exacerbation, day 14 completion dib@otic treatment and Day 42
recovery from exacerbation. The y-axis depictspbecentage saturation. The change
was not statistically significant over the cour$¢he exacerbation. p=0.559
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45.3.3 Body temperature as measured by the guialiprobe.

The temperature was less than 38 degrees centigratleour patients at baseline
(n=58).0nly one patient demonstrated a temperatugecater than 38 degrees

centigrade at Day 1 of the exacerbation.

4534 General clinical examination and auscoafindings

Only 10% of patients had finger clubbing (6/55). @uscultation of the chest, in
steady state, seventeen patients were found to hareal breath sounds. Eleven
patients had unilateral crackles, 28 had bilaterackles and 2 patients had high
pitched inspiratory squeaks. There was no significghange in the auscultatory
findings during the course of the exacerbationsblda4.5 lists the auscultatory

findings in steady state bronchiectasis.
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Table 4.5: Auscultatory findings in patients of tR®BEX study in steady state

bronchiectasis.

Number of Unilateral Bilateral ngh .pltched
. Wheeze inspiratory
patients crackles crackles
squeaks
Baseline 0 4 7 1
Day 1 2 5 7 1
Day 7 3 4 5 1
Day 14 0 6 0 3
Day 42 0 0 4 0
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4.6 Discussion

We have attempted to quantify subjective symptombronchiectasis with a
view to measure change. Most symptoms in broncséctivary at the time of
an exacerbation. The Visual analogue scores havemsrated the validity of

our definition of an exacerbation.

Our patients gave fatigue a very high score bothtéady state and during an
exacerbation on the visual analogue scale. Thiddvclearly affect quality of

life and is essential that it be addressed wheatitig an exacerbation. Fatigue
can be a presenting feature in bronchiectasis [@8d]can be out of proportion
to the severity of disease [50]. We have demorsirat clear measurable

change in this symptom on a simple VAS questiomnair

Breathlessness was the second most severe symptamded by our patients.
The mean score for breathlessness at baseline@sied on the VAS- 2.7 cm
is comparable to other reports. Mean (SD) score parception of
breathlessness, measured on a visual analogue fcaksess the usefulness of
gravity-assisted drainage positions with a headrdtilvin clearing sputum was

2.3 (1.6) and this improved to 3.3 (2.0) cm [195].

We found a significant deterioration in breathlessn at the onset of an
exacerbation as measured on the VAS. This trendrasersed on treatment
with antibiotics by day 14 and back to baselinghé time and on recovery

from the exacerbation.
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Breathlessness as measured on the MBS also indrdéase baseline to onset of
exacerbation. This improved on treatment with aotibs by Day 14. Other workers
have used a change in Borg’'s score in bronchiectasiemonstrate improvement in
breathlessness in relation to airway clearancentquks and histamine challenges.

However they report a change in score rather thaolate values [196, 197]

In our study the visual analogue score stronglyetates to the MBS. This has
previously been shown in healthy young volunteeith wlyspnoea during exercise
[198]. The MBS was also significantly correlatedr@ns-cutaneous saturations (2a0
FEV1 per centage predicted, and the partial pressfiroxygen on room air as
measured with a capillary blood gas analyser wiam@es taken from an ear lobe

(Pa02).

Surprisingly, cough featured third in severity talde state and second at the onset of
an exacerbation in our patients. Other reports lpdaeed it as the primary and most
important symptom. A recent study has identifieffedént phenotypes of patients with
bronchiectasis in relation to the onset of a préidacough and this may explain some
of the differences in cohorts [199]. We demonsttatesignificant increase in cough as
measured by the VAS that improved and revertedaselne on treatment and on
recovery from the exacerbation respectively. Theson VAS for cough in our study
in stable state (2.95) is comparable to other phbll reports. In a study looking at the
improvement in symptoms after bronchopulmonary éygiphysical therapy in stable
state patients, there were significant improveméantsough symptoms (mean cough

VAS before 43.3 vs. after 27.5mm) [105].

The volume and colour of sputum increased signifipaat the onset of the

exacerbation and reverted to baseline after traatineDay 14. Chest discomfort and
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pain were less important to our patients. Howewvergcorded a significant increase in

these symptoms too.

We found no significant abnormalities when patiemtse clinically examined. Pulse
rate, body temperature, systolic and diastolic tlguessure remained unchanged

during the course of the exacerbation.

We acknowledge that the small number of patientfuded in our study is a
drawback. Also the patient cohort was clinicallgdésick’ and possibly had

milder disease.

The visual analogue score for various symptomseasribed and the Modified Borg's
score are both very effective tools in measuringngie and assessing outcomes in the
management of bronchiectasis. They could certdialysed as endpoints when future
therapeutic interventions are studied. Measuremeht blood pressure, body
temperature and oxygen saturations are unlikelyetof any benefit in future studies

directed at measuring efficacy of any interventionon cystic fibrosis bronchiectasis.

An exacerbation can be detected on patient hisbérgough, increased volume of
sputum, change in colour of sputum, chest pain disdomfort, breathlessness and
fatigue. For future longitudinal studies patientslld complete visual analogue scores

online without attending the out-patient clinic.
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Chapter 5

Quality of Life in stable bronchiectasis and duringan acute exacerbation from the
COBEX study

5.1 Background

Direct measurement of the impact of disease oremiati lives is necessary to assess
whether interventions are of benefit [100]. Heakttated quality of life (HR-Qol) is
impaired in stable state bronchiectasis and detgei® during an acute exacerbation
[83, 102]. Frequent exacerbations cause a viciguke of bronchial wall destruction
and further bacterial colonisation [6]. HR-QOL isedevant and quantifiable outcome
of care and is an important marker for evaluatimgstang and new therapies in

bronchiectasis.

Most aspects of bronchiectasis impact on the quafilife. Appropriate management
of symptoms on identifying the underlying aetiologgs a positive impact on the
quality of life in these patients. Daily sputum g@uation, chronic cough, upper airway
symptoms and abnormal tiredness are all assoawgtaca reduction in health-related
quality of life (HR-Qol) in bronchiectasis [46, 6202, 104, 105]. Some studies
suggest that the number of exacerbations in theedieg year is an important
contributor to HR-QoL [46, 53]. Appropriate treatmiewith antibiotics improves

inflammation and thus cough, wheeze and sputurmvellA significant improvement

in HR-QoL between onset of exacerbation and corngpietf treatment has been

previously reported [83].
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5.2 Measuring Health-related quality of life in branchiectasis

Instruments used for the assessment of HR-QolLadndfiectasis.

Various instruments have been used in assessmerntheofquality of life in

bronchiectasis. The St. George Respiratory Quewsion (SGRQ) has been used in
more than eight studies of stable state bronchiectfl02, 183, 200-205]. Other
instruments include the SF-36 [102], The Chronispi@atory disease questionnaire

[83] and nonspecific patient reported quality & ineasures [206].

5.2.1 St George’s Respiratory Questionnaire

The original St. George Respiratory Questionndd@RQ) was developed in 1990 by
Jones et al to quantify the impact of disease enhgalth and well-being of patients
with COPD [207]. Since then, the SGRQ has beerslased into many languages and
has been validated for use in different ethnic gsouro date, several adaptation and
validation studies have been published in Englisth @on-English populations. These
studies have performed on Swedish, Spanish, Japanad American-English and
Chinese speaking populations, who have independeatidated the reliability and
sensitivity of the translated versions. While otlmrality-of-life instruments are
available, the SGRQ is the only validated instrunierthe assessment of patients with

bronchiectasis [207-210]

The SGRQ is a self-administrated health-related @elasure containing 50 items and
76 weighted responses divided into three componeysiptoms, activity, and

impacts. The subscales include symptoms (8 iteawtlyity (16 items) and impacts
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(26 items).The symptoms subscale refers to theuénecy and severity of cough,
wheezing, expectoration, or exacerbation. The igtaubscale in turn refers to the
limitations in patient activity due to dyspnoeadanvolves 16 dichotomous response
items. The impact subscale summarizes the altesatim the psychological,
occupational, and social spheres, based on theénwalgich the patient perceives his or
her disease. It consists of 26 items addressed ibht equestions. The total
questionnaire score and score corresponding to eécthe three subscales are
calculated as a function of the item scores, based range from 0 to 100 points. A
higher SGRQ score, either the total score or indiai component score, represents a
poorer quality of life [207-209]. A 4 unit differea in the total SGRQ score has been
established as a clinically significant score [20B]e questionnaire has been designed
for self-administration in 10 min. The recall petiof the SGRQ symptoms component
needs to be shortened to make more appropriatethioruse during an acute

exacerbation [211].

5.2.2 Euroqol

The Euroqgol 5 dimension (EQ-5D) is a generic inseat for the measurement of
HR-QoL. The EQ-5D includes single item measures of: mghilgelf-care, usual

activities, pain/discomfort, and anxiety/depressiBach item is coded using 3-levels
(1 = no problems; 2 = some problems; 3 = severbl@ns). The instrument includes a
global rating of current health using a visual agak scale [142] ranging from O

(worst imaginable) to 100 (best imaginable).
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EQ-5D is designed for self-completion by subjectthiw a study. It is cognitively
simple, taking only a few minutes to complete. fustions to subjects are included in

the questionnaire.

5.2.3 Assessment of HR-QoL during acute exacenb&iio bronchiectasis.

Only two studies have so far assessed the qudliffecduring an acute exacerbation
of bronchiectasis [80, 83]. Murray et al used th8R®, which is validated in
bronchiectasis. The questionnaire was adaptechéoend of exacerbation assessment
to ask about symptoms in the preceding week. lghispective cohort study patients
were asked to complete the SGRQ at the start oéxaterbation and one week
following antibiotic treatment completion. There sva significant improvement in all
individual domain scores of the SGRQ following cdetipn of antibiotics. Eighty-
nine per cent of patients showed an improvememafe than 4 units in all domains

[80].

Courtney et al have used the chronic respirat@gatie questionnaire (CRDQ) in their
study of acute bronchiectatic exacerbations. Is fhibspective cohort study patients
completed the questionnaire at the onset of aneelation, on completion of
antibiotics at day 14 and four weeks after the detign of antibiotics. A significant
improvement was noted in three of the four domgigspnoea, emotional and
mastery) of the CRDQ. All the improvement was sbgrDay 14 and there was no

further change in 4 weeks [83].
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53 Aims

The aim of this study was to define the change Rr®OL during the course of an
acute exacerbation of bronchiectasis. Describisigaificant change will help in using

HR-QOL as an endpoint to study therapeutic inteiges.

5.4 Methods

In this study two questionnaires have been to askésQoL - The SGRQ and the
Euroqol.

The SGRQ was completed by all patients at Day Gelb®e, in stable state), at
Day 1(onset of acute exacerbation and prior to cemumament of antibiotics) and

Day 42 (on recovery from acute exacerbation).

The Euroqol was completed by all patients at Dap#seline, in stable state), Day
1(onset of acute exacerbation and prior to comnraane of antibiotics), Day 14 (on

completion of antibiotics) and Day 42 (on recoviegm acute exacerbation).

The schedule of questionnaires employed in theystadlisted in table 5.1. The
guestionnaires themselves are appended for infmmatSt Georges respiratory
guestionnaire employed in this study can be fountthé Appendix 2 and the EuroQol

guestionnaire employed in this study can be foarttié Appendix 3.
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Table 5.1: Schedule of the two HR-QoL questioregmiemployed in the COBEX
study. The columns (Day 0, Day 1, Day 14 and Dgyiddicate the visit in stable state

and during an exacerbation of bronchiectasis.

Day ( Day 1 Day 1< Day 4:
Eurogol v \ \ \
St George \/ V \
Respiratory
Questionnaire

55 Statistics

Data analysis was performed using statistical soBWSPSS version 14). Analysis of
variance was used to compare the questionnairesbetween the four groups and the
Fisher test for pair wise comparisons. A 4 poirdarade in the SGRQ was considered a
clinically significant improvement. Values are espsed as MeantSD. Differences

were considered significant at p-values less th@s.0

5.6 Results
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5.6.1 St Georges Respiratory Questionnaire

Stable state bronchiectasis

Quality of life scores in the 3 domains and totadre at baseline (in stable state) are
listed in Table 5.2. The mean score was highet@ gsymptoms domain and was
65.04. The activities score was less affected atlst state (49.66) than symptoms

followed by the impacts score (30.19).

Table 5.2: Mean, minimum and maximum score in tlifeerént domains of the

St Georges Respiratory Questionnaire during statolechiectasis in the study cohort

Minimum Maximum Mean Std. Deviation
Symptoms score 31.47 95.49 65.04 16.40
Activities score 41.00 93.86 49.66 25.10
Impact score 23.93 57.13 30.19 14.80
Total score 12.90 72.01 42.62 16.34
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Acute exacerbation of bronchiectasis

Thirteen patients completed a questionnaire atlibaseDay 1 and Day 42. In the
symptom domain, there was no significant changeinduthe course of the
exacerbation, p= 0.269. There was no significatagrd@ation between stable state and
onset of the exacerbation, p= 0.160. Table 5.8 tls mean [SD] values of symptom
sub-scores at baseline (Day 0), onset of exacerbatiDay 1 and completion of
exacerbation - Day 42. Figure 5.1 is a box plgticterg median values of symptom
scores at baseline, Day 1 or onset of exacerbatiwhDay 42 on completion of the

exacerbation.

Table 5.3: Mean (SD) symptom sub-scores on theeBt@es respiratory questionnaire

during an acute exacerbation of bronchiectasis

Mean score Standard deviation N

Day 0

Baseline, Stable state 66.57 13.30 13

Day 1
Onset of exacerbatior
Prior to 59.38 21.80 13
commencement of
antibiotics

Day 42
On recovery from 60.70 18.50 13
acute exacerbation

105



1007 e

B0

Symptom score on the SGRQ

209

I I I
Baseline Day 1 Day 42

Figure 5.1: Median and SEM values of the symptoin-store on the St George's
Respiratory Questionnaire at baseline (stable)staset of (Day 1) and 4 weeks later
(Day 42), in patients with an acute exacerbatiobrohchiectasis. The x-axis lists the
time point during the exacerbation and the y-axithe symptom score on the SGRQ.
No significant difference was detected betweenlstatate and onset of exacerbation

p=0.160, or over the course of the exacerbatior0269.
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In the Activities domain, although there was anréase in the score between baseline
and onset of exacerbation suggesting deterioratiowever this was not statistically
significant, p=0.122. The change during the courfethe exacerbation was not
statistically significant either, p=0.296. Tabled4 HSists the mean [SD] values of
activities score at baseline (Day 0), onset of eraation - Day 1 and completion of
exacerbation - Day 42. Figure 5.2 is a box plgiicteng median values of activities
sub-score at baseline, Day 1 or onset of exacerbatid Day 42 on completion of the

exacerbation.

Table 5.4: Mean activity sub-scores on the St G&Eengespiratory questionnaire

during an acute exacerbation ohbhiectasis

Mean Std. Deviation N

Day ( 57.17 17.35 8

Baseline, Stable
state

Day 1 59.15 25.79 8

Onset of
exacerbation

Prior to
commencement 0
antibiotics

Day 4: 50.84 21.61 8

On recovery from
acute exacerbatio
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Figure 5.2: Box plot depicting median and SEM ealwf the activities sub-score on
the St George’s Respiratory Questionnaire at base(stable state), onset of
exacerbation-Day 1, and 4 weeks later -Day 42 aiirepts with an acute exacerbation
of bronchiectasis. The x-axis lists the time painting the exacerbation and the y-axis
is the activities score on the SGRQ. No significdifference was detected between

stable state and onset of exacerbation p = 0.X2%/ar the course of the exacerbation,

p=0.296.

108




In the Impacts domain, again deterioration in stamas noted at the onset of an
exacerbation. However this was not statisticallyngicant p=0.983. There was no
significant change during the course of the exat@b either, p=0.160. However
there was a significant improvement in scores betwenset of exacerbation ie Day 1
and recovery from exacerbation — Day 42, p=0.04&bld 5.5 lists the mean [SD]
values of the impact scores at baseline (Day 3etonf exacerbation - Day 1 and
completion of exacerbation - Day 42. Figure 5.8 30X plot depicting median values
of the impact sub-scores at baseline, Day 1 ortavfsexacerbation and Day 42 on

completion of the exacerbation.
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Table 5.5: Mean (SD) impacts score on the St Gé&orgepiratory questionnaire

during an acute exacerbation of bronchiectasis.

Mean Std. Deviation

Day 0

Baseline, Stable 23.23 15.67
state

Day 1

Onset of

exacerbation
36.86 17.22

Prior to
commencement o
antibiotics

Day 42

On recovery from 23.12 17.39
acute exacerbatio
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Figure 5.3: Box plot depicting the median and SEdlues of the impacts sub-score on
the St George's Respiratory Questionnaire at beséfitable state), onset of (Day 1)
and 4 weeks later (Day 42), in patients with ante@xacerbation of bronchiectasis.
The x-axis lists the time point during the exactdmand the y-axis is the impacts
score on the SGRQ. No significant difference wateaed between stable state and

onset of exacerbation p = 0.983, or over the @afthe exacerbation, p=0.160.
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Only three patients completed the questionnairedl geriods appropriately to be able
to analyse data for total scores. There was ndfisignt change in the total scores
during the course of the exacerbation. p=0.769Ierab lists the mean [SD] values of
the total scores at baseline (Day 0), onset of exkation - Day 1 and completion of
exacerbation - Day 42. Figure 5.4 is a box plgiicierg median [95%CI] values of
the total scores at baseline, Day 1 or onset aferkation and Day 42 on completion

of the exacerbation.

Table 5.6: Mean (SD) total scores on the St Geengspiratory questionnaire during

an acute exacerbation of bronchiectasis

Mean Std. Deviation

Day 0

35.89 8.2
Baseline, Stable state

Day 1
Onset of exacerbation
35.72 16.8

Prior to commencemer|
of antibiotics

Day 42

On recovery from acut 31.80 12.9
exacerbation
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Figure 5.4: Box plot depicting median and SEM valeé the total scores on the St
George’s Respiratory Questionnaire at baselindléststate), onset of (Day 1) and 4
weeks later (Day 42), in patients with an acutecexaation of bronchiectasis. The x-
axis lists the time point during the exacerbatiod the y-axis is the total score on the

SGRQ. No significant difference was detected ower ¢ourse of the exacerbation,

p = 0.769.
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5.6.2 Euroqol

There was a significant change in the quality & ks measured by the Euroqol
guestionnaire over the course of an exacerbatw).000). There was a significant
decrease in the quality of life as measured by Eheoqol questionnaire between
baseline (stable state) and the onset of an exatt@ibDay 1- p=0.003. However this
change was reversed by Day 14 at the end of treditmigh antibiotics. p=0.800.
There was no difference in the quality of life beem Day O (baseline) and Day 42
(recovery from exacerbation), p=0.797. Table %%lthe mean (SD) Euroqol scores at
baseline (Day 0), Day 1-onset of exacerbation, D4ycompletion of treatment and
Day 42-recovery from exacerbation. Figure 5.5 lima plot depicting median and IQR

for Euroqol scores at baseline, Day 1, Day 14 aad 42.
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Table 5.7: Euroqol score in stable state and dwaingcute exacerbation of

non-CF bronchiectasis

Mean score Standard deviati(

N

p value

Day O

Baseline, Stable state 0.84 0.16

Day 1
Onset of
exacerbation
Prior to
commencement of
antibiotics

0.67 0.27

Day 14
On completion of 0.86 0.18
antibiotics

Day 42
On recovery from 0.80 0.21
acute exacerbation

p= 0.000
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Figure 5.5: Median and SEM values of the total econ the Euroqol at baseline
(stable state), onset of exacerbation (Day 1)hatend of treatment (Day 14), and 4
weeks after the onset of an acute exacerbation (Ba)y in patients with

bronchiectasis. The x-axis lists the time pointinlyithe exacerbation and the y-axis is
the median score on the Euroqol questionnaire.eBroutliers are depicted by an
asterix. The numbers accompanying these are padientification numbers from the

study. There was a significant change in qualitylifef as assessed by the Euroqol

guestionnaire over the course of an exacerbatic®000.
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Quality of life at baseline as measured by Eurogplbaseline (stable state) was
significantly correlated to the number of exacedret the patients has suffered in the
preceding 1 year, (r= -0.27, p= 0.04). Figure 56ai scatter plot showing the
significant relationship between Euroqol scoresbaseline and the number of

exacerbations suffered by the patient in the priegegkar.
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Figure 5.6: Scatter plot of relationship betweemogol score at baseline and number
of exacerbations suffered by a patient in the mhegeyear. The variables on the x-axis
are the number of exacerbations suffered by thiemgatvhile the variables on the y-
axis are the EuroQol score for the same patientisee outliers are depicted by an
asterix. The numbers accompanying these are padientification numbers from the

study. This was a statistically significant redaship. (r=-0.27, p= 0.04)
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In stable state bronchiectasis, the quality of #ifemeasured by the Euroqol was not
significantly related to the total dose of inhaledrticosteroids being used by the
patients(r= -0.025, p=0.85) Figure 5.7 is a scafit showing the relationship
between Eurogol scores at baseline and the totgldizse of inhaled corticosteroid for

patients with bronchiectasis in stable state.
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Figure 5.7: Scatter plot of relationship betweemdgol score at baseline and the total
daily dose of inhaled corticosteroid used by aguatiThe variable on the x-axis is the
total daily dose of inhaled corticosteroid usedts patient while the variables on the
y-axis are the EuroQol score for the same patiéntseme outliers are depicted by an
asterix. The numbers accompanying these are padientification numbers from the

study. This was not a statistically significantat@nship, (r=-0.025, p=0.85).
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57 Discussion

The aim of this study was to assess HR — QoL iireptst experiencing an exacerbation
of bronchiectasis with a view to defining end psintor future therapeutic

interventions. We employed two frequently used tjoeeaires that have been
validated in bronchiectasis- St Georges Respiratprystionnaire and the EuroqoL
guestionnaire. Patients were studied in stable gtadr to the onset of an exacerbation

S0 as establish a baseline to later compare paeesneith.

Quality of life scores was assessed in 3 domaigmpEoms, Activity and Impact) by
the SGRQ. In 2 of these 3 domains (symptoms anditgftwe failed to show a
significant change based on the SGRQ scores aldnis. was not in keeping with
findings in another arm of our study. In particudgmptoms as assessed by the Visual
analogue scale suggested an initial deterioratidgheaonset of exacerbation followed
by very significant improvement. There was a sigaift improvement in the impact

scores on treatment with antibiotics.

The mean scores on the SGRQ were in our study (ne?): symptoms score 66+13,
activity score 57 + 17; impact score 23 + 15 anthltecore 35 + 8. These are
comparable to other groups of patients who havae baglied in stable where the mean
scores on the SGRQ were: symptoms score 45.4 4 a6t®ity score 53.5 + 23.5,

impact score 39.7 + 19.9 and lower than other tsptmtal score 45.5 + 17.6 and

Symptoms:47+17, Activity:41+17, Impact:55+19 [44,01 205].
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Local and systemic inflammation improves on treatineith antibiotics but this may
not be reflected in HR-QoL parameters as measwedtebchronic respiratory disease
guestionnaire (CRDQ) [83]. Local inflammation maye bnodified by inhaled
corticosteroid. In a randomised study looking & lenefit of inhaled corticosteroid,
there were no differences among three treatmentpgr@as regards the total SGRQ
score or scores of the three scales. When patigrts administered 100mcg of inhaled
corticosteroid, a clinically significant improvente@ points) in total SGRQ score
from baseline was noted. 3 months of treatments Timprovement persisted at 6
months [112]. However we were unable to demonstlatecorrelation between QoL
and the dose of inhaled corticosteroid. Compariregquality life score in groups of
patients according to colonization, patients caedibyPseudomonabave a poorer
quality of life on all scores of the SGRQ. Patiggroups colonized by other
microorganisms also have poor quality of life wleampared to those not colonized

[109].

The SGRQ in our hands did not prove to be an useflito measure change during an
exacerbation of bronchiectasis. The small humbepaifents and the even smaller
number of valid SGRQ questionnaires may contriliat¢his. This is in contrast to
other similar studies who have demonstrated a 8@fifisant improvement in the
domains of SGRQ during an exacerbation of bronth#s The nature of our study
was such that it involved repeated out-patientsiclvisits. We found a bias in our
cohort as patients who volunteered, felt they wdaddable to attend these visits and

may have had milder disease.
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The Euroqol on the other hand was found to be wegful. We demonstrated a
significant change during the course of an exatiemnaThe mean score on the
Euroqgol as measured in our study at baseline waxt @ther studies report a slightly
lower value of 0.70 in stable state bronchiectd2&2]. This difference may be
explained by a difference in the cohort. Howevernlimber of patients in both studies

is small (less than 20) and results should be \dewiéh caution [183].

Dyspnoea, FEV1 and daily sputum production arentl@ variable that best explain
HR-QoL [210]. As other workers before us, we fouhat the number of exacerbations
in the preceding year was significantly correlai@the HR-QoL and propose that it is
a further determinant. Interventions aimed at radythese exacerbations will almost

certainly improve HR-QoL [213].

Health-related quality of life is a potentially imgiant marker for evaluating existing
and new therapies in bronchiectasis. We were ablietonstrate a significant change
in the quality of life as measured by the Eurogaégtionnaire during the course of an
acute exacerbation of bronchiectasis. Quality f&f #is measured by the SGRQ has
proven useful in studies measuring chronic symptbuoisthis questionnaire did not

pick up change from baseline in our hands.

The Euroqol is a valid end point that could be ugethe assessment of therapeutic

interventions for acute changes in bronchiectasibe future.
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Chapter 6

Lung Function Tests

Spirometry and Impulse Oscillometry in bronchiectass in the COBEX
study.

6.1 Introduction

Spirometry has been considered the mainstay ofsas®mt in bronchiectasis. It is
assumed that because an exacerbation represemgseaof airways disease, that

spirometry will change at that stage.

Lung function has been well studied in patientshv@ystic Fibrosis. Measurement of
lung function in these patients is known to refleoth acute and chronic changes [90].
The Forced expiratory volume in one second (FEVAS heen used as a surrogate
marker for mortality in Cystic Fibrosis. An acuteange in FEY caused by mucous
plugging has been clearly demonstrated in exadertsabf CF and provides a short
term endpoint [116]. The lung function declines more than 1% per year in these
patients [117]. Chronic colonization witsseudomonas aeruginogathought to be an
independent factor associated with an acceleraeting of lung function [115]. After
antibiotic treatment for an exacerbation, patiénfected with Pseudomonas do not
show any improvement in FEV1 or FVC, while patientdected with other
microorganisms show a significant improvement ithkdadices [80]. In cystic fibrosis

it is recognised that patients with chronic infentivith Pseudomonas aeruginokave

reduced survival and a more rapid decline in lwncfion than patients with chronic
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infection with Staphylococcus aureyZ7]. The evidence in non CF bronchiectasis is
limited and conflicting. It is possible that Psemdmas aeruginosa in non-CF
bronchiectasis can cause accelerated decline gnflurction but this can be modified
by the use of nebulised antibiotic therapy [4]. derent severe exacerbations and
systemic inflammation are also thought to be indédpat factors associated with an

accelerated decline of lung function [115].

Our clinical experience suggested that FEYd FVC did not change despite changes
in symptoms. We hypothesised that simple spirometsyld not change during the
course of an exacerbation. We also sought to iigast IOS — as a tool for

longitudinal follow up of bronchiectasis patients.

6.2 Impulse Oscillometry (Forced oscillation techmjue)

Conventional methods of lung function testing pdevimeasurements obtained during
specific respiratory actions of the subject. In tcast, the Impulse Oscillometry
technigue (IOS) determines breathing mechanics Uperamposing small external
pressure signals on the spontaneous breathing authject. 10S utilises the externally
applied pressure signals and their resultant fldasdetermine lung mechanical
parameters. These external forcing signals, maymdi@o- or multi-frequency, and are

applied either continuously or in a time-discret@nmer [214] .

These pressure—flow relationships are differenth® natural pattern of individual
respiratory flows, so that measured 10S resultsiadependent of the underlying
respiratory pattern. Therefore, Oscillometry mirses demands on the patient and
requires only passive cooperation of the subject.

123



The impulse oscillation technique allows measurdmémip to 10 impedance spectra
per second. This allows a useful analysis of ibneath variation in impedance,
comparable to that obtained with mono-frequency liegions. However, a
disadvantage of such high impulse rates is theilihabo record longer respiratory
time constants that may be more informative in iragpry abnormalities. Therefore
the common application of impulse oscillation st recordings of 5 impedance

spectra (5 impulses) per second [214].

The resistive component of respiratory impedanas, Rcludes proximal and distal
airways (central and peripheral), lung tissue ahdst wall resistance. Normally,
central resistance dominates, depending on airafityre and the surface of the airway
walls, while lung tissue and chest wall resistaame usually negligible. Rrs may be
considered within normal limits if Rrs at 5 Hz (Bys$s within 1.64 standard deviation
of the predicted value. Rrs 5 values between 1rt2aSD above predicted may be
considered minor, 2+ SD moderate and 4+ SD aboedigied severe obstruction

[215].

The reactive component of respiratory impedancs, iXcorporates the mass inertive
forces of the moving air column in the conductirigvays, expressed in the term
inertance (I) and the elastic properties of lungigbery, expressed in the term
capacitance (Ca). Respiratory Ca is not identzalompliance. The component of Xrs
associated with Ca is defined to be negative im.slgis most prominent at low
frequencies. In contrast, the component of Xrs @ased with inertance is always
positive in sign and dominates at higher frequenciéhus, interpretation of Xrs is

primarily influenced by the oscillation frequen@nge under consideration.
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Low frequency capacitive Xrs essentially expredhesability of the respiratory tract
to store capacitive energy, mostly in the lung gieery. Xrs5 characterises the lung
periphery, but is nonspecific as to the type ofitétion. Additional information is

needed to differentiate peripheral obstruction figemipheral restriction [214].

The most obvious relationship with other pulmonanyction tests concerns the use of
spirometry. Spirometry measures maximal forced irakpy efforts, while 10S
measures quiet breathing. In bronchiectasis, IGbabeen compared to spirometric

technigues as yet.

IOS has been used to monitor response to inteor@tiOS has been reported to show
greater sensitivity to inhaled corticosteroid ob&ia-agonist inhalation in asthma than
spirometry. Both inhaled corticosteroids and befarists improve small airways
function, and IOS responses manifest prominent gésrin indices of peripheral
airway obstruction. In contrast, spirometric sewijt to small airways function is less
prominent. Accordingly, it is expected that |IOS htigorovide useful indices of

peripheral airway change in response to therapaudécoventions [129, 130].

In patients with chronic obstructive airways dige#SS is able to detect significant
change after bronchodilator therapy and FEY less sensitive [131] . Also I0S
measurements, especially indices of peripheral aginfunction, are significantly

correlated with health status and dyspnoea in migtiwith COPD. I0S indices R5-R20
and X5 are also significantly correlated with theG&orges respiratory questionnaire
and the MRC scale. Therefore, in addition to itegicity and non-invasiveness, 10S

may be a useful clinical tool not only for detegtipulmonary functional impairment,
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but also to some extent at least estimating thiengat quality of daily life and well-
being [132]. Similarly in cystic fibrosis airwaysistances can be adequately estimated

by forced impulse Oscillometry [216].

IOS remains under investigated in non CF bronchgst

6.3 Aims

1. To measure variability in spirometric indices dgrihe course of an acute
exacerbation of bronchiectasis.

The Functional indices measured are as follows

» Forced expiratory volume in the first second- al§REV1)

» Forced expiratory volume in the first second pertage predicted (FEW6
predicted)

» Forced Vital Capacity-actual (FVC)

» Forced Vital Capacity %predicted (FVC % predicted)

2. To determine the sensitivity of Impulse OscillompgiR5, X5) in patients with

stable bronchiectasis by comparing it to standpitmetric manoeuvres.
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6.4 Methods

6.4.1 Spirometry

Dynamic lung volumes were assessed at all visiggic3ung volumes were performed
at Baseline visit only. Total lung capacity anddaal volume were measured by
helium dilution technique. All manoeuvres were parfed after the exhaled breath

condensate was collected. All measurements weferperd to ARTP/BTS guidelines.

FEV: and FVC were expressed as absolute values aret asmt predicted values for
the patient’s age, sex, and height using Europesnniunity of Steel and Coal
references values. A maximum of three manoeuvres performed to obtain a

coefficient of variation of < 5% in FEMelative to the best manoeuvre.

6.4.210S

Impulse Oscillometry was performed at Baselinet\asly.

IOS measures airway resistance by sending a phégeed sound wave produced by a
loudspeaker to the patient’s lungs and listenimgHe reflection of that wave. The
overall impedance of the pulse is due to the tigsisind viscoelastic forces of the
respiratory system. This is reported as R5, R2p(ratory resistance at 5 and 20Hz,
respectively) and X5 (reactance at 5 Hz). The patinthich reactance is zero is known

as the resonant frequency (RF) and is measuredriz.H

Subjects were connected to the IOS machine viawthp@ce with tongue depressor
and instructed to breathe quietly at FRC. All measwents were performed using a
nose peg with the patient sitting in an uprightifhms and head in a neutral position.

Three to five tests were performed each 60 sedordagth. Data with glottis closure,

127



swallowing or irregular breathing was discarded #nedremaining clean data

analysed.

IOS indices

Resistance was measured at an impulse frequeriyofR5). R5 reflects total

respiratory resistance i.e. resistance attributabboth central and peripheral airways.

Reactance was measured at an impulse frequendyz¢k5). Since inertance is
negligible at lower frequencies X5 is used to mease elastic properties of the

peripheral respiratory system. Reactance comprésegive elastance and inertance.

6.4.3 Equipment used

The Jaeger Masterscreen PFT and body have beemouseasure FEV FVC, and

Residual volume and total lung capacity (RV/TLC).

The Jaeger Impulse Oscillometry System (I0S) haenlused to measure R5 and X5.

6.4.4 Statistical Analysis

All data were tabulated as the mean and SD fortitatine variables, and as absolute
values and per centages for qualitative variafiles.normality of all variables was
verified. In the absence of a normal distributioanparametric tests were used. Global

test ANNOVA has been used to measure change awerand paired t-test to make
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within group comparisons. Any comparison with ague < 0.05 was considered to be

statistically significant.

6.5 Results

6.5.1 FEW (Forced expiratory volume in first second)

Patients, who had an infective exacerbations, H&d ;actual measured at each visit
during the study. The mean (£ SD) values for FEBYthese time points are listed in

Table 6.1.

Table 6.1: Mean (SD) FEVat different time points during an exacerbation of
bronchiectasis.

FEV1 Number of patient Mean (L) Standard Deviation
Baseline 22 1.91 0.62
Dayl 20 1.95 0.62
Day7 22 1.93 0.83
Dayl4 22 1.97 0.73
Day42 18 2.00 0.67

There was no significant change in FEVnheasuredver the time course of an
exacerbation, n=17, p=0.996. Figure 6.1 is anwalgrlot demonstrating change in the

mean FEY during the course of an exacerbation.
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Twenty patients had FEVmeasured at baseline and Day 1 {mean (x SD) .81L)v
1.95(0.61)}.There was no change in Fk\between stable state and onset of an
exacerbation (baseline Day 1) p= 0.917. There was no difference betweeX +in

stable state and on recovery from the exacerbgtier,8, baseling Day 42) p=0.466.

2.4

2.2+ -
2.1+

2.0+ ©

FEV1 (L)

1.9 ©

1.8

1.7

1.6+

1.5+

Baseline Dayl Day7 Day14 Day42

Figure 6.1: Interval Plot of Mean (95% confidenneeival) FEV1 at baseline (stable
state), onset of exacerbation (Day 1) and 4 weatles [Day 42), in patients with an
acute exacerbation of bronchiectasis. The x-agis the time points during the course
of an exacerbation. The y axis is the kEMIue in litres. No significant difference was
detected between stable state and onset of exsioerbar at different time points

during an exacerbation of bronchiectasis. p=0.996
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6.5.2 FEV % predicted.

Patients, who had infective exacerbations, had F#®Vpredicted measured at each
visit. The mean (x SD) values for FE% predicted at these time points are listed in

Table 6.2.

Table 6.2: Mean (SD) FE% predicted at different time points during an exhation
of bronchiectasis.

FEV1 Number of patient
%predicted Mean Standard Deviation
Baseline 22 80.32 28.3
Dayl 20 84.00 26.7
Day7 21 80.14 31.3
Dayl4 21 82.14 30.6
Day42 18 83.89 27.6

There was no significant change in FE% predicted measured over the time course
of an exacerbation, n=15, p=0.988. Figure 6.2 i;mtarval plot demonstrating change

in the mean FEY% predicted during the course of an exacerbation.

Twenty patients had FEV % predicted measured at baseline and Day 1 [if#e8D)
83.4(27.3)v 84(26.7)].There was no change in FEX% predicted between stable state
and onset of an exacerbation (baseknBay 1) p= 0.853. There was no difference
between FEV.% predicted between stable state and after the letiop of an

exacerbation (n=18, baselineDay 42) p=0.293.

131



100

95+ —_

90+

85+

FEV1 % predicted

75

65

Baseline Dayl Day7 Day14 Day42

Figure 6.2: Interval Plot of Mean (95% confidencgeival) FEV 1% predicted at
baseline (stable state), onset of exacerbation (Daand 4 weeks later (Day 42), in
patients with an acute exacerbation of bronchietdhe x-axis lists the time points
during the course of an exacerbation. The y axtheésFEM % predicted value. No
significant difference was detected between ststalte and onset of exacerbation or at

different time points during an exacerbation ofrtmuectasis. p=0.988.
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6.5.3 FVC Actual

Patients, who had infective exacerbations, had F\&asured at each visit. The mean

(x SD) values for FVC at these time points aretish Table 6.3.

Table 6.3: Mean (SD) FVC at different time pointaridg an exacerbation of
bronchiectasis.

FVC actue

Number of o

) Mean (L) Standard Deviation

patients
Baseline 22 3.07 0.69
Dayl 19 2.86 0.77
Day7 22 2.81 0.77
Dayl4 21 2.96 0.70
Day42 17 3.05 0.76

There was no significant change in FVC actual messover the time course of an
exacerbation, n=14, p=0.749. Figure 6.3 is anwalgrlot demonstrating change in the

mean actual FVC values during the course of anexkation.

Nineteen patients had FVC measured at baselineayd 1 [217].There was a
significant fall in the measured FVC actual (L) weeén stable state and onset of an
exacerbation (baseline Day 1) p= 0.032. This fall in FVC recovered to dlawe
values only on completion of treatment with antilsi® (Day 14) n=19, p=0.200. There
was no difference in the FVC actual measured iblststate and on recovery from an

exacerbation (BaselineDay 42) n=17, p=0.116.
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Figure 6.3: Interval Plot of Mean (95% confidenogeival) FVC actual at baseline

(stable state), onset of exacerbation (Day 1) aneedks later (Day 42), in patients

with an acute exacerbation of bronchiectasis. Fhgix lists the time points during the

course of an exacerbation. The y axis is the FMQahwalue in litres. No significant

difference was detected between stable state aswt ofi exacerbation or at different

time points during an exacerbation of bronchiestgs+0.749.
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6.5.4 FVC % predicted

In sixty three patients, at baseline, the FVC %ljgted was measured as Mean (+ SD)

98% (22).

Patients, who had infective exacerbations, had BP¥(redicted measured at each
visit. The mean (+ SD) values for FVC% predictedtetse time points are listed in
Table 6.4.

Table 6.4: Mean (SD) FVC% predicted at differemtetipoints during an exacerbation
of bronchiectasis.

% pFr\:j:icted Number of patient Mean Standard Deviation
Baseline 22 105.3 23.9
Dayl 19 103.1 251
Day7 21 99.1 29.0
Dayl4 20 100.9 22.9
Day42 17 104.6 25.9

There was no significant change in FVC % predictedsuredver the time course of
an exacerbation, n=17, p=0.933. Figure 6.4 is tnial plot demonstrating change in
the mean FVC % predicted values during the coufsanoexacerbation. Nineteen
patients had FVC% predicted measured at baselite Caay 1 - Mean (x SD)
[110(21.8)v 103(25.1)].There was no change in FVC % predibiettheen stable state
and onset of an exacerbation (basefinBay 1) p= 0.077. There was no difference
between FVC % predicted in stable state and ornvesgdrom an exacerbation (n=17,

baselinev Day 42) p=0.199.
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Figure 6.4: Interval Plot of Mean (95% confidence interval) F\ predicted at
baseline (stable state), onset of exacerbation (Dagnd 4 weeks later (Day 42), in
patients with an acute exacerbation of bronchiétdhe x-axis lists the time points
during the course of an exacerbation. The y axihésFVC % predicted value. No
significant difference was detected between ststalte and onset of exacerbation or at

different time points during an exacerbation ofrmuectasis, p=0.933.
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6.5.5 Spirometric indices and chronic colonisatiatih bacteria.

Chronic bacterial colonisation withlseudomonas aeruginosas seen in 17 patients.

Only three patients were colonised with other oigias Haemophilus influenzaand

Streptococcus pneumon]a&here was no difference in the absolute or %listed

values of spirometric indices between groups. Tél8dists the mean (SD) values for

all measured spirometric indices.

Table 6.5: Mean (SD) values of spirometric inditepatients chronically colonised

with bacteria.

Number of FEV1 FEV1 FVC FVC

atients Absolute | %predicted| Absolute | %predicted

P Mean (SD)| Mean (SD) | Mean (SD)| Mean (SD)
Colonised

With

Pseudomona 17 1.67 (0.63) 66 (22) 3.05 (0.24) 96 (21
aeruginosa
Colonised

With 3 1.86 (0.30) 82 (35) 3.43 (0.45) 116 (24
Other PPM

p values 0.446 0.532 0.508 0.315
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6.6 I0S

IOS indices were significantly correlated to spigtric indices. In stable state
bronchiectasis, fifty seven patients completedospétry and 52 patients had complete
data for 10S indices. Although the study plannech&asure IOS indices only in stable
state bronchiectasis, some measures of 10S indiees taken during an exacerbation
in 42 patients —number of patients- Day 1-n=12, Bay=10, Day 14-n=11 and Day

42-9.

Resistance

Resistance increases as kEMcreases (Figure 21). At lower FEXYalues, R5 shows
greater increase per unit decrease in FERésistance increases as k#\Vpredicted
decreases (Figure 22). R5 is influenced both bysthe of the lungs and the degree of
airways obstruction. Resistance is significantlyrelated (negatively) to FEMn both

stable state and during an exacerbation of brootzses (Table 6.5 & 6.6).

Reactance

Reactance increases in magnitude as FH&creases (Figure 23). At lower FEV
values, X5 shows greater increase in magnitudeupérdecrease in FEV Reactance
increases in magnitude as FEX predicted decreases (Figure 24), suggestinggiw
obstruction has a negative impact on lung elastaxgés influenced both by the size
of the lungs and the degree of airways obstructmactance is significantly correlated
(negatively) to FEYin both stable state and during an exacerbatidsraichiectasis

(Table 6.6 & 6.7).

138



Table 6.6: Pearson’s correlation between spirometnd 10S indices in stable state

bronchiectasis. **Correlation is significant at 0®1 level. *Correlation is significant

at the 0.05 level.

IOS paramete FEV1 FEV1 RV/TLC
%predicted

RS -0.550** -0.283* 0.333**

X5 -0.686** -0.542** 0.601**

Table 6.7: Pearson’s correlation between spiromedrid 10S indices during an

exacerbation of bronchiectasis. **Correlation ignéiicant at the 0.01 level.

*Correlation is significant at the 0.05 level.

IOS paramete FEV: FEV1
%predicted

RS -0.309° -0.06¢

X5 -0.629 ** -0.495*
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Figure 6.5 and 6.6 are scatter plots depicting digmificant relationship between
Resistance at 5Hz (R5) and FE¢tual [p=<0.001] and FEWA6 predicted [p=<0.05]

in stable-state bronchiectasis.

Figure 6.7 and 6.8 are scatter plot depicting tlgmificant relationship between
Reactance at 5Hz (X5) and FEV1 actual [p=<0.004] BEV:1 % predicted [p=<0.001]

in stable-state bronchiectasis.
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Figure 6.5: Scatter plot depicting significant tielaship between Resistance at 5Hz
(R5) and FEY actual in stable-state bronchiectasis. The varsable the x-axis are

FEV: actual values in litres and variables on the y-axésR5 actual values in kPA/sec.
There was a significant correlation between FE¢<tual and Resistance at 5Hz,

p=<0.001.
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Figure 6.6: Scatter plot depicting significant tiglaship between Resistance at 5Hz

(R5) and FEY %predicted in stable-state bronchiectasis. Thibkes on the x-axis

are FEM %predicted values and variables on the y-axis &adRual values in

kPA/sec. There was a significant correlation betweEV: % predicted and Resistance

at 5Hz, (p=<0.05).
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Figure 6.7: Scatter plot depicting significant tiglaship between Reactance at 5Hz

(X5) and FEV actual in stable-state bronchiectasis. The vaabh the x-axis are

FEV,actual values in litres and variables on the y-axésX5 actual values in

kPA/sec. There was a significant correlation betwieEV; actual values and

Reactance at 5Hz, p=<0.001.
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Figure 6.8: Scatter plot depicting significant tiglaship between Reactance at 5Hz
(X5) and FEV %predicted in stable-state bronchiectasis. Theabls on the x-axis
are FEM %predicted values and variables on the y-axis abeaktual values in
kPA/sec. There was a significant correlation betweEV: % predicted and Resistance
at 5Hz, Scatter plot depicting significant relaship between Reactance at 5Hz (R5)

and FEV %predicted, p=<0.001.
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Correlation of gas trapping

A linear relationship exists between R5 and RV/TLI®tal respiratory resistance
increases as the degree of gas trapping increase856, p=0.007. Figure 6.9

demonstrates this linear relationship between RERAWTLC.
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Figure 6.9: Scatter plot depicting the significknear relationship between Resistance
at 5Hz (R5) and gas trapping measured as RV/TLSdhle state bronchiectasis. The
x-axis variables are the actual values of RV/TLQ®jl&vthe y-axis variables are the

measures R5 values, r=0.356, p=0.007.
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6.7 Discussion

Our aim was to measure change in spirometric isdidaring exacerbation in
bronchiectasis with a view to identifying markehsitt may help in future therapeutic

trials.

In stable state bronchiectasis, the mean FHB\Wur cohort was 1.9 L [95% predicted].
This indicates a relatively healthier cohort. At thnset of an exacerbation, our cohort
had a mean FEVMoOf 1.9 L. Other groups have reported FEV1 act@@lies between
1.5 and 1.6 L for a similar cohort of patientsta pnset of an exacerbation [80, 83].
Similarly the FVC values at the onset of an exaatoh were higher than other studies
at 2.86 L. Other reports put this value at 2.3545PR [80, 83]. We have identified a
selection bias in our study. It was felt that satgeonly volunteered when they felt
they were able to make the many visits that theedgle involved. This may have

resulted in a group of patients with milder disease

Our aim was however to check for change in thesasored spirometric values. We
were unable to demonstrate any clear change oroweprent in the FEV1, FVC.
There is no evidence in bronchiectasis to sugesttteatment of acute exacerbations
modifies spirometric measures. Pre and post atitbigpirometry has been
convincingly investigated in two studies of aduditipnts with bronchiectasis. Both
studies had a similar cohort of patients to ushBmudies failed to show a statistically
significant change in these parameters [80, 83hdy be assumed that the bronchi in
children are possibly more elastic. But a similaegiatric study failed to demonstrate
any improvement in spirometry on treatment withldatics [218]. These results must
however be viewed with caution. As in our study thenber of patients in all these

other reports were limited to 18 [83], 32 [80] &8@I[218].
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Reversibility of FEM has been demonstrated in bronchiectasis. Up to @78atients
have been noted to a have significant (>20%) broditdtor induced reversibility in
FEV: and up to 60% patients can have an improvemethteif-EF 25-75 [217]. Peak
flow readings at the bedside can increase by 2% ah inhaled bronchodilator.
These patients who respond to bronchodilators dahaoidentified by clinical or
immunological features [219]. An obstructive defeccommon in bronchiectasis. A
reduced FEVFVC ratio of less than 70% documenting airway afition was found
in most (54%) patients in a cohort from Texas [Hje mean FEYFVC ratio in our

study was 59%. Other workers report this to vatyben 50% [220] and 60% [80].

Forced respiratory manoeuvres remain uncomfortfableur patients. Our aim was to
establish a relationship between spirometry andd®8at we could offer our patients
a less distressing procedure that would still helnvestigate airways. To this end we
were successful. In our cohort, 10S indices sigaiftly correlated to spirometric
indices (FEV and FVC). FEVY in particular shows a striking relationship. While

primarily studied stable disease, we included someasures from patients with
exacerbation. The relationship remained signific#d6 is a useful measurement in
patients with stable bronchiectasis. Further stwidlyneed to be done to validate its

use in acute exacerbations of bronchiectasis.

Bacterial colonisation is thought to affect the HEVPatients colonized by
Pseudomonasave lower values of FEVand FVC than patients not colonized.
Comparing patients colonized gseudomonasgainst a heterogeneous group of
patients colonized by other microorganisms alsalsfinthe group colonized with
Pseudomonahkas worse pulmonary function values [109]. The FBNMd FVC values

were lower in the group colonised witAseudomonas aerugingshowever this
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difference did not reach statistical significan€he number patients in our study were

too small for us to interpret this difference ataly.

Patients get breathless during an exacerbationooichiectasis; however these clinical
symptoms cannot be quantified with spirometric dedi Spirometry is unlikely to be a
useful measure as end point in future theraperititst IOS is strongly correlated to

spirometry but needs further investigation.
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Chapter 7

Exhaled breath condensate in bronchiectasis in theOBEX study.

7.1 Introduction

7.1.1 Exhaled breath condensate

“A stuck tuning slide is one of the hazards of fildes. The nasty organic compounds
in your breath condensate continue working on tle¢ata your slide is made from and

effective weld them together”. Unknown

Flautists have known for a long time that there “aesty” compounds in our breath
that work on metals. Exhaled breath in the gasgbase contains volatile substances

that we wished to investigate.

7.1.2 pH of exhaled breath condensate

Airway pH homeostasis is maintained by a balanceifférentbuffer systems and the
production and release of acids and basethe airways [142]. This airway pH
homeostatic process is not completely underst&@®C pH is determined by volatile
and non-volatile components [221-226]. In healtkhaded breatltondensate pH is
slightly alkaline [225].The pHof the airway has been reported to be in the rarfge

7-8 [225, 227, 228].
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Altering the pH of the airway environment is knowa affect airway function.
Nebulised citricor acetic acids are used to trigger bronchocotistnicandcough for
testing anti-tussive agents. Chlorine gabidsight to cause wheezing and coughing in
substantial part becaugkthe rapid formation of hydrochloric and hypoaioies acids

upon contact with the airway lining fluid [225, 326

Neutrophils are an important part of the naturaledees against acute bacterial
infections. In healthy state there is rapid clegriof airway neutrophils. In
bronchiectasis this inflammation persists and causdease of tissue damaging
neutrophil products such as neutrophil elastase myeloperoxidase. Reduced pH
values in EBC have been associated with neutraphilammation [229]. Carbon
dioxide (CO2) is the major volatile component of &Bn the aqueous environment
CO2 forms H and HCO3and profoundly affects the pH of dilute solutioAs. acidic

pH has been shown to have detrimental effect oraitveay defences. Reduction in
ciliary beat, enhancement of bacterial binding tecous, and reduction of bactericidal
effect of antibiotics are some of these effec&0]2Mild acidification (below pH 6.5)
increases mucous viscosity, converting it from folgel and may cause mucous
plugging [231, 232] An acidic environment has adéown to increase the adherence
of Streptococcus pneumonig@33]. Exposure to acidic solutions causes action
potential discharge in &fibres and C fibres of airway afferent nerves iinga pigs

both of which mediate the cough reflex [48].

It has also been suggested that mild airway acatifinmay be a subtle and innate
host defence mechanisane which takes advantage of the weak endogenadstac
defend the airway against airbopahogens. Airway acidosis may have antimicrobial
effects mediated through protonation reactionslinmg reactive nitrogen and oxygen
species. Nitrite acidification halseen proposed as a mammalian host defence
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mechanism [234]. Thebundant N@of the airway is present as bacteriotoxic HNID
relevant quantitiesnly when the pH is lowMycobacterium tuberculosigroduces a
gene product specifically protecting against traakceffectof HNO,[235]. Some of
the toxicity of HNQ occurs because @6 reactive decomposition to NO, which is

known to inhibit mycobacterigirowth [236] for females and males [225].

It is this diversity of EBC itself that has prevedtit from achieving clinical

applicability yet [142]. None dhe biomarkers in EBC has been validated suffigrent
for clinicaluse. Measurement of pH of EBC has been reportedsipiratory diseases
including asthma, chronic obstructive airway digeabronchiectasis and cystic

fibrosis. There are no markers of dilution eithet.y

Age of subject does not seem to affect exhaledtreandensate pH [225].here is
conflicting evidence with regards to smoking and gfHEBC. Some authors claim an
effect and others deny it [133, 225]. CollectidnEBBC can be affected by diurnal
variation [133]. Evaluatioof the reproducibility of EBC pH measurements freeven
consecutivenornings has revealed a mean coefficient of varatf 4.5% (fullintra
subject range 0.9 to 20%). The mean intraday aeffiof variation in the same

cohort has been reported as 3.5% (range 0.6 to p1392).

7.1.3 Collection of exhaled breath condensate

Most lung diseases involve chronic inflammatory rades and oxidative stress.
Peripheral blood markers are unlikely to be adexjaat the important mediator and
cellular responses occur locally in the airwaysahkteto measure this inflammation in
the past has always been invasive and not eagiyatable. Methods to assess this

airway inflammation has included the use of bromsclopy and induced sputum for

149



analysis. The use of induced sputum may be lesssime but involves inhalation of
hypertonic saline that may induce coughing and d¢fononstriction. The technique
itself cannot be repeated for 24 hours. A non-iiweatechnique that is easily repeated,
useful in children and possible in patients withiese disease who may be intubated
has led to the increase use of EBC to study inflation in the airways [224]. While it
is currently used as a research tool, further studould make it more useful as a home

device to study response to treatment and to moinif@rovement.

In healthy subjects, the pH of EB@mediately tested tends to be unstable. To enhance
the stabilityof the readings, de-aeration (gas standardisatith)a CQfree gas (such

as argon, nitrogen oxygen or another.@@®@egas) can beperformed. During de-
aeration, the pH graduallyses to a point when stable reading can be oltailre
healthysubjects, EBC pH after de-aeration has a mean pH.%fwitha range of
normal considered by the investigators to be 78-8ese values are obtained from
orally collected EBC sampldsrom intubated subjects without lung disease, tharm

pH of de-aerated samples is likewise 7.7 with no diffeeeffrom matchedral

collections [142].

The collection time in our study was 10 minutesisTthme period is recommended so
that a typical yield of 1-2 mL is obtained. Sulbgecisually tolerat¢his period of
sampling without fatigue. Direct comparison for fentels,shows no effect of changes

in collection time between 3-20 nmon EBC pH in healthy subjects [142, 237].
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7.1.4 Markers of inflammation in exhaled breathdmmsate and bronchiectasis

Condensate measurement reflects different marketsnzolecules derived from the
mouth (oral cavity and oropharynx), tracheobronicéyatem and alveoli. It is assumed
that the airway surface liquid becomes aerosolikethg turbulent airflow, so that the
contents of the condensate reflects the compositfothe airways surface liquid,

although large molecules may not aerosolize as agetimall soluble molecules [238].
A strong correlation exists between levels of C@& @2 in exhaled fluid and exhaled
breath suggesting that aerosol particles exhaledhuman breath reflect the

composition of bronchoalveolar extracellular linithgd [239].

There are also many potential chemo attractantkidimg Interleukin (IL)-8 and
leukotriene (LT) B4 in EBC. The final common pathywis oxidative stress which
results in airway damage. This can be quantifiethguseactive oxygen species
(Hydrogen peroxide) or Isoprostanes (IPs) [240]. sManflammatory markers
identified in EBC have been described in CF witimited data in non-CF
bronchiectasis. In the respiratory systemOi may be released both from
inflammatory and structural cells. These includetraphils, eosinophils, macrophages
and epithelial cells. EBC #. concentrations are elevated in bronchiectasis with

significant inverse correlation between lung fuoctand EBC KO- levels [146].

We hypothesised that the inflammatory burden irewsaduring an exacerbation and
this would lead to a fall in pH of EBC. This coubeé used to assess the onset of an
exacerbation and also outcome of treatment. Astebknique of EBC collection is
simple it could be modified for monitoring and uiethe home environment in

patients with bronchiectasis.
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7.2 Aims

We hypothesised that

a) Airways in non CF Bronchiectasis would be digdi
b) This may be worsened during an infective exastéon and
c) This could be used to confirm onset of an esmatéon and outcome on

treatment with antibiotic therapy.

We wished to investigate exhaled breath conden@&B&) pH as a biomarker of

infection and or inflammation in these patients

7.3 Methods

7.3.1 Subjects

Fifty eight adult patients with well characterisedn CF bronchiectasis [18] (34
women) of mean (SD) age 64(11.4) attending the LDefence centre at Papworth
Hospital Cambridge were recruited. An exacerbatias defined as a patient having at
least two of the following symptoms: increased dgugcreased volume of sputum,
increased dyspnoea or wheezing and at least otteedbllowing: fever>/= 38 or
malaise. Fourteen healthy volunteers (seven mem)eafn (SD) age 63(5.9) acted as

controls.
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7.3.2 Study protocol

All patients were initially seen when in stabletsténo infective exacerbation in the
preceding 4 weeks). Twenty two of these patientgewllowed through an

exacerbation as described in Chapter 2. EBC weayal obtained prior to spirometry.

Exhaled breath condensate collection was performasithg the RTubé" EBC
collection system (Respiratory Research, Inc, @ftadville,Virginia, USA). As per
the American Thoracic society/European RespiratoBociety task force
recommendations [142], subjects were asked totbegaidal volumes for a period of
ten minutes, wearing a nose clip. A typical yiefd. €2mls of condensate was obtained.
pH was measured immediately using a portable ptn{ptH boy, Camlab pocket pH
meter, UK). The aluminium sleeves were stored ifreezer (- 4 to -1°C). The
aluminium plunger never comes into contact with ER®C sample. The collected

condensate has been stored afe8The plunger was cleaned between patients.

Sputum appearance was recorded as described ineCi@aBpirometry was recorded

as described in Chapter 6

7.3.3 Statistical analysis

Data are expressed as mean + Standard deviatioh Gfiange over time was
measured using the global test ANNOVA. Comparisetwben groups was made
using the unpaired t test. Correlation between ggauas determined by nonparametric

Spearman correlation analysis. Significance wame@fas a value of p < 0.05.
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7.4 Results

7.4.1 Patient characteristics

Patient characteristics for our cohort, subjectdaed through an exacerbation and
the healthy volunteers are listed in Tables 7.1s Tas previously been described in

Chapter 3. It is included here for the ease ofresfee.

Table 7.1: Patient characteristics for the exhdleshth condensate analysis arm of
COBEX study.

Full cohort Exacerbator: Healthy volunteer
n=58 n=22 n=14

Mean age (+SD) 64years (11. | 63years (8.t 65years (5.¢

Sex (M:F) 24:3¢ 5:17 77

Smoking histor

Ex-smokers 26 11 9
Non-smoker 31 11 4

Current smoke 1 1

Mean FE\1(£SD) 1.9L(0.71 1.9L(0.61 2.3L(0.82
Mean FE\; % 75%(25 81%(28.2 100%(27.1

predicted (zSD)
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7.4.2 Stable state bronchiectasis

The pH of EBC was significantly lower in our patieohort than the healthy control
group [Mean (SD) n=58, 6.26(0.4%)n=14, 6.75(0.17); p= 0.000]. Figure 7.1 is an
interval plot demonstrating the difference in theam pH of EBC between patients

with bronchiectasis in stable state and healthyntelers.

When pH of EBC fluid was compared to sputum appearalone there was a trend
with the purulent sputum being more acidic thanrthesopurulent and mucoid sputum
{n=56, 6.06(0.40), 6.28(0.43), 6.45(0.28)} this wax significant p= 0.180. Figure 7.2
is a box plot demonstrating the differences betwsérof EBC at different time points

during the course of an exacerbation.

There was no correlation between EBC pH and lungtian (% predicted FEY

{r= 0.108, p=0.430}, CRP (r=0.11, p=0.434, n=53jE8R (r=0.052, p= 0.721, n=49).

There was a significant correlation between EBC autdl the total bacterial load
(r= -0.471, p=0.03, n=21). Figure 7.3 is a scatiet demonstrating the significant

relationship between pH of EBC and the total baattepunt in sputum.

There was no difference in the EBC pH between pttiein whomPseudomonas
aeruginosawas cultured in stable state as compared to thaisieout (13:43),

{6.19(0.39)v 6.29(0.43), p=0.421}. There was also no differeimcEBC pH between
patients in whose sputa a PPM was isolated as cedhpea those in whom it wasn'’t

isolated {n=27:29 6.29(0.43) 6.29(0.39), p=0.684}
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Figure 7.1: Interval plot of Mean (95% confidenogeirval) EBC pH in stable state
bronchiectasiss healthy volunteers. The x-axis lists the grouppafients i.e. with
Bronchiectasis or healthy volunteers and the y-&xipH values of exhaled breath

condensate. There was a statistical significaferdince in the two groups, p= 0.000.
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Figure 7.2: Interval plot of EBC pH when comparedading to sputum appearance.
Sputum was classified on appearance as purulentopooulent, and mucoid.
The x-axis lists the time point at which the pHEBC was measured i.e. baseline or
stable state, Day 1, Day 7, Day 14 of the exacienabr Day 42 after recovery from
exacerbation. Outliers are marked with an o ancemé outliers are marked with an
asterisk. Numbers accompanying these are patientifidation numbers for the study.
There was no significant difference in pH of EBCemntcompared to appearance alone,
p=0.180.

157



7.4.3 Acute exacerbation of bronchiectasis

The pH of EBC did not significantly change betwdwmaseline and Day 1(onset of
exacerbation, prior to antibiotic treatment), {n+=R22an (SD) 6.21(0.45) 6.28(0.35),
p=0.595}. The pH of EBC did not alter significantiyhen followed longitudinally
through an exacerbation {Day 14, at the end oftineat, 6.1(0.29)] or Day 42, after
recovery from the exacerbation 6.15(0.56)} p=0.52%here was no significant change
between EBC pH at baseline and Day 42 (n= 20, p*).(Figure 7.4 is an interval
plot demonstrating change in mean pH of EBC frosebae, during the course of an

exacerbation and on recovery from an exacerbation.

At Day 1, there was no correlation between CRPO(2685, p=0.387, n=20) or ESR
(r=0.066, p= 0.802, n=17).There was no significaorrelation between EBC pH and
lung function (% predicted FEY {r= 0.44, p=0.059, n=19}. At day 7, there was no
correlation between EBC pH and lung function (%dmted FEV) {r= 0.098,
p=0.673, n=21}, CRP (r=0.156, p=0.511, n=20) or E®R0.242, p= 0.318, n=19).
At Day 14, there was no correlation between EBC phd lung function
(% predicted FEY) {r= 0.374, p=0.104, n=20}, CRP (r= -0.168, p=0®4h=20)
Figure 16 or ESR (r=0.066, p= 0.807, n=16). At di@y there was no correlation
between EBC pH and lung function (% predicted BEv= 0.280, p=0.261, n=18},
CRP (r=-0.084, p=0.749, n=17) or ESR (r=0.026, @30, n=14). Table 7.2 lists the

Pearson'’s correlation coefficient between EBC pERECRP and % predicted FEV

There was no significant correlation between EBC quidl the total bacterial load
during and after the exacerbation. {Day 1(r= 0.2840.30, n=21), Day 14(r= 0.160,

p=0.318, n=21). Day 42(r=-0.336, p=0.18, n=17)}.
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Table 7.2: Correlation between EBC pH and markéisftammation- ESR and CRP

and % predicted FEV Pearson’s correlation coefficient ‘r and p vader measured

parameters and pH of EBC at baseline and duringdhese of an exacerbation.

N

Baseline Day 1 Day 7 Day 14 Day 4

EBCpH and r=0.108 r=0.44 r=0.098 r=0.374 | r=0.280

% predicted p=0.430 p=0.059 p=0.673 p=0.104 | p=0.261
FEV1 n=49 n=19 n=21 n=20 n=18

r=0.052 _ _ _

EBCpHand | p=0.721 |r=0.066 p= ;‘:'%'éi% 5;06086067 ;_zoéoggi
ESR n=49 0.802 n=17 n=19 n=16 n=14

r=0.11 r=-0.205 r=0.156 r=-0.168 | r=-0.084

EBCCFF’Q':, and | 6434 | p=0.387 | p=0.511 | p=0.479 | p=0.749
n=53 n=20 n=20 n=20 n=17
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Figure 7.3: Interval plot depicting Mean (95% CBE pH at baseline and during the
course of an exacerbation. Variables on the x-apdsthe time points during the study
when EBC pH was measured i.e. baseline, day 17ddgy 14 and day 42. Variables
on the y-axis are the EBC pH values. Global tesNENVA has been used to calculate
change over time. There was no significant chandbeé EBC pH during the course of

an exacerbation in the COBEX study, p = 0.525
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7.5 Discussion

Exhaled breath condensate pH is considered tactefie acid-base balance within the
airways [224]. The contributors to this pH balamace yet to be explained. The pH is

currently considered the most robust variable o€EB25].

Our study was designed to evaluate EBC pH in ststlalie bronchiectasis, to compare
it to healthy volunteers and study its variatiomiig the course of an exacerbation of

Bronchiectasis.

The EBC pH in our cohort was significantly loweathin the healthy volunteer group.
This confirms our hypothesis that the pH of EBCpatients with bronchiectasis is
more acidic than normal subjects. In bronchiecteaissed by cystic fibrosis [12], the
pH is significantly lower (5.67) [241] than if CB excluded 7.19 (0.08) [145]. The
values of pH of EBC in our study lie between puidid values and may be explained
by difference in the methodology. The lower pH ‘esluthat are observed in
bronchiectasis are attributed to the neutrophiflammation. This in turn is due to the
activity of the enzyme neutrophil myeloperoxidalsattatalyzes the reaction between
hydrogen peroxide and a chlorite form hypochlorous acid. This acid is highly
volatile and might be responsible for the acidification shaled breatltondensate

[145].

The mean (SD) EBC pH {6.75(0.17)} for healthy vdieers in our cohort was lower
than some reports and comparable to others. Tha ptéan healthy subjects has been
reported variously as 8.26 [242], 7.65 [144], 7[B45] and 6.15 [241]. This may be
explained by the different methodology employedctidlect and measure the pH.
While the former two workers [144, 242] used frozaw defrosted EBC samples and

the latter [145] used neat samples, all three grqapformed argon de aeration prior to
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measurement of pH. Tate et al measured pH from BB&t and that may explain a
comparable value [241]. We acknowledge that outhogkiof pH measurement does

not confirm to the task force recommendations [142]

We expected to find a fall in pH with the onsetaof exacerbation however found no
significant change. The pH of EBC is almost a lodeo lower in exacerbations of
Cystic Fibrosis [241]. The small size of our cohoray have been inadequate to
measure a significant change but a significant gbdras been detected with as few as
eleven patients with CF [241]. Other components duatribute to this pH balance

require further study.

Exhaled breath analysis has proven useful in mongdherapy with corticosteroids in
asthma. The breath condensate in acute asthmadifieac and this normalises to
control values on treatment [144]. The pH in ouhard however did not rise on
treatment with antibiotics and there was no sigaiit difference between baseline and
recovery from exacerbation. The eosinophilic inflaation in asthma is treated easily
with corticosteroids but the neutrophilic inflamioat implicated in bronchiectasis

may be multifactorial and not affected by antilietalone.

Patients with bronchiectasis that are chronicatijorizedby P. aeruginosahave a
significantly lower pH (6.96, 95% CI, 6.88—7.D§145]. This was not our finding
despite having a large number of patients withdstestate bronchiectasis.has also
been showrin vivo that leukocytenetabolism in the presence of live bacteria could
produce dall in pleural fluid pH. This may contribute toeghow pH observed in
patients wittbronchiectasis chronically colonized lbgcteria [145].  However there
was no difference in the EBC pH between patientssstsputa isolated Streptococcus

pneumoniae and those that did not {6.27(0.71) 6@®37), p=0.98}. We do not think
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that the colonising pathogen contributes signifisato the EBC pH. We found no
correlation between EBC pH and % predicted EE®ther workers have found a
significant relationship between the FEY% predicted and pH of EBC but in a smaller

cohort of patients [145].

We acknowledge that the number of patients in #higly is small. We have not
adhered to the task force recommendation on pH unement methodology either.
The pH in our study was measured immediately fdalgwcollection of EBC. Our aim

was to be enable patients to use this equipmehbmie to confirm the onset of an
exacerbation. However as our samples are presemedope to reanalyse with
deaeration and should be able to then comparetsesdle also did not measure intra

subject variability which has previously been repdras 4.5% [225].

pH of exhaled breath condensate is more acidiatiepts with stable bronchiectasis
than in healthy subjects. pH of EBC in our limitmahort failed to confirm the onset of
an exacerbation or recovery in a significant wahefe may be other markers of
inflammation or oxidative stress that may be magmiicant in bronchiectasis and
will need to be investigated. New and more seresitigsays will allow detection of

these other markers and help produce a specifieffiprint for bronchiectasis.
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Chapter 8

The microbiology of stable state and exacerbatioria

bronchiectasis —the COBEX study

8.1 Introduction

Microorganisms with potential pathogenicity (PPM) Haemophilus influenzae
Staphylococcus aureus, Streptococcus pneumoniagaxilta catarrhalis and
Pseudomonas aeruginosalead to an intense inflammatory response witthia
bronchi in patients with bronchiectasis [4, 17].aEerbations are common and
continue to contribute to significant morbidity apdorer HR-QoL [83, 102]. As there
is persistent bacterial infection of airways, ituld be logical to identify markers of

inflammation and endpoints for therapeutic triatsti sputa.

8.1.1 Use of qualitative analysis of sputum as raah goint in therapeutic trials in

bronchiectasis.

Pathogens isolated in sputa includ@emophilus influenzae, Pseudomonas aeruginosa
Staphylococcus aureus, Moraxella catarrhalend Streptococcus pneumoniae
[5, 18, 127]. Pseudomonas aeruginosa considered a marker of severity and is
associated with compromised HR-QoL [62]. Its preseis associated with poor lung
function and extensive disease on HRCT [17]. As ®&- is compromised to begin

with, deterioration may not be easily measured.rbbi@ml clearance in sputa may or
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may not always be achieved. BofPseudomonas aeruginosand Haemophilus
influenzaeare capable of forming biofilms [17]. Eradicatittrerefore can be difficult.

However microbial clearance can be achieved injanibaof patients [80].

8.1.2 Quantitative total bacterial counts as markdinfection.

Quantitative bacterial load has been previously wemarker of therapeutic efficacy.
In a study to assess efficacy of inhaled versuswvehous gentamicin, a 6-10 fold
reduction in colony counts has been reported [13&]ngitudinal quantitative

microbial data is absent in bronchiectasis. Itriknown if quantitative data correlates
to other proven parameters such as HR-QoL marketspirometric indices. It is time

consuming and remains a research tool at the dumes.

More useful are markers that involve patients’ @ation and can be measured in the

home environment. Sputum volume and appearancaualetools.

8.1.3 Twenty-four hour sputum volume as a markenfafction

Twenty four hour sputum has been used in studiess$ess the outcome of treatment
in exacerbations of bronchiectasis. An improvenienéputum volume on treatment
with antibiotics, during an exacerbation has beemahstrated. This alone would
validate it for future use in therapeutic intervens. However a baseline reference
volume from stable state was not included [80}tAndardised approach to sputum
volume collection for future studies would also umeful. Most workers have used
single day collections. A mean volume from a thlag sputum collection may give a

more accurate measuremed, 71]. Presence of a PPM is known to affecs thi
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volume. Patients witPPseudomonas aeruginogpaoduce more sputum than those with
other or no pathogens in their sputa. [17]. A ptékdimitation of 24 hour sputum
volume as an outcome measure is the reliance danpatompliance for collection
[243]. The volume of sputum produced remains ‘deiaWhile some patients are
daily producers of copious amounts others lessrebsame only do so during an

infection.

8.1.4 Sputum appearance as a marker of infection

Sputum appearance and colour can predict bactmiahisation accurately [159]. A
standardised approach to sputum description wowdugeful. Currently sputum
description can be scored between 0 and 10 asnfll@-absence of, 2-completely
transparent, 3-almost transparent, 4-translucentcalourless, 5-opaque and 6-milky
white, 7-grey, 8-pale green, 9-moderately green a@elark green sputum or is
dependent on the investigator [71]. We have singhssified sputum as mucoid,

purulent and mucopurulent.

Sputum appearance would be an easy tool for betksstiag. A significant correlation
has already been established between the doctodf'shee patient’s interpretation of

sputum appearance [159].

8.1.5 Non-tuberculous mycobacterial infection inrarhiectasis

It is important to screen all patients with broreadtasis at referral for NTM infection
and thereafter if there is an unexplained deteitomaunresponsive to usual therapy

[4]. It is also known that patients with bronchesis and non-tuberculous
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mycobacterial disease have a higher prevalenceefistingAspergillusrelated lung
disease. Outcome in such cases is poor and ther#éfis important to investigate
frequent exacerbators for both not tuberculous mgcterial disease anspergillus

related lung disease [161].

8.1.6 Obtaining sputum samples for analysis

Finally obtaining the sample of sputum for analysss crucial. Spontaneously
expectorated samples are easy to obtain and chesgatient least trouble. Induced
sputum and bronchoscopic lavage may be alternatimesadults who do not
expectorate. Oropharyngeal swabs have a high piredlivalue in the paediatric
population with cystic fibrosis [148]. For this diuonly spontaneously expectorated

samples were used.

It has been hypothesised that the inflammationiwithe bronchi is increased during
an exacerbation [31]. We have sought to measusdrthrease with a view to using it

as clinical endpoint in future therapeutic trials.
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8.2 Aims

Our aim was to study the bacterial profile of oatignts with bronchiectasis in stable

state and during the course of an exacerbation.

We wished to investigate the following:

In stable state

* The prevalence of bacterial colonisation in ouiguds.

* The correlation between serum inflammatory marleic total bacterial count
in sputa.

* The relationship between antibiotic prophylaxis gnelvalence of PPM in the
study cohort.

During an acute exacerbation

» Change in sputum appearance [alone]
e Change in 24 hour sputum weight
» Change in bacterial profile of sputa.

* Change in total bacterial count of sputa

We hoped to identify markers of infection that s to treatment and could be used

as valid end points in future therapeutic trials.
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8.3 Materials and methods

We prospectively studied 58 patients with brondaigis in a stable clinical state. Fifty
five of these patients were able to provide sampfesputa. All patients had well
characterised non CF Bronchiectasis.[18] We folld@2 of these patients through an

exacerbation. The patients were studied at

Baseline - No exacerbation in the precedingeéks

Day 1 - of an exacerbation (not having commeras#ibiotics)
Day 7 - during treatment with antibiotics

Day 14 - on completion of treatment with antilie

Day 42 - recovery from exacerbation

8.3.1 Specimens

Fresh sputum samples were collected for analyseaeth visit. We aimed to process
the sputum within two hours of expectoration. Irdiidn patients were advised to
collect all sputum expectorated over a 24 hourgerAt Day 1 of their exacerbation
they were asked to collect the 24 hour sputum ¥otig the study visit. This sample
was weighed and the result recorded. The 24 houtusp sample provided at the
screening visit was also used to check for presehoen tuberculous mycobacterium
(NTM). For the purpose of this study it has beesuased that sputum weight is equal
to volume i.e. 1g=1ml. All samples were collectedsterile containers. Samples at

Day 1 were collected prior to antibiotic use.
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8.3.2 Sputum analysis

Sputum was classified as purulent, mucopurulent modoid based on appearance
alone. The specimen was then divided into thretspaifwo samples were a hundred
microlitre aliquot each (Samples A&B) and the thivds a three hundred microlitre

aliquot (Sample C). Analysis of sample is desatiimeAppendix iv (Sample B).

8.3.3 Antibiotic treatment advice

Antibiotics chosen to treat an exacerbation wenaallig based on previous sputum
microbiology history. All patients received 14 dagb antibiotic treatment. When
given intravenously, two agents were used. Oralibiaics used included

Ciprofloxacin, Clarithromycin, Oofloxacin, Trimethdm, Doxycycline,

Moxifloxacin, Flucloxacillin and Septrin. Intraven® antibiotics used were
Tobramycin, Meropenem, Ceftazidime and Aztreoname @atient received nebulised
antibiotic used was Tobramycin. If patients werdag term oral Azithromycin or on
nebulised Colomycin, they were advised to remaintlese antibiotics during the

exacerbation

8.3.4 Statistical analysis

Data is expressed as Mean and standard error of orddean and Standard deviation
as appropriate. Change over time has been calduletieg a global test [Repeated
measures ANOVA] . Paired t-test has been usedgess difference between values
when required. Chi squared test has been usedhtgsardifferences in tabulated data.
All bacterial counts are expressed ipgnless otherwise specified. Results were

considered significant when p value was less th@h. 0
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8.4 Results

Fifty seven patients were studied in stable stateenty two of these patients were
followed through an acute exacerbation. Numberanfigles of sputa analysed varies
between different sections described below. Theams for this is - i) specimens
obtained were not always adequate in quantitypat)ents did not expectorate sputum

within two hours of the clinic visit; iii) patienid not attend a visit.

8.4.1 Sputum appearance

I n stable state bronchiectasis
Appearance is described in 56 sputum specimenst phittents had mucopurulent
sputum when in stable state 40/56, [72%]. Eighiepé [14%)] produced mucoid sputa

and eight [14%] produced purulent sputa at baseline

Acute exacerbation of bronchiectasis

In the group of patients followed through an exbha#on, sputum appearance was
most commonly mucopurulent at baseline {n =14/2%n€l sputum)}. There were

more patients with purulent sputum at the onsedrofexacerbation. (Baseline 3/21,
Day 1 10/22) and this change was statistically igant, p=0.046. By Day 7 fewer

patients had purulent sputum n=5/22. By day 14 @ag 42, only one patient had

purulent sputum. There was significant change ipeapance over the course of an
exacerbation, p=0.018. Figure 8.1 is a bar chartamstrating change in frequency of
sputum appearance from baseline and during theseafran exacerbation in the study

cohort.
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Figure 8.1: Bar chart showing frequency of changeappearance of sputa at each
during the study. Variables on the x-axis are i fpoints in the study when sputum
appearance was described i.e. Day 0-baseline, D%41during the course of an
exacerbation and Day 42 on recovery from the exaten, p=0.018.
Baselinev Day 1-p=0.046, Day 1 Day 7-p=0.270, Day ¥ Dayl4-p=0.004,
Baselinev Day 42-p=0.632. The black bars denote purulentusputhe grey bars
denote mucopurulent sputum and the white bars demoicoid sputum. There was a

significant change in sputum appearance duringolese of the exacerbation.
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8.4.2 24 hour sputum collection

I n stable state bronchiectasis

The mean (SD) of 24 hour sputum weight (g) was(8.82).

There was no significant difference in sputum weilgbtween patients who isolated
Pseudomonas aeruginoga sputa when compared to those that isol&éteadmophilus
influenzae orin whom no pathogen was isolated®sgudomonas aeruginose=10,
12.39(9.86) v Haemophilus influenzae=3, 11.20(9.95)v no pathogen n=21,

9.23(8.61)} p=0.658.

Acute exacerbation of bronchiectasis

The 24 hour sputum weight was measured at basaliweDay 1. There was no

significant change, n=12, baseline-9.0 (#2Day 1-11.6 (12.2), p = 0.444.

There was no significant change in 24 hour sputweight between Day 1 and Day 7

of the exacerbation,, n=14, Day 1-11.5 (1%:®ay 7-7.8 (6.2) p=0.184.

There was no difference in the 24 hour sputum welgitween Day 1 (onset of
exacerbation) and Day 14 (completion of treatmemt)]6, 10.2 (8.7 8.7 (6.4),

p = 0.549.

There was no significant change in 24 hour sputusight during the course of an
exacerbation, n=7, p=0.273. Table 8.1 lists thenm({&D) 24 hour sputum weight at
baseline and during the course of an exacerbation thie study cohort.

Figure 8.2 is an interval plot demonstrating chaingdae mean 24 hour sputum weight

during the course of an exacerbation.
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Table 8.1: The mean (SD) 24 hour sputum weightrémg at baseline and during the

course of an exacerbation in the study cohort Wl through an exacerbation of

bronchiectasis.

24 hour sputum weight

Visit Number of patients
Mean + SD (g)
Baseline 17 9.89+8.72
Day 1 14 11.5+11.38
Day 7 20 8.36 £7.25
Day 14 20 7.87 £6.27
Day 42 14 7.76 £6.13
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Figure 8.2: Interval plot demonstrating change 4ntdur sputum weight during the
course of an exacerbation in the study cohort. Vidr@ables on the x-axis are the time
points at which 24 hour sputum weight was measul@tihg the exacerbation i.e.

baseline, Day 1, Day 7, Day 14 and Day 42. Theation the y-axis is the mean 24

hour sputum weight in grams.
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8.4.3 Qualitative analysis of sputum

I n stable state Bronchiectasis

Forty seven per cent (26/55) of patients had PPeVvalthe established threshold

(>10* cfu/ml) in their sputa.

The PPM isolated in sputa were: Bseudomonas aerugingsd Streptococcus
pneumoniae, 4 Haemophilus influenzae 2 Staphylococcus aureus 1

Stenotrophomonas maltophiléand 1Achromobacter xylosoxidans.

More than one PPM was isolated in two patientspiihhogen was isolated in twenty

nine patients (53%) at baseline.

Acute exacerbation of bronchiectasis

At baseline, in the group of patients followed tigh an exacerbation, many patients
isolated only mixed upper respiratory tract flod0/@1-48%) in their sputa. Nine
patients had a single PPM in their sputum. Mora thiae PPM was isolated in sputum

of only one patient.

The PPM isolated were: Bseudomonas aeruginQsa Streptococcus pneumonjs2
Haemophilus influenzad, Staphylococcus aureuschromobacter xylosoxidansas

isolated along witiPseudomonas aeruginosaone patient.

At Day 1, the onset of an exacerbation, twelvehef22 patients (55%) isolated a PPM
in their sputa. These were:Pseudomonas aerugingsé Haemophilus influenzae

Streptococcus pneumonjae8 Staphylococcus aureusl Moraxella catarrhalis
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1 Achromobacter xylosoxidanBour patients (33%) isolated more than one organism

in the sputa.

At the onset of an exacerbation, Day 1, similamaigms were cultured to baseline in
15(71%) patients. Of these, 6 isolated a PPM whitmntinued to have only mixed

upper respiratory tract flora in their sputa. Afatient or entirely new PPM was

isolated in the sputa of 5 patients. An additicorganism to their baseline isolate was
found in one patient. Two patients who had mixedaupgespiratory tract flora at base
line converted to PPM at Day 1. Streptococcus pneumonjak with Haemophilus

influenzaeand $aphylococcus aureiis

The total number of patients isolating a PPM intgpuat reduced from 12 at Day 1 to
7 at Day 7. Overall microbial clearance was achdamer patients. Out of five patients
who isolatedPseudomonas aeruginosa Day 1, microbial clearance was achieved in
two patients. However, interestingly, 2 patientsl lieolated a new PPM having had

only upper respiratory tract flora at Day 1 in tteputa.

At Day 14, seven patients had achieved microbighrelnce. However 4 patients had
isolated a new PPM in their sputa P$eudomonas aerugings2 Stenotrophomonas
maltophilia. 1 Coliform organism). Of the 3 patients wRiseudomonas aeruginosa

Day 1, only one had achieved microbial clearance.

On recovery from the exacerbation, Day 42, onlysfpdtum samples were analysed.
Four patients did not attend the final visit (2l $tbspitalised, 1 further exacerbation,
lunable to attend). A further four patients wer¢ aide to expectorate sputum at the
time for analysis. Eight of these patients hadirretd to the baseline profile of
sputum. Of the remaining 6, 2 patients had losPB#& and isolated only mixed upper

respiratory tract flora. The remaining 4 patiendsl lacquired a new PPM (3 patients
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isolated Pseudomonas aeruginosd, Stenotrophomonas maltophiliand one a

Coliform species).

Table 8.2 lists the PPM isolated in sputa at basednd at Day 1 of the exacerbation

for the cohort followed through an exacerbation.

Table 8.3 lists the PPM isolated or the lack dfi sputa during the course of the
exacerbation at each visit. If no sputum sampleataained, the numerical 10 has
been used and UA has been used if patients weldauttaattend. Table 8.4 is the key

to Table 8.3.
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Table 8.2: Microorganisms isolated in sputa at lrasdsteady state) and at onset of

symptoms (Day 1) in patients followed through aacexbation of bronchiectasis.

Organism isolated in stable st

Organsm isolated at Day

Pseudomonas aeruginc

Pseudomonas aeruginc

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

Mixed upper respiratory traflora

Mixed upper respiratory tract flc

Pseudomonas aeruginc

Haemophilus influenzi

Pseudomonas aeruginc

Pseudomonas aeruginc

Pseudomonas aeruginc, Achromobacte
xylosoxidans

Pseudomonas aerugin¢, Achromobacte
xylosoxidans

Mixed upper respiratory tract flo

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

10

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

11

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

12

No sputun

Pseudomonas aeruginc

13

Streptococcus pneumoniae

Streptococcus pneumoniae, Staphylocor
aureus

14

Staphylococcus aure

Staphylococcus aure

15

Mixed upper respiratory tract flora

Staphylococcuaureus, Haemophilu
influenzae

16

Streptococcus pneumon

Mixed upper respiratory tract flc

17

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

18

Mixed upper respiratory tract flc

Streptococcus pneumon

19

Pseudomonaaeruginosi

Haemophilus influenzi

20

Mixed upper respiratory tract flc

Mixed upper respiratory tract flc

21

Haemophilus influenzi

Haemophilus influenzae, Pseudomonas
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aeruginos:

22

Haemophilus influenz:

Moraxella Catarrhali

Table 8.3: Microorganisms isolated during the ceun$ and on recovery from an

exacerbation of bronchiectasis.

Baseline E1D1 D7 D14 D42
1b, 1« 1c,1c 1c, 1 8 1c
8 8 8 5 8
8 8 g 8 8
8 8 8 8 10
1c 3 8 8 1c
1c, 1:¢ 1c,1¢ 2 1c,1¢ UA

1la, 1b, " 1a,i 1la,1k 1la,1t 1la,1b,
8 8 1C 8 8
8 8 8 8 8
8 8 8 8 11
8 8 8 8 10
11 1c 8 8 10
2 2,€ 8 5 1c.k
6 6 6 6 11
8 3,€ 8 8 11
2 8 8 1c,1c ls
8 8 9 9 9
8 2 8 2 8
1c 3 8 8 8
8 8 8 8 10
3 3,1¢ 7 8 1b
3 4 8 8 8

Table 8.4: Key to Table 8.3

le Pseudomonaaeruginose- mucoic

1b Pseudomonas aerugino- dwarf

1c Pseudomonas aerugino- rougtr

1d Pseudomonas aerugino- smal

Streptococcus pneumoniae

Haemophilus influenzi
Moraxella catarrhalis

Stenotrophomonas maltopt

Staphylococct aureut

Achromobacter xylosoxidans

Mixed upper respiratory tract flc

OO(N|OO|AWIN

Coliform sp.
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10 No Sputun

11 Unable to attend

8.4.4 Antibiotic prophylaxis and microbiologicalgfite of the study cohort

In our stable cohort of fifty seven patients, thigight (67%) were on prophylactic oral
antibiotics. Fourteen (25%) patients were on adiseEb antibiotics. Eight patients
were on more than one antibiotic prophylacticalyne patient with end stage

bronchiectasis was on four antibiotics at the same.

In the cohort of 22 patients followed through ara@etbation, 15 (68%) were on
prophylactic antibiotics. Being on prophylacticibittic did not affect the isolation of

a PPM in sputum.

Table 8.5 lists the relationship between isolatibror lack of a PPM in sputum with

the use of prophylactic antibiotic.

Table 8.6 lists the antibiotic prophylaxis presedhio patients and the microbiological

profile of the study cohort followed through an esebation.

Table 8.5: Relationship between isolation of oklat a PPM in sputum with the use

of prophylactic antibiotic.

On Prophylactic Antibiotic| Not on prophylactic
Antibiotic
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PPM in sputa

17

No PPM in sputa

21

Chi square teg® =0.371, p=0.573
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Table 8.6: Antibiotic prophylaxis prescribed toipats and the microbiological profile

of the study cohort followed through an exacerlatithe column on the left lists the

sputum microbiological profile at baseline and ¢odumn on the right lists the profile

at onset of an exacerbation. The column in theredists the prophylactic antibiotic

prescribed to the patient.

Baseline

Antibiotic
Prophylaxis

Day 1

Pseudomonas aeruginosa

Pseudomonas aeruginosa

Mixed upper respiratory tract flora Azithromycir

Mixed upper respiratory tract flora

j*)

Doxycycline
& aerosolised
Mixed upper respiratory tract flora Colomycin Mixed upper respiratory tract flor
Mixed upper respiratory tract flora Mixed upper respiratory tract flora
Pseudomonas aeruginosa Haemophilus influenzae
Aerosolisec
Pseudomonas aeruginosa Gentamicin Pseudomonas aeruginosa

Pseudomonas aeruginc &
Achromobacter xylosoxidans

Azithromycir

Pseudomonas aerugino&
Achromobacter xylosoxidans

Azithromycin
& aerosolised

j%))

Mixed upper respiratory tract flora Colomycin Mixed upper respiratory tract flor
Mixed upper respiratory tract flora Azithromycir | Mixed upper respiratory tract flora
Mixed upper respiratory tract flora Doxycycline | Mixed upper respiratory tract flora

Mixed upper respiratory tract flord

v Trimethoprin

Mixed upper respiratory tract flora

No sputum sample

Pseudomonas aeruginosa

Streptococcus pneumoniae

Streptococcus pneumon &
Staphylococcus aureus

Staphylococcus aureus

Doxycycline

Staphylococcus aureus

Mixed upper respiratory tract florg

Doxycycline

Haemophilus influenzi &
Staphylococcus aureus

Streptococcus pneumoniae

Mixed upper respiratory tract flora

Mixed upper respiratory tract florg

Trimethoprin

Mixed upper respiratory tract flora

Mixed upper respiratory tract florg

Streptococcus pneumoniae

Pseudomonas aeruginosa

Amoxicillin

Haemophilus influenzae

Azithromycin
& aerosolised

Mixed upper respiratory tract florg Colomycin Mixed upper respiratory tract flora
Haemophilus influenzae Azithromycir Pseudomonas aeruginosa
Haemophilus influenzae Amoxicillin Moraxella Caterrhalis

183



8.4.5 Quantitative data

The mean (SEM) log total bacterial count of the PPMs isolated fronoR66 patients
sampled at steady state (baseline) — not the smedibort followed through an

exacerbation at was 7.17(0.19), n=26.

Table 8.7 describes the mean (SEM)ddgtal bacterial count in sputa on all patients

followed through an exacerbation.

Table 8.7: Mean (SEM) lagtotal bacterial counts in sputa for all patierdfiofved

through an exacerbation of bronchiectasis.

Baseline Day 1 Day 7 Day 14 Day 42
Number of 21 22 21 22 14
patients
Mean 4.51 5.43 3.13 3.90 4.13
Standard
error of 0.60 0.68 0.40 0.57 0.64
mean

In thirteen of the 22 patients, samples of sputeevabtained at all visits. When no
PPM was isolated in sputum a minimum value oici@ml has been substituted for
the purpose of calculation as this was below oueQ&s of detection. There was no

significant change in the leg total bacterial counts during the course of an
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exacerbation. Using a Global test (repeated meaAROVA) the p-value over all
time points was 0.132 (n=13). Figure 8.6 is anrirgkeplot demonstrating change in
the mean log total bacterial counts (PPM) during the coursarmixacerbation in the

study cohort.

The total bacterial count at baseline was 0.5 uhitwer on the log scale
(95%CI -1.9, 0.3) than at Day 1 (n=21, p=0.167)oufts at Day 1 were 1.4 units
higher on the log scale than at Day 7 (95%CI 026, n=21, p=0.003). Counts at
Day 14 were 1.5 units lower on the log scale thabay 1 (95%CI -0.186, 3.3.24,
n=20, p=0.078) There was no significant differemtehe bacterial counts between

baseline and Day 42 (n=14, p=0.171).

The mean total bacterial count at baseline waslypacorrelated with systemic markers

of inflammation CRP (r=0.15) and ESR (r=0.041). {Ma explained in Chapter 10]

8.4.6  Chronic bacterial colonisation of lower aipwan stable state bronchiectasis

In the stable cohort of 57 patients, 20 (35%) padievere colonised by a PPM
Pseudomonas aeruginosa 17(30%); Haemophilus influenzae 2(3%);

Streptococcus pneumoniaé2%)
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Log10 total bacterial counts in sputa

Baseline Day 1 Day 7 Day 14 Day 42

Figure 8.3: Interval plot [95% CI] demonstratingaolye in the mean bacterial count
during the course of an exacerbation of bronchgstan the COBEX study. The
variables on the x-axis are the time points duthegstudy when total bacterial count
in sputa was measured i.e. baseline, Day 1, Ddyay, 14 and Day 42. The y-axis
variables are the mean and 95%Cl.éamptal bacterial count in sputa. There was no

significant change in the total bacterial countimgithe exacerbation, p=0.132
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8.5 Discussion

Clinically stable patients with bronchiectasis hawehigh prevalence of bronchial
colonisation by potentially pathogenic microorgamss [108]. This damages the
mucociliary escalator preventing bacterial cleasanad allowing the persistence of
pro-inflammatory mediators [244]. The prevalencelmfonic colonisation in our series
was only 35%. Rates of chronic colonisation in cafnort is higher than some reports
of 16% [17] but well below most others 48% [46hdeb4% [61, 127]. It is known that
when given antibiotics prophylactically this colsafion rate falls. This may explain
why the lower rate of colonisation within our cohidr7]. Up to 66% of our cohort was
treated with antibiotics prophylactically. This wduhave been based on previous
chronic colonisation data and therefore our curestimate may not be accurate for

this population.

Two thirds of our patients were on prophylacticilzintics and a third of patients
isolated no pathogenic microorganism at baseline.thihk this to be to the patient’s
advantage as higher colonisation rates are assdaiath frequent exacerbations [17].
However statistically we were unable to prove aificant difference in the isolation

rates between those on and those without proplylasctibiotics.

We found no significant relationship between seiaffammatory markers (ESR &

CRP) and the total bacterial load at baseline.eRetiwho are colonised with a PPM
are known to have significantly higher levels otitrephils, elastase, MPO, and IL-8
levels in bronchoalveolar lavage fluid. It is pbss that in stable state this

inflammation remains local and may only spill odering an exacerbation [127].
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Appearance and colour of sputum can predict battedlonisation [159]. We were
able to validate the utility of sputum based onegppnce alone. Most patients have
mucopurulent sputa in stable state but this appearssignificantly changed to
purulence during an exacerbation. In our studys #ppearance was described by a
single investigator. A doctor patient correlatiohdescribing sputum appearance is
proven [159]. Seventy two per cent of our patienégl mucopurulent sputum at
baseline. Other groups report higher levels of lamee, in some cases up to 57% [71].
Our cohort may have milder disease and antibiagtiplpylaxis may be a confounding

factor in the outcome.

Eighty per cent of patients are known to have aentiban fifty per cent fall in 24 hour
sputum volume at the end of an exacerbation [8@&.W&re unable to confirm this in
our study. Our mean daily sputum weight was less thOgs. Mean daily sputum
volume has been variously reported as 10mls [ZHI8 [80], 35mis [17, 27]. There
are many confounding factors to this volume coitectAs volume varies everyday an
average of a 3 day collection may be more accur@mmpliance and sputum
swallowing also remains a problem. Collection a$ trolume from hospital in patients
may be easier. Office goers in our study cited @uiate collection as being difficult.
Again nocturnal volumes may go unmeasured. We iogrtdound a trend with
increased sputum volume at the onset of the exatierband this was reversed by
Day 7. Perhaps the small number of patient in study may have reduced the power
of detecting the significance in this trend. Pasewith Pseudomonas aeruginosa
produce more sputum than those with other or nbgggns in their sputa [17]. While

this was true in our cohort the result was noisttaally significant.

Microbial clearance as an end point in an exacenbatould seem logical. We noticed

an increase in the isolation of a PPM at the oofah exacerbation. By Day 7 this was
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reduced and fell further by Day 14. Qualitativetesal clearance can be achieved in
up to 78%of patients [80]. We achieved microbiatachnce in 31% of patients.
However we also isolated new PPM in the sputa ofespatients indicating an altered
microbial balance within the airways. Antibioticophylaxis could once again be

responsible for the lower isolation rates seeruinsbudy.

As in most series, no pathogens are isolated irargel proportion of patients.
Commensals or upper respiratory tract flora aren seethe majority of patient
[71, 245]. There may be many reasons for this. blel standard for collection of
specimens remains a bronchoscopic lavage. Indusetim may also give a better
yield. Most studies, like ours, use spontaneouskpeetorated samples. Our
methodology did not allow us to detect a bactecalint of less than f6fu/ml.
Isolating a new organism at Day 1 having isolatety onixed upper respiratory tract
flora before, could mean that these organisms \afready present in undetectable
numbers previously (less than’¢f/ml). We assume that a count lower than thisf is
no clinical significance. Other techniques suchpa$/merase chain reaction may

increase the yield [17].

Pseudomonas aeruginosa the most commonly isolated pathogen followed by
Haemophilus influenzags, 71]. Pseudomonas aeruginoseas the most commonly
isolated pathogen in our cohort t&ireptococcus pneumonisas however the second
most common followed bidaemophilus influenza®ur antibiotic prophylaxis policy
may again be responsible for this change in balaDteer antibiotic naive populations
report a higher incidence d¢daemophilus influenzaisolates. The low incidence of

Staphylococcus aureus our group is in keeping with other series. [[L49
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Microbial clearance is certainly possible for mgpecies but may be less likely if

patients are infected with mucoid straing”’seudomonas aeruginofz0].

We found no significant increase in the quantitatbacterial load between baseline
and Day 1- onset of the exacerbation. There wagrdfisant fall in total bacterial

counts between Day 1 and Day 7 suggesting effewi® of antimicrobial treatment.
There was no significant difference in total baelecounts during the course of an

exacerbation in our cohort.

A slighter lower vyield in our study is also caud®dour strict requirement of sputum
sample to be expectorated within two hours of theyeis during the scheduled visit.
All patients were not able to provide this easiBacterial density of spontaneous
sputum is affected by the time and mode of santplege. It can be stored for up to
6h following expectoration at 25 degrees C; beyadhnid it is associated with a

significant increase in bacterial load [246].

We find that sputum appearance is the only usefrkers of infection that could be
used as endpoint in future therapeutic trials. WR# hour sputum weight, microbial
clearance and total bacterial counts show prortasger studies would be required to

confirm our findings.
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Chapter 9

Anti-pseudomonal antibodies and bronchiectasis ilie COBEX study

9.1 Background

Specific serum antibodies could be helpful in defjnthe status of bacterial infection
as well as the response to early treatment in niatiét may also confirm protection
following vaccination. However antibodies induceg disease do not seem to offer
protection in Cystic fibrosis [12]. The antibodyspesnse againsPseudomonas

aeruginosan CF is a marker of chronicity of infection anflimflammation and tissue

damage. Some patients with non-cystic fibrosis tin@ttasis when infected with

mucoid strains ofPseudomonas aeruginodaave high levels of antipseudomonal
antibodies. It is not known if information from Gfan be extrapolated to non CF

bronchiectasis [162].

Immunoglobulin G (IgG) antibodies @sasurface antigens in serum can be estimated
by enzyme-linked immunosorbent assay (ELISA). Aadiles toPsacan be directed
against alkaline protease (AP), elastase (ELA)tan A (ExoA) or whole cell
[153, 163]. The secretory IgA is the initial humlorasponse to infection in the lungs.
While antibodies to IgG are commonly measureds ipéssible that at the onset of
infection an increase in specific serum IgA antieednay occur before an increase in

serum IgG antibodies [164].

In CF, the Pseudomonas aeruginosatibody response is related to the degree of

inflammation and lung tissue damage [162]. Therefbis postulated that it may help
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differentiate between chronic and intermittent atf¢155]. Specific serum IgG to
whole—cell Pseudomonas aeruginodas been measured in CF patients with chronic
infection (>50% positive cultures &seudomonas aeruginosa previous 12 months),
intermittent infection £50% positive cultures) and those never infectedtibddy
levels are significantly higher in patients withra@hic infection and very low in those
never infected. A sputum culture positive Rseudomonas aeruginosath a negative
antibody titre suggests early superficial infectiomther than advanced chronic
infection [153]. Antibody titres measured in patemndergoing antibiotic treatment
for eradication ofPseudomonas aeruginosare significantly higher in patients
chronically infected compared to those with negatultures [153]. The duration of
infection with Pseudomonas aeruginosand the total number of days patients were
treated with intravenous antibiotics also corredatdéth the antibody levels [155].The
Pseudomonas aeruginosatibody level can be followed up to evaluate sascof

anti-pseudomondseatment [247].

In CF, longitudinal assessment of antibody titreseased before and after inhaled
antibiotic therapy in patients with fir®seudomonas aeruginossolation showed a
significant decrease in antibody titres againstakiél EXoA in patients clearingsa
infection, whereas titres increase in patients inomv antibiotic therapy fails to

eradicate the organism [153].

Eradication of bacteria is more likely after eadgtibiotic treatment of pulmonary
infection, given the problem of poor antibiotic ass from serum to the
intrapulmonary cavity, which is compounded by tissue damage that occurs during
infection. Alternatively, a defective IgA respons®gy be present in some patients,
which contributes to pulmonary infection. The ratibIgA and IgG concentrations

may provide an indication of the depth of pulmoniafgction, and also an insight into
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the reasons for the observed differences in pragmufsdifferent patients withPsa

infection [164].

Variability between patients is considerable, amgtiver treatment decisions should be
based oPseudomonas aeruginosatibody levels alone remains controversial. While
some suggest it may not be ideal [153] others tdmmefit. Patients with high serum
IgG titres againsPsawhen treated with antipseudomonal treatment atviate of four
months until the serum IgG titre return to the colntange, show improvement in the

frequency ofPsaisolation when compared with an observation onbug [164].

High titres of serum IgG antibodies are associatithl a poor clinical state, while low
titres are associated with a better clinical statédboth chronic and intermittently
infected patients with CF [165]. Information on ipaeudomonal antibody levels in
patients with non-CF bronchiectasis remains limitdtb study has previously
described change in anti-pseudomonal antibody stitie exacerbations of

bronchiectasis.

9.2 Aims
1. To investigate the prevalence of antipseudomontbaaly titres within this
study cohort
2. To study the prevalence of antipseudomonal antibodatients in whom we
did not isolatdPseudomonas aeruginof@m corresponding sputa sample
3. To study variation in anti-pseudomonal antibodiggg during the course of

an exacerbation of bronchiectasis.
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9.3 Methods

Ten ml sample of venous blood was collected instedle vacutainer, centrifuged and
the serum stored at -X0. Serum samples obtained from patients were setie
Respiratory and Systemic Infection Laboratory (HE&]indale, London NW9 5HT)
for analysis of antipseudomonal antibodies. Antibedo A-band lipopolysaccharide

antigen were analysed in this study.

Data was analysed using SPSS statistical softw2ata are expressed as mean *
Standard deviation (SD). Comparison between diffietienepoints was made using the
unpaired t test. Correlation between groups wasrdbhed by nonparametric

Spearman correlation analysis. Significance wame@fas a value of p < 0.05.

9.4 Results

Thirty one patients had antipseudomonal antibodieasured at baseline. Twenty of
these patients had negative titres (below 0.99p8tents had slightly elevated levels
(0.99-1.49), 4 had clearly elevated levels (1.48)l.and only one patient has
significantly elevated level (>2). Titres of angpglomonal antibodies at baseline are
listed in Table 9.1. Table 9.2 indicates when ditveere slightly, clearly or grossly

elevated and is a key to Table 9.1.

Seven patients had elevated titres of antipseudahemtibodies despite not having

isolatedPseudomonas aeruginosa corresponding sputum samples. Three of these
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seven patients had clearly elevated titres. Twahefle patients were previously
colonised with Pseudomonas aeruginosand were already on regular antibiotic
prophylaxis (oral Azithromycin + oral Doxycyclin@é nebulised Colomycin). One of
these patients isolatd@lseudomonas aeruginosan sputum during the course of an
exacerbation. Only one patient was neither colahiser on antibiotic prophylaxis.

This patient did not subsequently isol®seudomonas aeruginosa baseline and had

no further samples of sputum analysed during thidys

Ten patients had anti-pseudomonal antibodies measatrall visits during the course
of an exacerbation. Whilst there was a trend wiktréased titres at the onset of an
exacerbation, there was no significant change duttire course of the exacerbation,

p=0.996. There was no significant change betwesalioe and Day 1 either p=0.756.

Pseudomonas aeruginosatibody titres were higher at the onset of exaatéb in
our patient cohort however this was not statidjcsipnificant (mean baseline - 0.793
v Day 1- 0.873, p=0.672, n=11). The titres fell affe& 14 days of treatment with
antibiotics but this fall was not statistically sificant (mean Day 1- 0.874 Day 7 —
0.853, p=0.884, n=21). There was no significantngeain antibody titres over the

course of the exacerbation (p=0.996).

Table 9.3 lists the mean (SD) antibody titres atvadits during the course of an

exacerbation in our patient cohort.

Figure 9.1 is an interval plot demonstrating chaimgehe mean anti-pseudomonal

antibody titres during the course of an exacerhbatio
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Table 9.1: Anti-pseudomonal antibody titres in diestate bronchiectasis

Anti-pseudomonal
Patient number
antibody titres
1 1.386**
2 0.711
3 0.937
4 1.281**
5 1.762*+*
6 0.45¢
7 0.72¢
8 1.343*
9 1.169*
10 1.641%*
11 0.249
12 0.751
13 1.731%*
14 1.183*
15 0.59¢
16 1.704**
17 0.52¢
18 0.471
19 0.561

196

Anti-pseudomone

Patient number | antibody titres
20 0.244
21 0.906
22 0.804
23 0.366
24 1.108**
25 0.54¢
26 2.197*
27 0.526
28 0.839
29 0.488
30 0.822
31 0.699




Table 9.2: key to Table 9.1

Interpretation

Negative 0.00-0.99
**= Slightly elevated 1.0-1.49
*** = Clearly elevated 1.5-1.99
*\ = Grossly elevated 20+

Table 9.3: Mean (SD) anti-pseudomonal antibodyegitduring the course of an

exacerbation, n=10.

Mear Standard deviatic
Baselint 0.811 0.40¢
Day 1 0.867 0.48¢
Day 7 0.85¢ 0.45¢
Day 1¢ 0.811 0.45¢
Day 4 0.81¢ 0.415
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1.2 —_

1.1+

1.04

0.9+

0.7+

Antipseudomonal antibody titre
52

0.6+

Baseline Day 1 Day 7 Day 14 Day 42

Figure 9.1: Interval plots showing change in asgydomonal antibody titres in serum
during the course of an exacerbation. Variableshenx-axis are the visits during the
study when anti-pseudomonal antibodies were medsiegebaseline, Day 1,7,14 and
Day 42. The y axis variable is the mean (95%Cl}-ps¢udomonal antibody titre.

There was no significant change in the anti-psewhattitres during the course of the

exacerbation, n=10 p=0.996.
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9.5 Discussion

The purpose of this study was to investigate thevagdence of antipseudomonal
antibody titres in the study cohort and measuregéan their levels during the course

of an exacerbation.

At baseline, in stable state bronchiectasis, elexrof 31 patients (35%) had elevated
antipseudomonal antibody titres. Our cohort waatinadly stable clinically. This may
explain the infrequent need for antibiotic treatinand hospital admissions in the
preceding year. Eight patients had elevated leg€lantibodies despite not having
isolatedPseudomonas aerugino$a the corresponding sputum sample. Two patients
had Pseudomonas aeruginoga sputum with negative antibody titres. Indeediriyr
the course of the exacerbatiddseudomonas aeruginoseas cleared by day 7 of
antibiotic treatment in both patients. This ind&safpossible early infection. Others
continued to isolat®seudomonas aeruginoskespite antibiotic treatment. Whilst one
of these patients was on oral Amoxicillin as amfilsi prophylaxis, the other was
antibiotic free. Positive IgG antibody titres maggate isolation of P aeruginosa, but
in some patients are present soon after acquisiiorinfection. A positive titre
indicates significant exposure to P aeruginosacandd be used to detect infection in
patients unable to produce sputum. The presenaesygtemic immune response above

the control range indicates tissue invasion anadaanfection [163].

Antipseudomonal antibody titres were not signiftbarhigher at the onset of an
exacerbation in our patient cohort. There was gaificant change in antibody titres
over the course of the exacerbation (p=0.996)s Tay be due to the small number of

patients in our study.
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Detection of anti pseudomonal antibodies at anyestdge, in non-CF bronchiectasis
may help in differentiating between early infectimnd harmless colonization. It may

also be a useful monitor of the progress of infectand the response to antibiotic

treatment in the early stages of infection.
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Chapter 10

Serum Inflammatory markers and

Capillary blood gas analysis in bronchiectasis — #@COBEX study

10.1 Introduction

Systemic markers of inflammation are raised in bhiectasis and correlate with
disease severity. The level of inflammation deteenidisease progression and health
status [181]. In Cystic fibrosis and community @dogd pneumonia serum
inflammatory markers rise during an exacerbatiathfall on treatment with antibiotics
[181, 248, 249]. The persistent local inflammatiorpatients with bronchiectasis and
the host response may be reflected in systemicemaudd inflammation. Some markers
correlate closely with the anatomical extent of disease while others correlate more
closely with the lung function. No significant difence has been found in the levels of
systemic inflammatory markers between patients at®on long term prophylactic

antibiotics (either oral or nebulised) and thos@wahe not on any antibiotics [181].

In respiratory conditions such as Chronic obstugctpulmonary disease (COPD),
systemic inflammation is raised in stable state0]23n exacerbations of COPD,

systemic biomarkers are not useful in predictireggbverity of exacerbations [81].

Plasma biomarkers are easily accessible. Whilelatesealues may be less important,
change in values may be useful in predicting on$ein exacerbation and recovery

therefrom.
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10.1.1 C-reactive protein (CRP) and bronchiectasis

C reactive proteinis an acute phase pentameric protein producedhéyliver in

response to IL-6 stimulation. It is thought to heip removing autogenous and
exogenous material from the circulation. This meayitb main role in infection, when it
acts by recognising products of pathogenic micraoigms. A raised concentration of
this protein is considered to be evidence of actigeue destruction [251, 252].

Relevance in a particular disease is less welh@df{81].

In patients with stable COPD, frequent exacerbat@ss or = 3/year) are
indistinguishable from infrequent (< or =2/yeargegrbators in terms of serum levels
of C reactive protein [253]. In exacerbations of I plasma CRP alone has not been
found to be a useful biomarker. CRP in the preseficemajor exacerbation symptom
has been found to be useful in the confirmationC&PD exacerbations. When
measured with a major symptom, CRP becomes 95%ifispét predicting an

exacerbation [81].

High CRP values are frequently found in patientthviiacterial respiratory infection
but may also be seen in viral illness. In a prospecstudy of patients with upper
respiratory tract infections, higher CRP values evésund in those infected with

influenza A and B [254].

In stable bronchiectasis, CRP remains high sigmifyi persistent
infection/inflammation. In one cohort the CRP wased above normal levels in 30%
of patients whilst in stable state [181]. In anotbteidy measurement of the C-reactive

protein (CRP) in patients suffering from bronchéesis$, clinically judged to be in
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remission, showed a major on-going acute phaseomesp Such a response could

predispose these patients to the development cfiveasecondary amyloidosis [255].

In an exacerbation of bronchiectasis, the CRPisgdaand decreases significantly on
treatment with antibiotics [83]. In a prospectivaedy of exacerbation in bronchiectasis
more than 2/3 of patients had a raised CRP and ir¥toved on completion of

treatment [80].

The CRP also correlates significantly with the akiaf bronchiectasis as measured by
a HRCT score. This would signify local inflammatidghat could be measured
systemically [181]. Impaired activity and morbidi#ye central issues in the lives of
patients with bronchiectasis. CRP is significamiyrelated with the activity and total
scores of the St Georges Respiratory questionfi8dg. Finally the CRP is thought to
be an independent predictor of hospitalisation rmdtality in patients with end stage

respiratory failure [256].

10.1.2 Erythrocyte sedimentation rate and brorotases

The ESR is a nonspecific measure of inflammatioadusommonly in clinically
practise. Of little use in diagnosis, it often el monitor disease progress or
treatment. Its major impact lies in its ability help reinforce or lessen diagnostic

probabilities [257].

In stable state bronchiectasis, when compared tathye controls the ESR is
significantly raised [258] . In one cohort, up 898 of patients had a raised ESR when

in stable state [181].
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In exacerbations of bronchiectasis, the ESR has s®wn to fall significantly
following a two week course of intravenous antilmiet However this was a modest

improvement and fell only 1.8 fold [80].

The ESR correlates significantly with the sevedfybronchiectasis as defined by an
HRCT score and also the activity score as measonethe St Georges respiratory
guestionnaire [181]. The ESR also correlates soaifly with measures of lung

function including forced vital capacity (FVC), peaxpiratory flow rate (PEFR),

alveolar volume and the transfer

factor of lung for carbon monoxide [181].

Colonisation with bacteria is common in bronchisigaThere is conflicting evidence
with regards to ESR and CRP when different pathiogencroorganisms are isolated
in the sputum. Some reports suggest no differem¢kd levels of these inflammatory
markers in different groups [181]. Others suggesigaificant association with the

ESR when patients are chronically colonised Witheruginosd258].

10.1.3 Total White cell count and bronchiectasis

In stable state bronchiectasis, the total whitd ceunt (WCC) is elevated above
normal levels in up to 15% of patients [181, 25@]hile neutrophils are mostly
reported, a differential white cell count showsttthee elevation is distributed in most

cell types [259].

In exacerbations of bronchiectasis the total wbék count is raised. The mean white
cell count was significantly reduced on treatmerithvantibiotics. Some report a
significant fall in the WCC while others suggestsmaller difference of 1.5 fold

decrease that is thought to be less relevant ttiear markers of inflammation [80, 83].
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The total white cell and the neutrophil count aignificantly correlated to disease
severity as measured by an HRCT score, activitytatad scores of the St George’s

Respiratory Questionnaire [181].

Lung function measures are correlated to the WCEIL][1An inverse correlation
between the peripheral WCC and FEV1 percentageigeeldhas also been reported.
This may suggest that the host peripheral leukomgponse may be a factor in the

determination of lung function [121, 259].

10.1.4 Albumin and bronchiectasis

Protein in the plasma is made up of albumin anthgln. Serum albumin is the most
abundant and comprises about half of the bloodnsgatotein. It is produced in the
liver and is soluble and monomeric. It has a h#df-bf approximately 20 days.
Albumin has a number of essential physiologic éffetecessary for normal health
such as vasodilatation, inhibition of endotheliall apoptosis, antioxidant effects and
reduced platelet aggregation. The causes of hypoaftemia are malnutrition,

reduced synthesis by the liver, renal losses, amshec inflammation

In stable state bronchiectasis, serum albumin $ewek lower than age matched
controls [259]. In lung disease, the acute phaspomse starts with a local reaction at
the site of injury characterized by activation e&mulocytes and mononuclear cells,
which in turn release acute phase cytokines (ieddrh-1 [IL-1], interleukin-6 [IL-6],

tumour necrosis factor-alpha [TNff; and interferons). IL-6 acts via specific hepatic
receptors and inhibits the synthesis of albumir0[Z&1]. Hypoalbuminemia is thus a

marker of on-going inflammation.
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A graded relationship between albumin and mortaditgescribed. Reductions as little
as 0.5g/dL in serum albumin concentration has lassnciated with a 54% increase in
mortality rate [261]. Administering albumin to patts with hypoalbuminemia has not
been shown to improve survival or reduce morbidityggesting that the underlying
cause of hypoalbuminemia, rather than low albumiels per se, is responsible for the

increased mortality [261-263].

Albumin enters the lung by passive diffusion and ¢& measured in sputum and
bronchial secretions. Since albumin in the sputsiglerived from the blood plasma by
diffusion alone, it is also a relatively sensitivarker of lung inflammation. A ratio of
sputum to serum albumin is a guide to transudatitmthe lung. Levels of this ratio
fall with treatment and rise again on cessatiortreéitment [264, 265]. Bronchial
secretions in patients with Haemophilus influensaeretions have higher albumin
levels, indicating active local inflammation [266}Aultivariate analysis has indicated
that lower serum albumin is significantly assodateith worse lung function.
Persistent inflammation plays an important rol¢hi@ deterioration of lung function in

bronchiectasis [121].

10.1.5 Capillary blood gas and bronchiectasis

Impaired gas exchange in bronchiectasis causes xegpa and occasionally
hypercapnia. In stable state bronchiectasis, Oxggéurations as measured by a digital
pulse oximeter shows reduced levels when comparezbiitrol subjects [258]. The

cause of this is multifactorial.
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In Cystic fibrosis, impaired pulmonary gas exchaigeeen as measured using the
multiple inert gas elimination technique. Improvernén this gas exchange is seen
post treatment with intravenous antibiotics. Thisld be secondary to improvement in
mucus plugging of small airways [267]. Airway claace techniques (ACTS) also
significantly improves mucociliary clearance andughgas exchange [268]. In
asthmatic patients who die of ventilatory failupegfound mucous plugging has been

found on autopsy [269].

Significant arterial hypoxemia occasionally present patients with extensive
bronchiectasis is thought to be due to V/Q abndtieal Right-to-left shunts are
increased but contribute to a smaller extent tookgmia. Perfusion of unventilated
alveoli is thought to be partly responsible for theapulmonary right-to-left shunts
observed. New vascular communications in the briahetell and granulation tissue
might shunt blood from the pulmonary arteriolesptdmonary veins. These shunts

have been described previously by Liebow, Haled,landskog in 1949 [56, 270].

Bronchiectasis is commonly disabling but a rareltalf diseaseHowever hypoxemia
and hypercapnia are closely related to the moytalitd described as significant risk
factors [21]. This may reflect the severity of dise in these patients. Little is known

about gas exchange in acute exacerbations of bieatahis.

Gas exchange can be measured in different ways asi@rterial blood sampling or
ventilation perfusion imaging. Arterial blood saingl ispainful, and even with local
anaesthesia the procedure causese pain than sampling from the ear lobe [55].
Capillary blood gas (CBG) samples may be used ateplof samples from arterial
punctures to estimate adequacy of ventilation. Acpure is made with a lancet into

the cutaneous layer of the skin at a highly vasisédd area (heel, finger and toe).
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10.2 Aims

The aim of this study was to establish the levedysttemic markers of inflammation in
stable state bronchiectasis and measure changegdari acute exacerbation. We

wished to define clear end points towards whichriiinterventions can be directed.

10.3 Methods

Samples for venous and capillary blood were takeraeh visit.

10.3.1 Venous blood

Two ten ml samples of venous blood were colleatestérile vacutainers

One sample was centrifuged and the serum stored7@&C for analysis of

inflammatory mediators later.

The other was used to measure markers of systarfidenimation on the same day:
C-reactive protein (CRP), Erythrocyte sedimentatiate, total white cell count and

serum albumin.

10.3.2 Capillary blood

A capillary blood sample was used for blood gadyasigm A proprietaryubefacient
[Transvasin- Hexyl Nicotinate (2%w/w), Ethyl Nictoate (2%w/w),
Tetrahydrofurfuryl Salicylate (14%w/w)] was rubbed the ear lobe of each patient
ten minutes prior to the procedure. A stab was maidk the point of a lancet

(2x1.5mm) in the fleshy part of the ear lobe. Wéented the blooéh a heparinised
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capillary tube held horizontally against fhncture site. The blood gas analysis was
analysed immediately (i-STAT® handheld system). g5asvere measured while
breathing room air with the patient at rest andsitting at least 10 min before

extraction.

10.3.3 Statistical analysis.

Variables are expressed as Mean (Standard Dejatiban distribution was normal
and Median (Interquartile range) for non-paramedidta. A global test for repeated
measures (ANNOVA) has been used to measure chamgdime and paired t-test to

make within group comparisons. A significant resudis inferred when<0.05.
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10.4 Results

Stable state bronchiectasis

Normal ranges of each of the systemic markers fidrimmation along with median
measurement values (interquartile range) for thelyspopulation in stable state is

summarised in Table 10.1.

Table 10.1: Systemic markers of inflammation irblastate bronchiectasis.

Values are median (Inter quartile range).

Broncr_liectasis Reference ranges Num_ber of

patients patients
CRP mg.[* 3(2) 0-10 53
Total v)\igict;ftlall count 6.20(5.4) 4-11 54
ESR mm.H 14(6) 1-15 49
Albumin 39(37) 30 to 50 55

PaQ kPa 10.8(9.9) 9.3-13.3 45

PaCQ kPa 4.5(4.1) 4.7-6.0 45
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In stable state, correlation between all measuretkens of inflammation and
spirometric indices FEV1 % predicted and FVC % pedl was sought. Only partial
pressure of Oxygen while breathing room air wasiBiantly correlated to FEV%

predicted (p=0.023) and FVC % predicted (p=0.00@&ble 10.2 lists the Pearson’s

correlation coefficient for each of these comparsso

Table 10.2: Pearson’s correlation coefficients leefvlung function measures and

systemic markers of inflammation of patients withlde state bronchiectasis.

FEV1 % predicte

FVC % predicte

CRP (mg/L -0.017 0.08(
ESR (mm/houl 0.001 0.25i
WCC (x1C/L) 0.04¢ 0.060
PaC (kPa’ 0.339* 0.371*
PaCGC (kPa, -0.10¢ -0.14(

FEV:: forced expiratory volume in one second; FVC: &twital capacity; ** p<0.01.
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10.4.1 C-reactive protein

The CRP increased significantly between baselink Ray 1 (p= 0.025). This trend
was reversed by the end of treatment at Day 14e(B&ss Day 14 p= 0.584, n=20).
The CRP varied significantly during the course nfexacerbation (n= 20, p=0.008).
Table 10.3 lists the median (interquartile rangalugs of CRP at all visits during the
study. Figure 10.1 is a box plot demonstrating gean the median CRP levels during

the course of an exacerbation.

Table 10.3: CRP levels during the course of anexkedion of bronchiectasis.

Values are Median (inter quartile range). All valsee expressed as mg.L

Day 14
Baseline Day 1 Day 7 Day 42
Number of 21 21 20 21 17
patients
Median 3.00 9.00 3.50 3.00 3.00
IQR 2.00 16.00 4.50 3.00 950

212



120+

100+

80+

60+

CRP mg/dl

40+

X% X x
20 % £ Iil
xR
== T == ==

Baseline Day1 Day 7 Day 14 Day 42

Figure 10.1: Box plot demonstrating change in medlQR) C-reactive protein levels
during the course of an exacerbation. Variabletherx-axis are the time points during
the exacerbation when CRP was measured i.e. bas&my 1, 7 and 14 during the
exacerbation and Day 42 on recovery from the ekati®n. Variable on the y-axis is
CRP levels in mg/L. Extreme outliers are markedhwdin asterisk. There was a

statistically significant change over time, p=0.008
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10.4.2 Erythrocyte sedimentation rate

There was a significant increase in the ESR betvwmeseline and Day 1 (p= 0.017,
n=14). This trend was reversed at the end of treatrat Day 14 (n=11, p=0.08).
However there was no significant change in the E&Rng the course of an
exacerbation (p=0.227). Table 10.4 lists the mefli@erquartile range) values of ESR
at all visits during the study. Figure 10.2 is a kot demonstrating change in the

median ESR levels during the course of an exaderbat

Table 10.4: ESR during the course of an exacematidronchiectasis.

Values are Median (inter-quartile range). All vaae expressed as mm/hour.

Baseline Day 1 Day 7 Day 14 Day 42
Number 16 18 19 17 14
Median 135 17 16 13 15
IQR 10 18.5 24 16 22.2
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Figure 10.2: Box plot demonstrating change in mediQR) ESR levels during the
course of an exacerbation. Variables on the x-axés the time points during the
exacerbation when ESR was measured i.e. baseliag, 1D 7 and 14 during the
exacerbation and Day 42 on recovery from the ekati®n. Variable on the y-axis is
ESR levels in mm/hr. Extreme outliers are markethwain asterisk. There was no

significant change over time, p=0.227.
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10.4.3 Serum albumin

There was a significant fall in serum albumin lsvéletween baseline and Day 1
(n=21, p=0.026). This fall was sustained and didracover even by Day 42, recovery
from the exacerbation (p=0.022). The Body massxnd@MI) and serum albumin

levels were not significantly correlated (p=0.0The serum albumin levels did not
correlate significantly with number of exacerbatidhat patients had suffered in the
preceding year (r=0.18). Table 10.5 lists the mediaterquartile range) values of
serum albumin at all visits during the study. Fegd0.3 is a box plot demonstrating

change in the median serum albumin levels duriegcturse of an exacerbation.

Table 10.5: Serum albumin levels during the courde an exacerbation of

bronchiectasis. Values are median (inter quardifee) in g/L.

Baseline Day 1 Day 7 Day 14 Day 42
Median 41 38 37 37.5 37
'gﬁ;g‘zfgg‘)e 4.0 5.2 3.7 5 3
Number 21 22 20 22 19
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Figure 10.3: Box plot demonstrating change in medi®R) serum albumin levels
during the course of an exacerbation. Variabletherx-axis are the time points during
the exacerbation when serum albumin was measwedbaseline, Day 1, 7 and 14
during the exacerbation and Day 42 on recovery fiteenexacerbation. Variable on the
y-axis are serum albumin levels in mg/L. Extremdiexs are marked with an asterisk.
There was significant change in serum albumin kewaliring the course of an

exacerbation, p=0.022.
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10.4.4 Total White cell count

The white cell count was higher at the onset of éRacerbation but this was not
statistically significant (n= 20, p= 0.533). The iteh cell count did not vary

significantly during the course of an exacerbafionl5, p=0.845). Table 10.6 lists the
median (interquartile range) values of total whitdl counts at all visits during the
study. Figure 10.4 is a box plot demonstrating geaim the median total white cell

counts during the course of an exacerbation.

Table 10.6: Total white cell counts during the amurof an exacerbation of

bronchiectasis. Values are Median (inter quartdage). All values are expressed

as x16.L™
Baseline Day 1 Day 7 Day 14 Day 42
Median 5.8 6.7 6.3 6.3 6.0
Inter quartile
range (IQR) 1.95 3.30 3.25 2.75 1.90
Number 21 21 21 22 17
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Figure 10.4: Box plot demonstrating change in Medi®R) total white cell counts
during the course of an exacerbation. Variabletherx-axis are the time points during
the exacerbation when total white cell counts iooll were measured i.e. baseline,
Day 1, 7 and 14 during the exacerbation and Dayo#A2recovery from the
exacerbation. Variable on the y-axis are total @bill counts (x19. Extreme outliers
are marked with an asterisk. There was no sigmificaange in total white cell counts

during the course of an exacerbation, p=0.845.
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10.4.5 Capillary blood gas

10.4.5.1 Pa@- Partial pressure of Oxygen in capillary blood

The Pa@did not vary significantly between baseline and Dagp= 0.158, n=16) or

during the course of an exacerbation (p=0.229). él@wr there was a trend with the

PaQ falling from baseline to Day 1 but recovered byDaTable 10.7 lists the mean

(SD) values of Pagat all visits during the study. Figure 10.5 is aterival plot

demonstrating change in the mean Pd@ing the course of an exacerbation.

Table 10.7: Capillary blood PaQevels during the course of an exacerbation of

bronchiectasis. Values are mean (Standard dev)atiddPa.

Baseline Day 1 Day 7 Day 14 Day 42
Mean Pa@ | 10.8 10.3 115 114 12.2
S;i?;fgg 2.657184| 3.272743 3.206107 2.05669  2.815402
Number 16 22 19 20 19
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Figure 10.5: Interval plot demonstrating changeni@an (95% CI) PaO2 during the
course of an exacerbation. Variables on the x-axé the time points during the
exacerbation when Pa@ capillary blood was measured i.e. baseline, Dagand 14
during the exacerbation and Day 42 on recovery fttoenexacerbation. Variable on the
y-axis is Pa@in kPa. Extreme outliers are marked with an asfterThere was no

significant change in Pa@uring the course of an exacerbation, p=0.288.
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10.4.5.2 PaCO2 - Partial pressure of Carbon dioxidapillary blood

The PaC@did not vary significantly between baseline and Rajp= 0.754, n=16) or

during the course of an exacerbation (p=0.288).

Table 10.8: Capillary blood PaGQevels during the course of an exacerbation of

bronchiectasis. Values are Mean (Standard deviaitiokPa.

Baseline Day 1 Day 7 Day 14 Day 42
Number 16 21 20 20 19
Mean PaC@ 4.7 4.6 5.8 4.8 4.6
kPa
Standard | g o) oe3| 067637 4.018698 0.475616  0.452414
Deviation
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Figure 10.6: Interval plot demonstrating changenigan (95% CI) PaCO2 during the
course of an exacerbation. Variables on the x-axés the time points during the
exacerbation when PaG@ capillary blood was measured i.e. baseline, Day and
14 during the exacerbation and Day 42 on recovemy the exacerbation. Variable on
the y-axis is PaCOin kPa. There was no significant change in Pad@ing the

course of an exacerbation, p=0.229.
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10.5 Discussion

We hypothesised that markers of inflammation witkierum increase during an
exacerbation and may be used as biomarkers of sdis€khere are currently no

validated markers in bronchiectasis to assess megpo treatment [80, 98].

CRP has previously been shown to be high at thetook an exacerbation and
reversing on treatment within 14 days [80, 83].sTfall on treatment was very
significant (9 fold) [80]. The median CRP at thesehof exacerbation in our cohort
was 9mg/L which is lower than that reported by Muyret al of 67mg/L [80]. However

patients in Murray et al cohort had failed a cowferal antibiotics and were likely to

be a sicker cohort. Most other reports have studgiatients requiring hospital

admission whilst ours was a purely outpatient st@@lyr patients may have had milder
disease as we have identified a bias in recruitnt&irteen per cent of patients in our
study showed no improvement in CRP after treatrasntompared to 9% of patients
in other reports [80]. The purpose of our study wawalidate the change in CRP
during an exacerbation and we were able to do Tifie. CRP increased significantly
between baseline and the onset of an exacerbdfibis. trend was reversed on
treatment with antibiotics. The CRP also does paotetate to lung function parameters

[181] . We were able to confirm this in our coh@rt 0.125 and p=0.437).

The mean ESR in our cohort was 58mm/hr at the efaaih exacerbation and this is
comparable to other reports of 40mm/hr [80]. ThdrERcreased significantly at the
onset of the exacerbation and reversed on treatrriftyt three per cent of patients had
improved their ESR by Day 7 of treatment and thiser significantly to 86% of

patients by Day 14. We were unable to show a sagmif correlation between ESR and

spirometric indices.
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Serum albumin levels have not previously been assem the setting of an acute
exacerbation of bronchiectasis. We were able tootstnate a significant fall in serum
albumin levels at the onset of an exacerbation. él@wtreatment did not reverse this
effect. Recovery from exacerbation is thought touody 4 weeks. The serum albumin
levels had not yet recovered at this time. Seruburaln levels may reflect local

inflammation in lungs and it is possible that tliBammation takes longer to recover
to normal levels. While elevated markers of inflaation are reduced on treatment
with antibiotics they are clearly inadequate in lihgp with persistent airway

inflammation [181, 248, 249]. Presence of elevagstemic markers of inflammation

is independent of the presence of infected spufigh][

The mean total white cell count was 6.7(LPin our study. This is lower than other
reports of 10.8+7.1(xfL). The white cell count is above normal limitsanly 0.03%

of patients in stable state. [80]. We found thabal patients had a total WCC within
normal limits at baseline. Other workers have asknowledged the change in WCC
to be marginal although significant [80]. We comfithis in our study. While noting a
trend of increased WCC at the start of an exacerband a fall on treatment we were
unable to prove statistical significance. The WCEs halso been shown to be
significantly correlated to lung function paramstéut this was not true in our cohort

[181].

The Pa@was within normal limits for 80% and Pag®as within normal limits in all
our patients. This is comparable to other repotiergin the Papwas below normal
limits in 15% of patients while the Pag@as above normal limits in 0.02% of
patients while in stable state [181]. Again the m@aQ in our cohort is comparable
to other reports of 10+6 kPa [181]. The Radd PaC®@in our study did not vary

significantly during the course of the exacerbation
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In steady state patients colonizedRgeudomonakave significantly lower PaO2 than
patients not colonized [109]. There was no sigaiitadifference in our cohort between
patients carrying°Pseudomonaand those that were not (p=0.617). Perhaps théaum

of patients in our study was too small to make toisiparison.

CRP and ESR are robust markers of inflammation lood and can be used as
biomarkers in therapeutic trials. Serum albumin,@Y€aQ and PaC@are not useful
parameters to predict the onset of an exacerbatidhereafter measure response to

treatment.
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Chapter 11

Cytokines in sputa and sera of patients with bronciectasis in the COBEX
study

11.1  Introduction

The pathogenesis of bronchiectasis remains poorgerstood. Three distinct
pathogenic elements, namely infection, inflammatmal enzymatic actions, interact
with each other and have been implicated in thgmitysiology of bronchiectasis .
When exposed to bacterial endotoxin, bronchialheil cells release inflammatory
mediators Some of these mediators are proinflammpaind others anti-inflammatory.
Among the proinflammatory mediatdrsrolved, IL-8, IL-13, and TNFe play a role

favouringthe trafficking of activated neutrophils througle tbronchiawall into the

bronchial lumen. The anti-inflammatory mediators@llandlL-10 act as a counterpart
of proinflammatorynediators by promoting the synthesis of naturahgoistsIL-13

and TNFe [127]. Intense neutrophil infiltration into theatheo-bronchial tree occurs
as a result which further aggravates the releasafl@mmatory mediators. Human
airway epithelial cells also produce ET-1, whimlomotes neutrophil adhesion to

endothelial cells [166].

Airway inflammatory response triggered by bactesid@hulation may be excessive in
relation to the bacterial burden indicatifg continues to reverberate eveneafthe

infection is controlled. The altered homeostasis of airway mfizatory response to
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bacterial infection in the dynamic process of hpathogen interaction dictates the

clinical manifestations of the lung disease [16&/]1

Finally neutrophil toxic products impair the stiwe and functioning of the airway
mucosa by digesting airway elastin, basement membcallagen and proteoglycan,

contributing in this way to the progression of tigease.

11.2  Tumour necrosis factor (TNFa) and Interferon y (IF y) in bronchiectasis.

TNF-o is a proinflammatory cytokine synthesized and etect by monocytes and
macrophages. It has a range of properties, sudhemo attraction of neutrophils at
the site of inflammation and up regulation of tkxpression of other chemokines with
a function similar to that of IL-8.It is generalfccepted that TNE-is an essential
mediator in the inflammatory cascade of a rangkimd diseases and that it is able to
serve as a marker of progression or prognosis fitainediseases such as pneumonia
and cystic fibrosis [258, 271-274]. In steady statenchiectasis, sputum neutrophil
elastase levels correlate with the per centagesofrophils, TNFe. and 24-h sputum
volume that is a marker of disease activity [1669]1 Neutrophilic infiltration into
bronchiectatic airways is also mediated by tumcecrosis factor e [6, 172]. This
causes release of toxic products such as neutrelaisilase (NE), metalloproteases and
reactive oxygen species. Because of the large nuwibeeutrophils present, lung
defences are overwhelmed [2, 172, 173]. Patients miore advanced disease have
more inflammation within the airway. Levels of TNFare higher in broncho-alveolar

lavage fluid of these patients [127].

IFN-y is a cytokine that is critical for innate and atilag immunity against viral and

intracellular bacterial infections. Aberrant IRNexpression is associated with a
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number of auto inflammatory diseases. The impodaridFN+ in the immune system
stems in part from its ability to inhibit viral rikgation directly and most importantly
from its immunostimulatory and immunomodulatory eefs. IFNy is produced
predominantly by natural killer (NK) and naturallés T (NKT) cells as part of the
innate immune response, and by cytotoxic T lympl®@glls once antigen-specific
immunity develops. Non-typable Haemophilus influsmzis a major cause of
respiratory tract infection especially in chronibstructive pulmonary disease and
bronchiectasis. The primary factor that determiwagther clinical disease occurs or
not is the nature of the lymphocyte response. Wiallenged with non-typable.
influenzae patients witbronchiectasis put out lower levels of fHevels, suggesting
that CTL and NK cell responses are important irv@néing disease from non-typable
H. influenzaenfection [275]. Interferon-gamma “trafficking" &lso thought to play a
central role in non-tuberculous mycobacterial ititet associated with bronchiectasis

[276].

11.3  IL-1p, IL-6, IL-8, IL-10, IL-17 and bronchiectasis

Interleukin-B (IL-1B) is a cytokine produced by activated macrophagesaa
proprotein, and is an important mediator of théamimatory response involved in a

variety of cellular activities, including cell pifdration, differentiation, and apoptosis.

Interleukin-6 (IL-6) is an interleukin that acts beth a pro-inflammatory and anti-
inflammatory cytokine. It is secreted by T cellglanacrophages to stimulate immune

response to inflammation. In terms of host respdose foreign pathogen, IL-6 has
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been shown, in mice, to be required for resistaganstStreptococcus pneumoniae

[277].

Interleukin-8 (IL-8) is a cytokine produced by maghages and other cell types such
as epithelial cells. Its primary function is thelirction of chemotaxis in its target cells

(e.g. neutrophil granulocytes).

Interleukin-10 (IL-10) is an anti-inflammatory c¥{ioe. It is produced primarily by
monocytes and to a lesser extent by lymphocyteis. Gittokine has pleiotropic effects
in immunoregulation and inflammation. It enhancesdll survival, proliferation, and
antibody production. It is capable of inhibiting nélyesis of pro-inflammatory
cytokines like IFNy, IL-2, IL-3, TNFo and GM-CSF made by cells such as
macrophages and regulatory T-cells. IL-10 alsoldigppotent abilities to suppress the

antigen presentation capacity of antigen presemigtlg.

Interleukin 17 (IL-17) is a cytokine that acts apaent mediator in delayed — type
reactions by increasing cytokine production in @asi tissues to recruit monocytes and
neutrophils to the site of inflammation, similar toterferon gamma. IL- 17 is
produced by T helper cells. IL-17 functions as aimftammatory cytokine that
responds to the invasion of the immune system Inaeallular pathogens and induces
destruction of the pathogen’s cellular matrix. [Z-&cts synergistically with tumour

necrosis factoo and Interleukin-1.

Neutrophilic infiltration into bronchiectatic airwa is mediated by various agents
such as host complement factor 5a (C5a), leukariR{LTB,), IL-8 and IL1, tumour

necrosis factor e- and leukotriene (LT) B[6, 172]. These cause release of toxic
products such as neutrophil elastase (NE), metaltepses and reactive oxygen

species. Because of the large number of neutrophidsent, lung defences are
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overwhelmed [2, 172, 173]. Activated neutrophilsndt differentiate between bacteria
and bystander lung tissue. While individual cyta@drhave different actions, there may
well be an overlap in function. IL-8 is onetb&é most potent chemoattractants which
also degranulates neutrophitsbronchiectatic airways [71]. TNé&- and IL-1 have
been shown to induce the breakdown of tight jumstin the blood/brain barrier in
vivo [174]. A combination of anti-TNF and anti-ILdntibodies completely neutralized
cell separation in the vascular endothelium thatinduced by Streptococcus

pneumoniagl?5].

Exacerbations are associated with elevated inflaioman the form of augmented
cytokine expression, cellular infiltrate, adhesimmlecule expression, loss of lung
function and symptomatic deterioration [177]. inaesrbations of (COPD), the
systemic inflammatory response is proportionaliat occurring in the lower airways
and greater in the presence of a bacterial pathobyemarticular serum IL-6 is
correlated significantly to sputum IL-8 [179]. Thims not previously been studied
formally in bronchiectasis. Most studies have eatdd these mediators in stable state
disease. Investigating these biomarkers has thenfialt to yield information about
underlying mechanisms of disease and aid developrokrtherapeutic strategies

[71, 81].
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11.4 Aims

We wished to investigate the interrelationship lest concentrations of serum and

sputum inflammatory markers in steady state brauthsis.

The following markers were studied: IRNTNF-a IL-6, IL-8, IL-10, IL-17 and IL-B.

We hypothesised that the inflammatory burden wdnldease at exacerbation and

wished to follow the inflammatory markers longitodily through the exacerbation.

11.5 Methods

Serum and sputum samples were collected at the 8ameduring the visit. Not all
patients were able to provide sputa at the timéheir study visit. When provided,
samples were not always adequate for microbiolbgiod cytokine analysis. Samples

analysis is described in Appendix iv.

Supernatant cytokine was analyzed with the Biopleotein Array system using beads
specific for IFNy, TNF- IL-6, IL-8, IL-10, IL-17 and IL-B according to the
manufacturer’s instructions. The detection limit folB, 6, 8, 10, 17 and TNE-was
1pg/ml. This was kindly done for us by Mrs Kareno®n at the Immunology

Department laboratory at Papworth Hospital.

The limits of detection were 0.7pg/ml (IL-6), 10pd/(IL-8), 3.9 pg/ml IL-B, and

15.7 pg/ml TNFe.
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11.6  Statistical analysis

Normally distributed data is presented as meanandstrd deviation, whilst non-
parametric data were expressed as median and dutartile ranges. Normally
distributed continuous variables were compared bgst; otherwise the differences
were assessed by the Mann-Whitney U test. Variarae measured using ANOVAs
and general linear model. Correlation was analys#dg Spearman’s Rho. Analysis
was performed using SPSS and Minitab 15 softwaignif®ance was assumed if

p<0.05.
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11.7 Results

Stable state bronchiectasis

Thirty six patients had sputa analysed while ordypatients had simultaneous serum

samples analysed in stable state.

We investigated the interrelationship between seroffammatory markers using
Spearman rank correlations, corrected for multigbenparisons. This resulted in a

matrix of 135 correlations.

Sputum IL-B was significantly correlated to the ESR (r= 0.5@50.004) and CRP
(r=0.680, p=0.000). We were unable to obtain anyewtsignificant relationship

between sputum and serum inflammatory markers.

There was a significant interrelationship betweemynserum inflammatory markers.

TNF-a was significantly correlated to serum IL-8 (r=063$=0.045), IL-6 (r=0.946,

p=0.000) and IL-@ (r=0.366, p=0.047).

Serum IL-8 was also significantly correlated to GL{r=0.506, p=0.005) and

IL-17 (r=0.605, p=0.001).

Serum IFNy was significantly correlated to serum IL-17 (r=267 p=0.000)

There was a significant interrelationship betweemynsputum inflammatory markers.

Sputum IL-8 was significantly correlated to sputlidF-o. (r=0.339, p=0.043), IL-10

(r=0.471, p=0.004) and ILL(r=0.432, p=0.009)
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Sputum TNFe was significantly correlated to sputum IL-6 (r=094 p=0.003),

IL-10 (r=0.473, p=0.004), and ILBL(r=0.457, p=0.005).

Sputum IL-6 and IL-10 were significantly correlat@d0.346, p=0.039).

In particular EBC pH did not significantly corredato any marker of inflammation.

Sputum IL-10 was significantly correlated to BadDroom air (r=0.388, p=0.042).

Acute exacerbation of bronchiectasis

Twenty-two of these patients were screened atithe of an acute exacerbation. No
significant change was noted in any of the inflanramamarkers in serum globally

during the exacerbation.

Table 11.1 summarises the change in soluble madféndlammation in serum during

the course of the exacerbation - IFNFNF-u; IL-6; IL-8; IL-10; IL-17; IL-1p.

TNF-a, IL-8 and IL-1B levels in sputum significantly changed during tioeirse of the
exacerbation. Levels of these markers increasBawgtl and fell to normal levels only

by Day 14 on completion of treatment.

Table 11.2 summarises the change in markers afnmfiation in sputum during the

course of the exacerbation - IRNTNF-u; IL-6; IL-8; IL-10; IL-17; IL-1.

There was no significant correlation between marlarinflammation is serum and
sputum either in stable state or during the exatin. Table 11.3 lists the Spearman’s
correlation coefficient and significance levels &ach of the measured inflammatory

markers in serum and sputum.
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Table 11.1: Changes in median (IQR) levels of cyie& in serum during an

exacerbation of bronchiectasis. Bioplex (pg/ml).

Cytokine | Baseline Day 1 Day 7 Day 14 Day 42 p value
Median (Interquartile rang
Number of 11 20 2C 20 19
patients
Interferor- 1(7) 2(8.75 2(2) 1(3.25 2(9) 0.99:
Y
Number of
patients 11 20 20 20 19
TNF-o 7(2) 8[261] 8(1) 7(1.75 8(2) 0.66¢
Number of
patients 11 20 20 20 19
IL-1B 1(0) 1(0.75 1(0) 1(0) 1(0) NA
Number of
patients 11 20 20 20 19
IL-6 3(9) 7(18.25 | 4(4.75 3(4) 4(4) 0.181
Number of 10 20 2C 20 19
patients
IL-8 12(11.5 | 15(20.2 | 15(14.2 | 10(7.2 12(2) 0.067
Number of 11 20 2C 20 19
patients
IL-10 5[261] | 5.5(12.5 | 5(3.75 5(2) 5(4) 0.18¢
Number of 11 20 2C 20 18
patients
IL-17 1(4) 2(3.75 1535 | 1(4.25 | 1(6.75 0.98¢
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Table 11.2:Change in median levels of cytokines in sputumrduthe course of an

exacerbation. [Bioplex (pg/ml)]. NA- not applicable

p
Cytokine Baseline Day 1 Day 7 Day 14 Day 42 | value
Median (Interquartile rang

Number of| 7 20 18 19 15

patients
'”ter;em”' 1(0) 1(0) 1(0) 1(0) 10) | NA
Number of

patients 17 20 18 19 15

TNF-o 8(20 23(93.8 | 4.5(16.75 2(9) 6(300 | 0.00<
Number of

patients 17 20 18 19 15

IL-1B 8(23.5 44(134 11(25 6(22 12(46 0.03(
Number of

patients 17 20 18 19 15

IL-6 47(279 | 181(308 | 97(168 | 114(138 | 88(237 | 0.64¢
Number of 17 2C 18 19 15

patients

IL-8 1081« 1631¢ 1271« 659( 1640( 0.04(

(9902) (15888) (16110) (13480) (14393)

Number of 17 2C 18 19 15

patients

IL-10 1(1.5 1(9.8 1(0) 1(0) 1(0) 0.47:
Number of 17 2C 18 18 15

patients

IL-17 1(0) 1(0) 1(0) 1(0) 1(0) NA

237



Table 11.3: Pearson’s correlation coefficient aighificance levels for sputum and

serum cytokines.

Cytokine Baseline Day 1 Day 7 Day 14 Day 42
Interferony
Cor(e_latioln’ . -0.091 . . .
coefficient ‘r
p value * 0.70¢ * * *
TNF-a
Correlation 0.498 0.042 0.474 0.450 0.240
coefficient ‘r
p value 0.14: 0.86: 0.047 0.05: 0.39(
IL-1B
Correlation -0.157 -0.013 -0.042 0.257 *
coefficient ‘r
p value 0.66¢ 0.95¢ 0.86¢ 0.28¢ *
IL-6
Correlation 0.185 -0.164 -0.291 0.045 -0.177
coefficient ‘r
p value 0.61( 0.49( 0.24: 0.85¢ 0.52¢
IL-8
Correlation
coefficient 'r 0.286 0.068 0.229 -0.097 -0.238
p value 0.45¢ 0.77¢ 0.362 0.69: 0.39:
IL-10
Correlation 0.121 -0.029 -0.227 -0.038 -0.087
coefficient ‘r
p value 0.74( 0.90: 0.36¢ 0.871 0.75¢
IL-17
Correlation * -0.051 -0.078 -0.147 *
coefficient ‘r
p value * 0.83( 0.757 0.56: *

*Values identical (not detectable <1pg/ml) and Beals correlation co-efficient not
valid
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11.8 Discussion

Patients with bronchiectasis show a minimal systeimilammatory response, with
poor correlations between systemic and bronchiflariinmatory mediators. This
suggests that the inflammatory process is mostigpastmentalized [127]. Our study
was able to confirm this. We studied 7 inflammatargrkers in sputa and serum. Only
sputum IL-B was significantly correlated to CRP and ESR. Wan&bno correlation
between any of the other measured individual markesputum and serum. In COPD
the systemic inflammatory response is proporticiwakhat occurring in the lower
airways. In particular serum IL8 is significantlpreelated to sputum IL-8 [179].
Although there is similar neutrophilic inflammatiam bronchiectasis, we were unable
to find a significant correlation between serum apmltum IL-8; r= 0.133 and
p = 0.577. Also at the onset of an exacerbatioB@PD Serum IL-6 has been shown
to be significantly correlated to CRP [179]. We dit find this to be true in our cohort

(r=0.072, p=0.720).

The pro and anti-inflammatory mediators showed gnificant correlation within
compartments. The IL-6 and IL-10 were significartttyrelated as would be expected.

The TNFe, IL-1p and IL-8 were significantly correlated to eachesth

Serum levels of most inflammatory markers othentta8 remained low at all times.
This is in keeping with other reports [178]. Duritlge exacerbation we found no

significant change in any of the measured inflanamyatarkers.

Most importantly, all the 7 measured markers ofimimation in sputa - IFN; TNF-o

IL-6, IL-8, IL-10, IL-17 and IL-B increased from baseline to Day 1 and fell on
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treatment. However only TN&; IL-8, and IL-13 changed significantly during the

course of the exacerbation.

We had also hypothesised that exhaled breath ceatiepH may worsen during an
exacerbation and may be correlated to markersflanimation. We were unable to
find a significant correlation between exhaled threandensate pH and either sputum

or serum inflammatory markers.

Inflammation in the airways that is exaggeratedtiy presence of PPM, and the
higher the bacterial load the more intense theainfhation [127]. The number of
patients in our study was unfortunately too smaltétect change in levels between
patients colonised with PPMs and those without @ndompare markers to the total

bacterial load.

Sputum TNFe, IL-8, and IL-13 are important mediators of inflammation and change
significantly during the course of an exacerbatife would recommend their use as

biomarkers in future therapeutic trials.
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Chapter 12

Summary and Discussion for future work

12.1 Summary

This study was designed to allow identificationttod key outcome measures in acute
exacerbations and provide critical endpoint datatie powering future interventional

studies.

Symptoms of cough, breathlessness, chest paint diseesmfort, volume of sputum,
colour of sputum and fatigue when measured on aalignalogue scale vary
significantly during the course of an exacerbatidn. simple Modified Borgs’

breathlessness score was equally effective in giiedichange at this time. Either or

both these would be effective tools in any therépetial

HR-QoL as measured by the Euroqgol questionnaivsé$ul in predicting the onset of
an exacerbation and improvement from thereof. titie consuming but will be a very

useful marker in any interventional study.

In steady state bronchiectasis Impulse Oscillomésryat least as effective as
conventional spirometry and is likely to cause léis¢ress to the patient. Forced vital

capacity actual is the only spirometric index liked be of use in the trail setting.

Sputum appearance alone changes significantly froncoid or mucopurulent to
purulent at the onset of an exacerbation. Ideatifim of a new PPM is common and
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can predict the onset of an exacerbation. Microbiehrance in sputum occurs on

appropriate treatment.

C-reactive protein has once again proven itselba¢ca useful marker of disease. It
remains an essential tool in any therapeutic chgdle ESR and serum albumin can

predict the onset of an exacerbation but are nasefin assessing improvement.

Sputum levels of TNk IL-8 and IL-3 are effective indicators and can be

recommended for use as end points in therapeuéo/entional trials.

12.2  Discussion for future work

Several studies have investigated markers of inflation in the blood as indicators of
the intensity of the host response to pulmonargdidns and have used them to
evaluate the efficacy of antibiotic treatment ipurative lung disease [246, 249, 265,
278, 279]. These markers are shown to correlatiisemse severity. Other studies have
assessed response of clinical parameters to treatmwigh antibiotics [80, 83].
However there remains paucity in the literaturstatlies validating end points prior to

engaging in a trial of therapy.

It would be prudent to start by defining the clalicstate that needs investigation.
Currently stable state bronchiectasis, which wdaddthe baseline for all valedictory
studies, remains poorly defined. Some authors e meek infection free period as a
definition [181] while others prefer non specifiesdriptions such as “ less than 20%
volume change in sputum in the last 24 hours veithk lof decline in lung volumes and

clinical parameters” [71]. Some falil to specifyteria altogether [27]. We have used a
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4 week infection free period as stable state withiis study. A similar ambiguity
exists in defining an exacerbation of bronchiestagls previously described in
Chapter 1 there is no standard definition to prdaa@® A consensus must be reached
on defining the clinical state, so trialling theyagoes not fall prey to confounding

factors.

Simple bedside evaluations of symptoms in our stugye provided very significant
results. Most studies so far have used either gindc indices or more complicated
inflammatory markers in blood to assess diseasechadge therein. Perhaps looking
out for simpler techniques may continue to giveadequate answers in the future. We
would recommend that the visual analogue scoreliioical symptoms as described in
Chapter 3 and a modified Borg's breathlessnessesiberused in all future studies

looking at therapeutic interventions.

No validated HR-QoL questionnaire is currently &alsle for exacerbations of
bronchiectasis. It is assumed that a questionnadliglated for stable state disease
would be useful in exacerbations. Various questineis have been employed in

therapeutic trials. These include the chronic respiy disease questionnaire [83].

and the St Georges respiratory questionnaire [8f@jral validation of a HR-QoL in

exacerbations of bronchiectasis is desirable.

In Chapter 6, we were surprised to find that FEAhd FEM % predicted were

unchanged at the time of an exacerbation. Only RGolute was affected by the
exacerbation. We feel that the small number ofepati in our study might have
hindered a more meaningful response. We wouldttkeee a larger study in a similar

fashion prior to accepting this result finally.
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Impulse Oscillometry is new on the horizon andas widely used as yet. Clearly the
first step would be to promote familiarity with thest itself. We have shown that it
significantly correlates to spirometric indicessitable disease. We have not validated
this formally in the exacerbation cohort. But atiggg comfort is very important, use

of 10S frequently in the research setting is tebeouraged.

Exhaled breath condensate pH failed to prove usefalur hands. However having
demonstrated a difference between the study coaod healthy individuals, it
continues to hold promise. Our methodology may Hzeen inadequate and numbers
small, we would therefore like to see a similadgtwith a larger population. We also
await further analysis of the stored condensategha hope that it may yield a

thumbprint for bronchiectasis.

Microbial prevalence and clearance is central tmbhiectasis [17, 80]. However most
descriptions are of bacterial disease and withig ¢inoup of potentially pathogenic
micro-organisms. There is very limited mention ofrenensals or upper respiratory
tract flora. It is uncertain if this would add tbet bacterial load quantitatively and
hence to pathogenesis. The microbial balance withénlung milieu is unexplained.
Also there is very little evidence of viral infemtis in bronchiectasis. Significant
morbidity has previously been described when ptiefith bronchiectasis are exposed
to Rhinovirus, Corona virus and Respiratory syradwirus infections. Transmission
from close contacts is well documented. Respiratact symptoms following

exposure to the virus is comparatively severe ésdhpatients [280].

The epithelium of the respiratory tract forms agéarsurface area that maintains
intimate contact with the environment. In respotusthese challenges many strategies

have evolved to protect the host. These includé#nger functions of the epithelium,
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cough, mucociliary clearance, resident professiphalgocytes, and the secretion of a
number of proteins and peptides with host defemretfons. The surface and sub
mucosal gland epithelium of the conducting airwdgsa constitutive primary
participant in innate immunity. In the near futunegre research is required to better
understand the signalling mechanisms for innate imaresponses and the nature of
any deficiencies in innate immunity associated viitbnchiectasis. The capacity of
cytokines to precisely control the movement of dnfimatory cells into inflamed
airways suggests that cytokines and their receptoirght provide targets for
therapeutic treatment to modulate airway inflamomatiin order to prevent further

deterioration in lung function and to better cohtymptoms [166, 281].

The presumed triggering events of bronchiectasie amore common than
bronchiectasis itself. It is therefore important uoderstand why some individuals
exposed to a triggering event develop permanentaganteading to bronchiectasis
while others do not. Similarly, identification ofisk factors related to disease
progression, particularly in children, is of pautir clinical importance since this can

allow for early intervention and so minimise loreg¥h morbidity and mortality [166].

Therapeutic policy at our centre includes the adstistion of prophylactic antibiotics.
This may have interfered with some of our resuéigtipularly in the microbiological
aspects of our study. Perhaps a naive populatignymetd different or more powerful
results than ours. It would be sensible for fussitalies to set this out in the inclusion

criteria.

We acknowledge a bias in our study cohort. We tHimkt the patients we have
recruited may not be very ‘sick’ and hence our ltesmay be underestimating the

reality. We also note the small number of patightt were followed through the

245



exacerbation (n=22). A larger study with a mixedhad of severe and less severe
would be useful to validate our results. Also ngiaties are done on local populations
[3, 27, 71]. However the audience remains inteomati. It would be useful to set up a
task force to facilitate multicentre studies. Thidll also ensure that efficacy is

standard across populations.

Finally, an effort at new strategies in the manageinof bronchiectasis is constantly
on [282]. We hope to have provided important infation in establishing an effective

foundation on which therapeurtic trails can be built
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Appendix i

Papworth Hospital

Papworth Everard NHS Foundation Trust
Cambridge
Cambridge
CB3 8RE Papworth Hospital
Papworth Everard
Cambridge
CB3 8RE

01 August 2006

Tel: 01480 830541
Fax: 01480 831315
www.papworth-hospital.org.uk

Dear Dr. Bilton

Characterisation of acute exacerbations in non-CF bronchiectasis to establish
measures of treatment success to facilitate design of interventional studies

R&D Ref: P0O1096
MREC Ref: 06/Q0104/33

| am writing to confirm that the above project has been reviewed by Papworth Hospital NHS
Trust and has approval to proceed. Documents reviewed were those listed below:

- REC Application Version 5.1 Date 06.03.06
-~ Protocol Version 1.0 Date 06.03.06
— Participant Information Sheet Version 3.0  Date 25.07.06
— Participant Consent Form Version 3.0 Date 25.07.06
— GP/Consultant Information Sheet Version 1.0 Date 06.03.06

You are reminded that the study must follow the approved protocol and that any proposed
amendments must be submitted for review by both the Trust and the Research Ethics
Committee. Submission for both reviews should be made via the R&D Office (c/o Donna
Griggs).

Please ensure that any unexpected serious adverse events are reported immediately by fax
to the R&D Unit on 01480 831450.

Approval is subject to compliance with the Trust Policy and Procedures on Research
Governance which can be found on the Intranet. You are also required to comply in a timely
manner with the project monitoring and auditing requirements of the Trust and may be asked
to provide non-confidential information on the outputs and impact of the research.

The Medicines for Human Use [Clinical Trials] Regulations 2004 require that medicinal trials
are conducted in compliance with Good Clinical Practice as defined by the International
Conference on Harmonisation (i.e. ICH GCP). Although the regulations only apply to
medicinal trials, the Trust has a fundamental duty of care to all patients and the R&D Planning
Group has therefore decided that all invasive studies should be conducted to GCP standard.
You are therefore required to conduct this project to GCP standard. Please contact the R&D
Unit if you require further information about GCP or practical support to ensure compliance.

@

INVESTOR IN PEOPLE

A University of Cambridge Teaching Hospital

262



Please sign and date the enclosed copy of this letter and return to the R&D Unit (c/o Donna
Griggs) to confirm your compliance with the Trust Policy and Procedures on Research
Governance.

Yours sincerely

Alison Wooster
Senior R&D Manager

Carbon copy:  Jane Elliott (R&D Unit),iDr Supriya:Sundaram
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12 February 2008

Miss Jane Elliott
Research Officer
R&D Department
Papworth Hospital
Papworth Everard
Cambridge

CB23 3RE

Dear Jane

Study title:

REC reference:

Amendment number: ;

Amendment date:

Appendix ii

NHS

National Research Ethics Service

Cambridgeshire 1 Research Ethics Committee
(formerly Huntingdon Research Ethics Committee)

Victoria House

Capital Park

FULBOURN

Cambridge

CB21 5XB

Telephone: 01223 597656

Facsimile: 01223 597645

Characterisation of acute exacerbations in non-CF
bronchiectasis to establish measures of treatment
success to facilitate design of interventional studies
06/Q0104/33

Amendment 2
10 January 2008

Thank you for submitting the above amendment which was received on 06 February 2008. |
can confirm that this is a valid notice of a substantial amendment, subject to receiving a

the sponsor such as

at its next meeting.

Documents received

mendment form signed by the Chief Investigator or a representative of
yourself, and that it will be reviewed by the Sub-Committee of the REC

The documents to be reviewed are as follows:

Document Version [ Date
Protocol 2 [10 January 2008
,iarﬁcipam Information Sheet: Healthy volunteer 1 10 January 2008

Participant Consent Form: Healthy volunteer

Notice of Substantial Amendment (non-CTIMPs)

[1 14 November 2007
|Amendment 2 10 January 2008

Notification of the Committee’s decision

The Committee will issue an ethical opinion on the amendment within a maximum of 35 days

from the date of receipt.

This Research Ethics Committee is an advisory committee to East of England Strategic Health Authority

The National Research Ethics Service (NRES) represents the NRES Directorate within
the National Patient Safety Agency and Research Ethics Committees in England
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06/Q0104/33

R&D approval

12 February 2008 Page 2 of 2

All investigators and research collaborators in the NHS should notify the R&D office for the
relevant NHS care organisation of this amendment and check whether it affects R&D

approval for the research.

| 06/Q0104/33:

Please quote this number on all correspondence

Yo incerely

Robin Scovil
REC Assistant Administrator

E-mail: robin.scovil@eoe.nhs.uk
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Appendix iii

Clinical Record Form — Please see attached PDF
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Appendix iv

Methodology of analysis of sputa

Sputum samples were collected at each visit. Theisgn was then divided into three
parts — Two samples were a hundred microlitre aligach (Samples A&B) and the

third was a three hundred microlitre aliquot (Saanp).

Sample A

A 100 micro litre aliquot of sputum was taken freime fresh sample. Three volumes of
phosphate buffered saline were added to theseoaligihis mixture was gently mixed
using a pipette. The sample was ultra-centrifugesDg000rpm for 90 min at°g in a
Beckman JA 25.50 fused angle rotor centrifuge (Beuk Instrument Inc., USA). The
sol phase was removed with a pipette and stored8@C. {Aliquots of the
homogenized sputum were added to an eplaime of glycerol broth (20% glycerol

in nutrient broth) andtored at —80°C for future use}.

Sample B

A further 100 micro litre aliquot was homogenisedtwan equal volume of 0.1%
dithiothreitol (DTT, Pro-Lab Diagnostics, NestonK)J This sample was vortexed for
5-10 seconds and then stood for 30 minutes 4&.37 was then vortexed again for 5-
10 seconds. Using a 10 micro litre loop, a direeear of sputum was made on a glass
slide, allowed to dry and fixed in methanol forlastaining and reading.

Ten microliters of sample B was then used to inmteub Sabouraud agar. This was
incubated in an atmosphere of air atG7This was read at 24 and 48 hours and then in
3 days. The homogenized specimas further diluted to 1 in 100 in sterile distille

water(SDW). It was then inoculated by hand onto BloochAdChocolate Agar, Cled
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medium (Cysteine Lactose Electrolyte Deficient agard MSA (Mannitol Salt agar)

plates each.

Identification of bacteria was done using standaethods including the 20NE test,
the Oxidase test , the catalase test, tributritn @sagulase test, procedure for X and V
factors, the optochin and bacitracin tests. Falories of each organism identified
were selected and each individual colony was stilbad onHBA, suspended in
glycerol broth and stored on sterile glasads at —80°C. Bacteriological media were
provided by Oxoid Ltd, Basingstoke, UK and the A used for the identification of
P.aeruginosavas from Biomerieux, Basingstoke, UK.

Microorganisms with potential pathogenicity desedb include Pseudomonas
aeruginosa Streptococcus pneumonjaeHaemophilus influenzae Moraxella
catarrhalis Stenotrophomonas maltophil&taphylococcus aureugichromobacter
xylosoxidansand Coliform species.

The homogenized specimeras further diluted 1 in 200 and 1 in 20000 in ikter
distilled water (SDW) for quantitative studies. T microlitres of each dilution was
then inoculated by hand onto Blood agar, Chocagte, PCF@nd MSA plates using
a hockey stick to spread the inoculums. Blood ahdoGlate Agar were incubated for
48 hours in an atmosphere of air + 5%CO02 at 37¢Ctha Cled, PCFC and MSA in
an atmosphere of air at 37degrees centigrade. Tplates were read at 24 and 48
hours.

Total viable counts of bacteria were calculatednftbe growtton these plates. Results
were expressed in colony forming units per mitdit(cfu/ml). Only pathogens with

count>10°cfu/ml were regarded as significant.
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Sample C

Three hundred microlitres of sputum was homogenigitil 4 volumes of 0.1% DTT.
The sample was gently mixed with a pipette. It trees left to stand for 15 minutes at
37 °C. Four volumes of Phosphate buffered salineween added to this mixture. The
sample was gently mixed again. The mixture wasréid through 60 micrometer nylon
gauze. The solution was then centrifuged at 1800i@nil0 minutes in a Heraeus
Biofuge fresco centrifuge [DJB labcare UK]. Two lpved microlitre aliquots of the
supernatant were then aspirated. Inhibitors wededdo samples before freezing at -
80°C. For Neutrophil elatase assay. To each empérad 1l of freshly prepared
mixture of No-p-Tosyl-L-lysine chloromethyl ketone hydrochloridg€LCK) which
inhibits trypsin-like activity and ethylene diarsittetra-acetic acid (EDTA) to inhibit
metalloprotease activity anqui3of z-phe-diphenlyphosphonate (inhibits chymotigips
like activity) was added. For Cytokine Assay: Taleappendorf a |8 of freshly
prepared mixture of TLCK and EDTA (1.1 ratio by uwmoie), 21 z-phe-
diphenlyphosphonate andpul2 methoxysuccinylAAPV-CMK (neutrophil elastase

inhibitor) was added.
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