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ABSTRACT

Background: 'Bronchiectasis' is usually a progressive disease defined as bronchial dilatation, with

or without associated bronchial wall and lung parenchymal damage, and classically with pus in the

bronchial lumen. There is no knowledge on the prevalence, aetiology, and severity of paediatric

bronchiectasis in New Zealand. Primary ciliary dyskinesia (PCD) is an inherited disorder that can

cause bronchiectasis and is characterised by specific structural ciliary abnormalities leading to

impaired ciliary motility. lt has been suggested that ciliary abnormalities may predispose Maori and

Pacific lsland people to bronchiectasis, but appropriate expertise and non-invasive technology to

accurately investigate the condition has not been available in New Zealand. Additionally the

exhaled gas nitric oxide (NO), a non-invasive marker of some types of airway inflammation, has

been suggested as a useful screening test for PCD. The aims of this thesis were to:

1. Define the demographics, causes, and severity of the known paediatric bronchiectasis

population of Auckland.

2. Establish a method for detecting primary and secondary ciliary dysfunction.

3. Explore non-invasive methods for differentiating primary and secondary ciliary disease.

4. Determine the prevalence of PCD in paediatric bronchiectasis in Auckland.

Methods: Observations were made on children with bronchiectasis who attended the Starship

Children's Hospital, and a cohort of healthy children recruited from local Auckland schools. A

retrospective review of the demographics and radiology scores (CXR and HRCT scan) as a

measure of disease severity was made. The results were compiled into a bronchiectasis database

and a measure of socio-economic factors (NZDep96 index) was incorporated. Equipment was

created for the photometric method of assessment of ciliary beat frequency (CBF). After piloting, 3

prospective studies were undertaken to evaluate skin prick allergy tests, exhaled and nasal NO,

lung function and a nasal brushing for assessment of CBF and ultrastructural analysis in the normal

and diseased children.

Resulfs.' The estimated prevalence of paediatric bronchiectasis in Auckland was -2110,000 and

was disproportionately more common in the Pacific lsland (6.3/10,000) and Maori children

(2.8/10,000). Eighty eight percent of cases had bilateral disease, and 64% had 4 or more lobes

involved. There was a wide range of presumed aetiologies but over half remained undiagnosed

despite extensive investigation. The median duration of symptoms before diagnosis was 3.2 years,

and a median of 4 respiratory admissions pre-diagnosis. The NZDep96 index suggested

significant associated socio-economic deprivation. A non-invasive protocol to brush nasal

epithelium and the technology to assess CBF was created and piloted. Ethnic normal values were

established for NO and CBF for healthy European and Pacific lsland children. lnsufficient Maori

children could be recruited. CBF and NO values were not low and comparable with frequencies

reported internationally using similar methodologies. Exhaled NO levels did not differ significantly

between the children with bronchiectasis and controls. or between the bronchiectatic children who

were and were not prescribed inhaled steroids. However CBF and nasal NO were lower in the

children with bronchiectasis than controls. The percentage of abnormal ciliary structural defects in

the control children was 3 times higher than reported controls, with no difference across ethnic
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groups. Similar abnormalities were seen in the children with bronchiectasis. These abnormalities

were central microtubule defects, tubular additions or deletions, and partial dynein arm defects. ln

the individual children with bronchiectasis who had low CBF and nasal NO, no single primary ciliary

defect was identified to conclusively diagnose PCD.

Conclusions; Paediatric bronchiectasis is common and severe in Auckland. New Zealand but the

condition has been neglected in terms of recognition. lt is hoped that the establishment of a
bronchiectasis database for children will not only facilitate collaborative research but also act as a

template for a national bronchiectasis database for New Zealand, which can be used to support

applications for health resources and funding. lmportantly the thesis has resulted in a non-invasive

method for assessing ciliary structure and function that could be used to investigate New Zealand

children and adults. A wide variety of ciliary abnormalities were found in the New Zealand children

that were most likely secondary phenomena, and the incidence of PCD in the population examined,

if present, is small. More work is needed to increase the ciliary structural and functional 'libraqy' for

New Zealand children, and particularly for Maori children who were under assessed in this work.

The possibility of another vulnerability factor, as yet not identified, either of innate immunity or

airway defences may still underlie the high prevalence of bronchiectasis in New Zealand.
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CHAPTER 1

lntroduction

"The organic lesion which I am now to notice seems to have been hitherto entirely overlooked, both

by the anatomist and the practitioner." These are the opening remarks by Laennec in 1819

(Brossen, 1819), when he first described his pathologic discovery of dilatation of the bronchi.

Elaine Field wrote that if the word 'entirely' were replaced by 'frequently', then his remark might well

apply to paediatric bronchiectasis in her time (Field, 1949). lt is sad to reflect that this statement

may stilf apply to the recognition of childhood bronchiectasis in New Zealand today.

'Bronchiectasis' originates from Greek literally meaning 'stretching of the windpipe'. lt is a

progressive disease defined pathologically as bronchial dilatation, with or without associated

bronchial wall and lung parenchymal damage, and classically with pus in the bronchial lumen (see

Figure 1.1). lt is clinically characterised by a chronic cough with production of purulent sputum,

and recurrent respiratory exacerbations. The sputum is often foul smelling and is a major social

problem. The symptoms result in significant morbidity with lost schooldays and multiple absences

from work for adult patients and parents of affected children. Continued problems with untreated

bronchiectasis or extensive disease can lead to respiratory failure and premature death

Over the last decade many authors have quoted Barker and Bardana who labelled bronchiectasis

as an "orphan disease" (Barker and Bardana, 1988), supporting the idea that bronchiectasis has

become an apparently uncommon clinical entity in the developed world. The decline has been

attributed to improved sanitation, better childhood immunisation rates, particularly against measles

and pertussis, better nutrition, and the frequent use of antibiotics (Ferkol and Davis, 1999). As a

consequence, bronchiectasis has been neglected in terms of medical recognition and public

awareness, and generates little or no commercial interest for funding of research and treatment

development. The medical management of the condition remaining stagnant, and the minimal

knowledge on current incidence, aetiology, and severity compared to, for example cystic fibrosis

(CF), is evidence for this proposition.



Figure 1.1. Pathological lung specimens showing normal lung

and lung effected by bronchiectasis.

Normal bronchi Normal lung tissue

Grossly dilated bronchi,
in lung tissue destroyed
by bronchiectasis

(Plctures reproduced with the kind permission of the Department of Molecular Medicine and Pathology,

Univercity of Auckland)

aA5l of'a-lrorr

Since the beginning of the 21$ century there has been a resurgence in interest in bronchiectasis in

adults and children. Published reports of the condition in children from developing countries

suggests that despite improved immunisation standards, and treatment of pneumonias,

bronchiectasis may not be as uncommon as previously thought (Singleton et al., 2000; Karakoc et

al., 2001; Callahan and Redding,2002; Chang et a1.,2003). Anecdotally, Auckland paediatricians

appear to see significant numbers of Maori and Pacific lsland children with bronchiectasis in

outpatient clinics. The children appear to present late with widespread disease and significant

associated morbidity. Whether there truly is a high prevalence of bronchiectasis in the paediatric

New Zealand endemic population, and whether it is severe is unknown. Part of the work of this

thesis will address these questions.

1 . l. Bronch iectasis - h istorical perspective.

Laennec originally described a three and a half year old boy with symptoms of whooping cough for

three months, who presented to hospital with fits of coughing associated with expectoration of large



amounts of foetid yellow purulent fluid. He died of apparent pulmonary sepsis, and the post

mortem showed copious pus in a multitude of bronchial dilatations localised to the left lower lobe

(Brossen, 1819). Until the advent of bronchography (Sicard and Forestier, 1922) bronchiectasis

was regarded as a fatal disease. In 1929 bronchiectasis was demonstrated bronchographicallyin

90% of a series of patients with symptoms of chronic bronchitis but without classical features

suggestive of bronchiectasis (copious, foetid, purulent sputum, breathlessness and physical

disability) (Ochsner, 1929). This paper heralded the diagnosis of bronchiectasis in many patients

with less severe disease. The first successful lung resection for bronchiectasis was performed in

1901 (Heidenhain, 1901), and since then numerous papers have reviewed the progress of

bronchiectasis since surgery became a treatment option in the 1930s (Field, 1961, 1969; Clark,

1963; Cherniack et al., 1967). Follow-up periods varyfrom 1 month to 25 years, and the proportion

of patients treated with surgery differs. Medical or conservative treatment using short courses of

antibiotics for acute exacerbations was described from 1940 onwards, but only one paper

confidently commented on the value of regular postural drainage (Wynn-Williams, 1957). Until

recently none included details of a structured approach to medical management (Chang et al.,

2002).

1.2. Childhood bronchiectasis: worldwide experience.

I have reviewed the large childhood series published in the last 50 years and have summarised

these in Table 1.1. Most of these series were undertaken in large tertiary centres, and it is difficult

to know the exact size of the population from which they were drawn to calculate prevalence

figures. There are a number of other difficulties when retrospectively reviewing these series.

Inaccuracies are inevitable if numbers fail to add up in original tables and text. lf I was unable to

assess the figures accurately, these figures have been omitted. However, despite these difficulties,

the series appear to document the ongoing decline in paediatric bronchiectasis over this time.

In the United Kingdom, Field reported on 160 children with bronchiectasis whom she followed for

almost two decades, beginning in 1947 (Field, 1949, 1961, 1969). Between 1952 and 1960 the

rate of childhood hospital admissions for bronchiectasis as a proportion of the total number of

childhood admissions, fell by over 80%. This could be for a number of reasons other than

bronchiectasis itself becoming rare; other respiratory and non-respiratory diagnoses becoming

more common than bronchiectasis, improved management of bronchiectasis obviating the need for

hospital admission; or because of changed diagnostic procedures for bronchiectasis. The

admission rate for bronchiectasis at Alder Hey Children's Hospital, Liverpool in 1960 was 13 per

10,000 total admissions (Field, 1969) whereas in the years 1983-5 only 2 patients were coded for

bronchiectasis out of over 40,000 in-patient admissions. This was in part the result of a trend away

from surgical treatment involving mandatory hospital admission. However, whether the studies

were performed in a surgical centre or a specialised hospital, results inevitably in bias in the data.

Field's cases were collected at the Hospital for Sick Children, Great Ormond Street, and at



University College Hospital, London. Neither hospital at the time was referred cases from a

defined population and probably both tended to attract the more difficult or unusual cases. Strang's

and Avery's reports were both based on children admitted to thoracic surgical centres. These

series were therefore likely to be deficient both in severe cases with disease too extensive for

surgery and in mild cases well controlled by medical treatment.

Table 1.1. Published childhood bronchiectasis series over the last 50 years.

Clarke Glausel
1949 1956 1961 1963 1966 1968 2000 2001 2003

London Newcastle Ballimore Aberdeen Boston Alsaka Alaska Turkev Australia

Chest CT scan
Bronchography

Clinical/CXR
Autopsv

204
3
2

t]u ,r, ,:o jz :

Numberofchildrentboysisirrs) 160(6293) 209{s0/11e) 66(30/36) 116(57/ss) 187 100(bz4o) 46 23(rslo) 59(29/30)

Aetiology of bronchiectasis
Unknown
Pneumonia t infectious disease

Pneumonia
Perlussis
Measles

Tuberculosis

Other
lmmunodefi ciency syndromes
Inherited/Congenital

PCD/Kartageneds syndrome

Other
Aspiration
For€ign bodylpost operativ€ material

Other eg GORD
Miscellaneous

1431 3T

27

J

18 (14)

39 74 22 26
44 35 10 24
521416

4(Bf 0(6) 7 o(3)
4-

-1

13 22-
11

4 (1)

42

3'

ot
?2
3

2

t'

7

17e

24

,iAsthma

38 33 55
8224

163 I 28 130 46
46 57 82 57 55

Medical/conservative 109
Surqical 93

'N€i ancluded in tne qiginal t$le ot predrspGing diss6 but discussed in the clinicd survet, suspiciM d supaadded tuberculas inf6tlo.
bPstussis ild m6l6 in the sfle illn€s

'Vtricdla, munps, nephntis (6), influsza, rub€lla. scalet fM, nsd catarh, la}flged pdyd trauma
dPink dis6e (9). appendslmy (l). dyst6t6y (1), tmsillelmy (3). quinsy (1). scalet lM (4). diphfiisia (3)

'Pst opsatiw atdKtaig (3). Twoc66 io his sq€ had sltus in!€fsus bul we nct label€d 6 PCDI 'Scalet fffi
0A mixture d brwchial (9), 6cula ll ), ad eeedMry amdi6 (4): 3 clGsified 6 tmg@itd' but suggslive ot rcD q a immune defici$cy
Echinctrcus grmulsa(1): 4 c6s ol c)6$c tibrcis

In 1963, Clark attempted to review an unselected series from Northeastern Scotland (Clark, 1963).

He reported on 116 children aged from birth to 11 years, a younger cohort than the other series.

He estimated the annual incidence of childhood bronchiectasis in Scotland at that time to be

1.06/10,000. The incidence of childhood bronchiectasis has not been formally estimated in Great

Britain since the 1950s. In underdeveloped (Adebonojo et al., 1982) and developing countries

(Karadag et al., 2OO1; Karakoc et al., 2O01), and in certain populations such as the Alaskan

Eskimos (Singleton et al., 2000), and the Australian Aborigines (Chang et al., 2OO2; Chang et al.,

2003) bronchiectasis is still a problem (Callahan and Redding, 2002). Despite the uncertain

paediatric rates it is by no means rare, and remains an important condition in terms of ongoing

morbidity, which extends into adulthood. In a series of 145 adults with bronchiectasis, 40% first

experienced chronic sputum production within the first decade of life (Pasteur et al., 2000).



The early consensus on the major diseases predisposing to bronchiectasis in childhood were

respiratory disease occurring in the first few years of life, and infectious diseases, particularly

whooping cough (30%) (Field, 1949). Clark noted that up to 50% of the children developed

bronchiectasis following severe pneumonia. Other infectious diseases such as measles and

tuberculosis also figured highly. The excess of cases due to foreign body and particularly following

oral surgery and adenotonsillectomy are not seen in later series. Although other authors have

surmised that this may be indicative of better anaesthetic techniques for protection against the

aspiration of blood and tissue debris peri- and post operatively, in fact it is more likely that the

tonsils and adenoids were removed to treat the cough that was due to bronchiectasis. Many of the

early series have a high percentage of undiagnosed cases in comparison with later reviews,

reflecting the greater sophistication of modern investigations.

Over the last century, disease definitions have changed and the understanding of the pathogenesis

of bronchiectasis has increased. We are better at defining the preceding insult and aetiology as

better methods of investigation have been developed. Asthma would now be considered a co-

morbidity to bronchiectasis rather than a primary cause. Any bronchiectasis complicating asthma

would more likely be due to a significant viral insult or rarely (in children, but perhaps more

commonly in adults) allergic bronchopulmonary aspergillosis. Not all cases of immunodeficiency or

CF will have been fully excluded in many of the old series. The word 'congenital' often meant

bronchiectasis in which symptoms originated from birth, and the high association of upper as well

as lower respiratory disease (particularly sinus disease) is strongly suggestive of an, as yet,

undiagnosed generalised disease of immunity or local airway defence. Table 1.2 summarises the

causes of childhood bronchiectasis seen today.



Table 1.2. Aetiologies of childhood bronchiectasis.

Post infectious
Measles
Pertussis
Pulmonary tuberculosis
Adenovirus
Aspergillus fumigatus
Necrotizing bacterial pneumonia

- (Staphylococcal, MRSA, Klebsiella, Pseudomonal)
Post obstructive
Foreign body aspiration eg especially organic objects
Extrinsic bronchial compression

-eg tuberculous lymph node
lmmunodeficiencies
Hypogammaglobulinemia

- Severe combined immunodeficiency
- Common variable hypogammaglobulinaemia
- Specific antibody deficiency
- lgG subclass deficiency

Complement deficiency
Neutrophil function abnormalities

- Chronic granulomatous disease
- Job's syndrome
- Other

Human immunodeficiency virus (HlV)
- especially with Lymphocytic Interstitial Pneumonitis (LlP)

Inherited/Congenital abnormalities
Cilia abnormalities

- Kartagener syndrome
Marfan syndrome
Williams-Cam pbell syndrome
Yellow-Nail syndrome
Other
Inhalation of toxic gases eg severe burns
Chronic aspiration

- eg dysfunctional

Historically most children were investigated with bronchography and bronchoscopy, some on

multiple occasions, with no thorough investigation of the immune system, haematology or

inflammatory indicators. Few series commented on viral or bacterial sputum cultures. Allibone et

af. (1956) found Haemophilus influenzae to be the predominant organism in bronchoscopic

aspirates and/or sputum in all 32 bronchiectatic children investigated. Clark however only isolated

this organism on 14 occasions with the remaining specimens showing mixed mainly coccal flora

with no one organism predominant (Clark, 1963). Today isolation of non-typeable Haemophilus

influenzae and Strepfococcal strains are common (Ferkol and Davis, 1999), but strains of

Staphylococcus and particularly mucoid strains of Pseudomonas in childhood would suggest the

need to exclude CF, or less frequently an immune deficiency.



The most recent publications in the literature are from Alaska (Fleshman et al., 1968; Singleton et

al., 2000), Turkey (Karakoc et al., 2001) and Australia (Chang et al.,2002; Chang et al., 2003).

Chang estimated that the prevalence of chronic suppurative lung disease was 14.711000 in

aboriginal children aged <15 years. The high prevalence was related by the author to poor socio-

economic factors, high use of biomass combustion, limited access to quality health services,

difficulties with follow-up and compliance with medication. lt is notable that two thirds of the

children identified in the study were diagnosed in association with a new paediatric respiratory

service to the Central Australian region. Almost 95% were related to previous admissions for

pneumonia but no causative organisms were discussed. Alaskan children residing in the Yukon-

Kuskowkim delta region have a persistently high incidence of 110/10,000 in the 1940s and

140/10,000 persons born in the 1980s (Singleton et al.,2000). Alsaka has good immunisation

coverage resulting in low rates of pertussis and measles. Tuberculosis is also no longer thought to

be a major pulmonary disease in this region. However, the children reported in these series lived

in conditions of relative poverty: small, crowded houses heated by wood-burning stoves in isolated

villages with limited access to running water. In addition, 70o/o ol households had one or more

family member who smoked cigarettes (Karron et al., 1999). These conditions may have served to

promote chronic ainvay mucus secretion and recurrent respiratory infections during childhood.

Field noted a relationship between bronchiectasis and socio-economic conditions. She wrote,

"irreversible bronchiectasis is not commonly seen in the better social and economic classes. Good

nutritlon and home conditions probably give the child a better chance of more complete recovery

from lung damaging diseases, and many upper classes may be sent away for holiday to recover

from a severe attack of pneumonia, pertussis or rubeola, whereas a child in the lower social

classes may have to convalesce in a badly ventilated room or on the streets" (Field, 1949).

There are a number of comments to make related to the most recent reports of childhood

bronchiectasis in Turkey (Dagli, 2000; Karakoc et al., 2001). Only 23 cases were reported and four

of these were secondary to CF and therefore not non-CF bronchiectasis. Although CF is the

commonest genetically transmitted disorder that causes bronchiectasis in European populations

(Brown and Lemen, 199B), the paper suggests that non-CF bronchiectasis is still a problem but no

estimates of incidence or prevalence were stated. A large percentage of children were still treated

with surgery. Of the 55 children, 4O% had undergone either lobectomy (18 children) or

pneumonectomy (4 children), while 44Yo were treated medically and could not be operated

because of extensive disease. In addition, parental consanguinity was very common (33%). This

together with the high percentage of Pseudomonas species (29%), Staphylococcus aureus (13%)

and gram-negative organisms (Kebsiella B% and Enterobacter 4o/o), is very suggestive that an as

yet undiagnosed inherited respiratory disease may be important.

Despite these recent reports suggesting that childhood bronchiectasis may not be disappearing,

and that it represents a more common problem for developing than developed countries, we are

still a long way from quantitative estimates of prevalence among populations of children worldwide.



In Polynesia, several reports describe bronchiectasis as being a common problem in adults (Hinds,

1958; Kolbe and Wells, 1996; O'Neill M, 1995). Except for children with CF the prevalence and

hospitalisation rates for bronchiectasis in New Zealand children has not been researched. There

are known to be approximately 250 children and adolescents with CF of which 56 live in Auckland,

giving an incidence of 1 in 3179 (Wesley, 1998). Information about adults with CF is lacking due to

inadequate data collection, but data on New Zealand adults with non-CF bronchiectasis suggests

that it remains a cause of high mortality and morbidity - particularly amongst the Maori and Pacific

lsland populations (Hinds, 1958; O'Neill M, 1995; Kolbe and Wells, 1996). In'1958 Hinds described

the apparent high frequency of the condition in the Maori population, although a formal prevalence

study was not performed (Hinds, 1958). A radiological survey of 56,000 people aged 15 years and

older on Western Samoa revealed a rate of bronchiectasis of 600/100,000 (Wakefield and Waite,

1980). However, because this only involved chest x-rays this is likely to be an underestimate.

Adult respiratory specialists from Green Lane hospital know of 480 cases of bronchiectasis of

whom 50% had symptoms starting in childhood (Kolbe J, personnel communication). The mortality

in adults with bronchiectasis is more than twice that of asthma, and the hospitalisation rates for

bronchiectasis for both Maori and Pacific lslanders has been documented at over 50 per 100,000

(Kolbe and Wells, 1996). Differences in clinical measures and severity have suggested that this

condition may not be the same in European, Maori and Pacific lsland populations (Kolbe and

Wells, 1996). Waite and Wakefield suggested that Polynesians have ultrastructural abnormalities

of cilia (Waite et al., 1978; Wakefield and Waite, 1980; Waite et al., 1981; Waite et al., 1983), while

others have attributed the disease to poor socio-economic circumstances (Kolbe and Wells, 1996).

The work of this thesis aims to document the characteristics of the disease in New Zealand

children. The next section reviews possible antecedent factors for bronchiectasis in New Zealand,

followed by a review of current methods of radiological diagnosis and investigation of

bronchiectasis, particularly pertaining to the measurement of exhaled nitric oxide and to ciliary

disease.

1.3.Acute respiratory disease in Auckland, New Zealand.

Auckland is New Zealand's largest city, consisting of a diverse and vibrant multicultural society. lt

is home to 306,000 children and a third of the country's total population (Statistics New Zealand,

1997). The population includes the largest proportion of indigenous Maori and Pacific lsland

people in the country. Auckland's Starship Children's Hospital is the only tertiary children's hospital

in New Zealand and the South Pacific.

fn New Zealand respiratory disease remains the commonest reason for paediatric visits to general

practices, emergency departments and also for hospital admissions. Paediatric asthma rates

remain one of the highest in the world (Asher et al., 2001). Maori 6-7 year old children have the

highest prevalence of diagnosed asthma (31.7To) followed by European (25.9%) and Pacific



(21.2o/,) children. Among 13-14year olds, European and Maorichildren had similar percentages of

diagnosed asthma (25.2o/o and 24.7o/o respectively). This high rate of asthma is currently

unexplained.

After declining for many decades, tuberculosis rates in New Zealand reached a plateau during the

1980s and began to rise during the 1990s (Crump et al., 2001). Rates of tuberculosis are high

especially when compared to England and Wales where the paediatric annual rate is approximately

3.6/100,000 (Rose et a1.,2001). Notification rates for Auckland children (<15 years) were 29

(11.8/100,000, 1998), 47 (19.11100,000, 1999), and 19 (7.7/100,000,2000). This compares with

the national rates for New Zealand over the same period of 51 (6.1/100,000, 1998),68

(8.2/100,000, 1999), and 27 (3.2/100,000,2000) (personnel communication Institute of

Environmental Science and Research Ltd). The World Health Organisation (WHO) estimates >

40/100,000 as being a high prevalence area. Rates among Polynesians are 5 to 15 times higher

than among persons of New Zealand European decent. lmmigration from other areas of Oceania

and high incidence countries accounts for approximately half the cases each year (Crump et al.,

2001).

Other infections associated with the development of bronchiectasis are measles and pertussis.

Epidemics of these diseases are recurring in New Zealand despite a well-developed immunisation

program because of inadequate vaccine uptake (Grant et al., 1997; Mansoor et al., 1999; Grant,

2000). Coverage levels remain low, with barely 60% of children fully immunised by the age of 2

years (Rainger et al., 1998). These diseases, like tuberculosis, are over-represented in New

Zealanders of Polynesian decent. Since 1950 pertussis epidemics have occurred every three to

(more lately) five years. There has been a further epidemic in Auckland that peaked in mid 2000

which from provisional data appears much larger than the last epidemic, which centred around

1996 (Blakely et al., 1999). When comparisons are made between New Zealand, the UK and the

USA for rates of bacteriological isolation of Bordetella perfussis, of notifications and hospitalisations

for pertussis, it is apparent that over the past 20 years New Zealand has had 5 to 10 times as much

pertussis as either of these two countries (Btakely et al., 1999; Grant, 2000).

ft is well documented that adenoviral infection, in particular with types 1, 3 (Herbert et a1., 1977), 4

(Gofd et al., 1969), 7 (Simila et al., 1981; Sly et al,, 1984), and 21 (Lang et al., 1969; Becroft, 1979;

James et al., 1979), can cause severe pneumonia. There was an epidemic of adenovirus 21 in

Auckland in 1965. Lang described 25 children (age range 3-18 months) from this epidemic who

had severe pneumonitis (Lang et al., 1969). Eighteen (72%) were males , 13 (52%) were Maori and

10 (40%) were Pacific lsland. Only 8 appeared to recover completely, 16 (640/0) had residual lung

changes, 5 (20%) developed bronchiectasis, and 2 died. However, 13 years later, 9/15 (60%) of

the original cohort had developed bronchiectasis diagnosed either on CXR or bronchography

(Becroft, 1979). This may have been an underestimate, as the diagnosis was not made by HRCT

scanning. Despite this Becroft's work has provided strong evidence for a pathogenesis based on



an initial necrotising bronchitis and bronchiolitis leading onto bronchiolar obliteration and

subseguent bronchiectasis. The current population impact of adenoviral disease is unknown.

Respiratory syncytial virus (RSV) lower respiratory tract infections are common, yet long-term

sequelae in previously healthy infants and children are rarely reported. A single case report

describes a child who developed bronchiectasis and bronchiolitis obliterans as a result of a RSV

lower respiratory tract infection but in whom adenovirus serology was positive on stored serum

(Massie and Armstrong, 1999). Co-infection with adenovirus is the likely cause for the

bronchiectasis and bronchiolitis obliterans.

Although the frequency of community-acquired pneumonia in children in New Zealand is unknown,

the prevalence and hospitalisation rates for acute respiratory illness in New Zealand has not

decreased in recent years. In Auckland, pneumonia accounts for approximately 2O% of paediatric

medical admissions (Grant et al., 1998; Grant et al., 2001), which is higher than any other Anglo-

American or Pacific lsland nations (Torzillo, 1991; Flynn, 1994; Hanna and Payne et al., 1995).

There are large ethnic differences in hospitalisation rates with those for Pacific lsland children 5.1

times higher and Maori children 2.4 times higher compared with their European equivalents (Grant

et al., 1998). There is also evidence based on vital signs and intensity of treatment that Pacific

lsland and Maori children hospitalised with pneumonia have more severe disease than European

children (Grant et al., 2001). There is very little year-to-year variability in the hospitalisation rate for

pneumonia for Pacific lsland children. From 1993 to 1996, the annual hospitalisation rate for

Pacific children varied by.S%. ln comparison the annual hospitalisation rates for European/other

and for Maori children varied 20-30%. This lack of temporal variability in hospitalisation rates for

Pacific children may be important in understanding why there are ethnic differences in pneumonia

hospitalisation rates.

Most of the children in Auckland who are hospitalised with pneumonia are young. More than half of

the chifdren are < 2 years of age and more than 90% are <5 years of age. In all age groups the

hospitalisation rate is highest for Pacific lsland children with the differences between ethnic groups

being most marked in the younger age groups. lt would seem that, whatever predisposes Pacific

children to being hospitalised with pneumonia is operative from a very young age.

To date, most of the published information on pneumonia from New Zealand has focused on

specific organisms, namely measles virus (Hardy et al., 1987) and adenovirus (Becroft, 1967,

1971, 1979; James et al., 1979). lf improvements in the current burden of morbidity due to

pneumonia or asthma are to be found, research ideas probably need to try and understand the

factors leading to the relatively fixed prevalence. Focus on the highly significant socio-economic

factors such as the child's home, lifestyle, nutrition and access to healthcare is important.

However, there is a need to consider whether there is an innate defect of ainrvay defences, such as

an inherited ciliary abnormality, which predisposes Maori and Pacific lsland children to more severe

manifestation of respiratory disease.
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The next section gives a historical perspective on the different methods of radiologically diagnosing

bronchiectasis, before going on to discuss ciliary disease.

1.4. The diagnosis of bronchiectasis.

The chest radiograph (CXR) remains vital in the evaluation of paediatric lung disease,

bronchography has become a method of the past and chest CT scanning has become the imaging

procedure of choice for diagnosing bronchiectasis. This trend in diagnostic methodology is shown

in Table 1.1 (page 4) in the classic paediatric series. The sensitivity and specificity of the CXR for

diagnosing bronchiectasis is low. Although the CXR may be abnormal the changes are rarely

diagnostic in cases of bronchiectasis. Gudjberg et al. (1995)found a normal CXR in only7.'lo/oof

cases of bronchographically proven bronchiectasis in adults. Nicotra reported that 90% of chest

radiographs were abnormal in adult patients with chronic cough, phlegm, and shortness of breath

who had bronchiectasis. The x-ray changes were non-specific in that they included focal

pneumonitis, scattered irregular opacities, linear atelectasis, or dilated and thickened airways that

appear as ringJike shadows (ainruays that are seen on end) or tram lines (airways that are

perpendicular to the x-ray beam) (Nicotra et al., 1995). Currie found that chest radiography was

diagnostic in only 47To of bronchographically diagnosed cases of bronchiectasis in adults, and the

CXR had a sensitivity of only 13% lor the diagnosis of bronchiectasis (Currie et al., 1987). ln

another adult series of 14 patients Silverman found that the CXR was not diagnostic in any cases

with CT evidence of bronchiectasis (Silverman and Godwin, 1987).

Specific experience in children with bronchiectasis other than disease caused by CF is limited

(Kuhn and Brody, 2002). Although bronchial dilatation and bronchiectasis are uncommonly

reported in childhood asthma, their true incidence is not known (Kuhn and Brody, 2002). However,

in a study of 36 children which included 30 children with a variety of respiratory diseases and 6

normal children, Lynch found the advantages of HRCT over CXR similar to adults: HRCT was more

sensitive; showed greater accuracy in characterising disease into interstitial, airway and airspace

processes; and gave a more accurate depiction of the extent of disease (Lynch et al., 1990).

There are risks and limitations to bronchography beyond the obvious one of patient discomfort.

Bronchography requires the use of anaesthesia in children, and bronchographic medium has the

potential for allergic reactions and temporary impairment of ventilation (Goldman et al., 1987).

Evaluation is limited to the airways, with no visualisation of the lung parenchyma. Most importantly

despite meticulous technique, under filling of bronchi is common and diminishes the sensitivity

(Silverman and Godwin, 1987). Consequently bronchography is now rarely performed.

The first CT description of bronchiectasis was in 1982 (Naidich et al., 1982). Since then studies

have shown favourable comparisons with bronchography in the diagnosis of bronchiectasis
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(Grenier et al., 1986; Munro et al., 1990). Grenier found a sensitivity of 96% and a specificity of

93% when compared with bronchography. In this series CT underestimated the extent of disease

in two lungs, although in only one of these was the CT interpreted as normal. In one of these

patients bronchiectasis was missed bronchographically because of failure to opacify a dilated

bronchus, a diagnosis prospectively suggested at CT. More recently Young performed a

retrospective comparison of the accuracy of CT and bronchography through a segment-by-

segment analysis otf 259 bronchi in 19 patients (Young et al., 1991). Despite the fact that a high-

resolution technique was used in only 11 of these cases the sensitivity of CT was g8% and the

specificity was 99%, compared to bronchography. Bronchography, although imperfect, was the

benchmark in establishing the diagnosis as few comparisons between CT and pathological

features of bronchiectasis exist. Kang identified bronchiectasis in 87% of 47 surgically resected

lobes in 22 patients with pathologic confirmation of the disease (Kang et al., 1995). Because these

patients underwent surgical resection for presumably severe disease the authors acknowledge that

the detection rate of HRCT may be less with mild bronchiectasis compared with pathological

examination of surgical specimens.

Thus the CT scan has become the diagnostic 'gold standard'for bronchiectasis. There have been

recent literature reviews on the topic as it pertains to the paediatric population (Hansell, 1998;

Copley and Padley,2001; Kuhn and Brody,2002; McGuinness and Naidich,2002). Newer

equipment and protocols have greatly reduced the radiation exposure, making its use in children

more attractive (ALARA (as low as reasonably achievable) conference, 2002). The sensitivity is

greatest when thin contiguous sections are obtained. Joharjy found the specificity to be 100% for

all types of bronchiectasis with sensitivities of 94-1OOo/o compared with bronchograms in 20

patients when using 4mm slices at 5mm intervals (Joharjy et al., 1987). For optimum technique a

non-contrast study should be performed and the lungs scanned from the apices to the diaphragm

using a scan thickness of 1-2mm with a scan interval of 10mm, with additional slices at Smm

intervals for areas of particular concern. Care must be taken in interpretation of studies as

movement artefact may simulate bronchiectasis. A scan time of 1s or less will minimise artefacts.

These are especially troublesome at the lung bases and may be further reduced by scanning the

patient prone. The characteristic CT findings are bronchial wall dilatation and thickening, cysts, air-

trapping and mucus impaction. The CT scan should be undertaken at a time of clinical stability

rather than during an acute exacerbation to prevent over diagnosis of disease, and more clearly to

delineate the extent of changes.

Bronchial dilatation is considered to be present if there is lack of normal bronchial tapering or if the

bronchi have an internal diameter greater than the diameter of the accompanying pulmonary artery

(Naidich et al., 1982). HRCT scans may over diagnose bronchiectasis, at least in the early stages,

however this is less likely to be relevant when gross disease is present. Kang et al. (1955) found

that a lack of bronchial tapering was 79% sensitive for the diagnosis, while bronchial dilatation

alone was only 60% sensitive. This is explained by the fact that the artery cannot always be

identified due to peribronchial fibrosis, and also assumes that the artery identified is of normal size.
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Abnormal tapering is therefore a more specific and sensitive sign than bronchial dilatation alone.

Adding to the confusion regarding the diagnosis of bronchiectasis, airway dilatation is also

associated with asthma (Lynch et al.,'1993), chronic bronchitis (O'Brien et a|.,2000), and

pulmonary fibrosis (Westcott and Cole, 19BO). lt is important therefore that the CT findings must be

associated with clinical indicators of suppurative lung disease such as the chronic daily production

of mucopurulent sputum.

Bronchial wall thickening is an inconsistent feature and is not a prerequisite for the diagnosis. lt is

not specific to bronchiectasis as it is also seen in asthma (Lynch et al., 1993) and occasionally in

smokers (Remy-Jardin et al., 1993a; Remy-Jardin et al., 1993b; Remy-Jardin et al., 2002). There

are also no accepted normal ranges, which makes interpretation difficult. Kang found a sensitivity

of only 68% for the subjective appearance of bronchial wall thickening in the diagnosis of

bronchiectasis compared with pathological specimens. Kang did not describe the physiological

correlates, but it was suggested that bronchial wall thickening is evidence of chronic recurrent

infection. A recent study demonstrated that the epithelial reticular basement membrane thickening

seen in asthmatics paralleled whole airway wall thickening and was inversely related to the

percentage of predicted forced expiratory volume in 1 second (FEV1) (Kasahara et al., 2002). In

bronchiectasis the balance between bronchial dilatation and wall thickening may be dependent on

the degree of immunocompetence and may guide future investigations into aetiology.

A recent adult study from The Royal Brompton Hospital, London (Sheehan et al., 2002) has

suggested that while mucus plugging on CT correlates with minor fluctuations in pulmonary

function, the severity of bronchial wall thickness is the primary determinant of functional decline.

The authors examined the relationship between pulmonary function indices and CT scans in 48

adult patients with bronchiectasis at baseline and at follow-up. There was a median interval of 28

months (range 6-74 months). They found at initial assessment, the severity of airflow obstruction

was linked primarily to the extent of mosaic attenuation. However, serial changes in pulmonary

function indices were only associated with serial changes in mucus plugging scores. Alterations in

mucus plugging on serial CT was associated with changes in severity of bronchiectasis and

bronchial wall thickness. Greater severity of all three morphological abnormalities at baseline CT

was predictive of significant decline in FEVr. with severe bronchial wall thickness being the most

adverse prognostic determinant.

1.5. CT scanning as a measure of disease severity in bronchiectasis.

Sfudies in adults

There is emerging evidence in adults that the number of abnormal airways found on HRCT is

correlated with the degree of impairment of pulmonary function (Wong-You-Cheong et al., 1992;

Lynch et al-, 1999; Roberts et al., 2000) and therefore used to grade disease severity. However,
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there is little published data on the correlation between the clinical findings in subjects with chronic

sputum production and the appearances on high resolution computed tomographic (HRCT) scans

of the chest. Smith et al. (1996)examined 40 subjects with chronic sputum production, and HRCT

scanning showed thal27 had bronchiectasis. There was a positive correlation between the extent

of bronchiectasis and dyspnoea, and a negative correlation with FEVI but not with FVC. These

results indicate that, in subjects with chronic sputum production, only a few clinical features show

any correlation with the presence or extent of bronchiectasis on HRCT scans.

Wong-You Cheong et al. (1992) studied 26 adults with bronchiectasis or symptoms suggestive of

bronchiectasis. They assigned a score for presence of bronchiectasis to each segment of a lung

lobe. A statistically significant negative correlation was demonstrated between the total score for

all the lobes and FEVr (p <0.01), and between FEVr and symptom duration (p = 0.02). Lynch

semi-quantitatively scored more CT features of bronchiectasis, rather than just extent of disease,

and also examined spirometry and sputum culture (Lynch et al., 1999). The severity of

bronchiectasis was graded according to Reid's classic morphological description into cylindric,

varicose, and cystic (Reid, 1950). Other CT features scored included bronchial wall thickening;

atelectasis; air trapping; and mucoid impaction. They found weak but significant correlations

between the severity and extent of bronchiectasis and FEVI (r = - 0.36, p<0.01), and FVC (r = -

0.36, p<0.01). Patients with cystic disease were more likely to have lower lung function. Cystic

bronchiectasis was also associated with sputum purulence and chronic infection with

Pseudomonas aeruginosa. They proposed that CT classification of the type of bronchiectasis

might be useful as an index of severity of disease. Other authors however have questioned the

clinical usefulness of designating bronchiectasis into one of the three patterns, but it is generally

acknowledged that cystic bronchiectasis represents more advanced disease (Hansell, 1998).

An obstructive defect is usual in bronchiectasis, but the pathophysiological basis of airflow

obstruction remains uncertain. Roberts et al. (2000) aimed to determine which static and dynamic

structural abnormalities on CT scan are associated with airflow obstruction in bronchiectasis. They

examined inspiratory and expiratory CT features of 100 patients with bronchiectasis undergoing

concurrent lung function tests, and 3 observers semi-quantitatively scored the scans. Interobserver

agreement for global CT scores was excellent for the severity of bronchiectasis (K* = 0.87) and the

extent of bronchiectasis (K* = 0.82), good for centrilobular mucous plugging (K, = 0.67), decreased

attenuation on expiratory CT scan (K, = 0.65), bronchial wall thickness (K* =0.61) and mucus

plugging in the large airways (K= 0.61), fair to moderate for bronchial collapse on the expiratory CT

scan (K* = 0.4), and poor for tracheal collapse on the expiratory CT (K, = 0.23). No measure was

made of intraobserver agreement. Univariate analysis showed that the extent and severity of

bronchiectasis, the severity of bronchial wall thickening, and the extent of decreased attenuation on

the expiratory CT scan correlated strongly with the severity of airflow obstruction; the closest

relationship was seen between decreased FEVr and the extent of decreased attenuation on the

expiratory CT scan (r' = - 0.55, p<0.00005). Multivadate analysis revealed that bronchial wall

thickness and decreased attenuation were consistently the strongest independent determinants of
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airflow obstruction. The extent of decreased attenuation was positively associated with the severity

of bronchial wall thickness (r = 0.57, p<0.00005), but was not independently linked to gas transfer

levels. Endobronchial secretions seen on CT scanning had no functional significance; the severity

of bronchial dilatation was negatively associated with airflow obstruction after adjustment for other

morphological features. These findings indicate that airflow obstruction in bronchiectasis is

primarily linked to evidence of intrinsic disease of small and medium airways on CT scanning and

not to bronchiectatic abnormalities in large airways, emphysema, or retained endobronchial

secretions. However, this cross-sectional study contrasts with the longitudinal work of Sheehan as

previously discussed (Sheehan et al., 2002).

Studies in children

Studies in children are limited to children with CF, who may or may not have bronchiectasis, and

the specific role of CT scanning in this disease is still debated (Santamaria et al., 1998; Marchant

et a1.,2001; Tiddens,2002). HRCT has been shown to detect acute reversible and chronic

changes in CF (Shah et al., 1997; Helbich et al., 1999). Long et al (2000) using a non-invasive

controlled ventilation technique showed early bronchial wall thickening and airway dilatation in a

group of young (mean age 2.5 years) children with CF. CT scoring systems have been developed

to quantify the severity of disease (Maffessanti et al., 1996), and have been shown to correlate well

with lung function (Nathanson et al., '1991). CT can also evaluate response to therapy and may be

considered an accurate way to evaluate efficacy of experimental therapies (Brody et al., 1999).

The relationship between sputum inflammatory markers, lung function, and lung pathology on

HRCT in children with CF has recently been explored using 43 CT scans on 34 children (Dakin et

al., 2OO2). FEVI and FVC correlated with a modified Bhalla score (r = - 0.66, p<0.0001 for both),

and most individual components of the score, especially mosaic perfusion (r = - 0.64, p<0.0001)

and extent of bronchiectasis (r = - 0.61, p<0.0001). The combination of these two predicted 58% of

the variability in FEVI on analysis of variance (p<0.0001). Sputum total cell count correlated

weakly with modified Bhalla score (r = 0.38, p<0.05) and with FEVI and FVC (r = - 0.36, p<0.05;

and r = - 0.46, p<0.01). Sputum differential cell counts, cell viability, and interleukin (lL)-8 did not

correlate with modified Bhalla scores, or with reversible components such as mucus plugging,

centrilobular nodules, or peribronchial thickening.

When the work of this thesis was undertaken there were no published studies of CT findings in

children with non-CF bronchiectasis compared with clinical parameters. This deficit was to be

addressed through the work of this thesis. The chest CT scans of the children with bronchiectasis

in Auckland will be examined to evaluate disease severity, and be compared with lung function and

clinical indicators of severity. Assessments of inter and intra observer agreement will also be

made. Intra-observer agreement is important in smaller respiratory centres, as in the Starship

Hospital in Auckland, when only one radiologist may evaluate all respiratory cases. Since this work

was completed a study evaluating clinical and HRCT evaluation in Australian Aboriginal children

has been published (Chang et al, 2003). The findings in the indigenous Australian children differed
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from the work of this thesis and will be discussed in Chapter 3. In the future, chest CT scanning

using limited cuts and low dose protocols may be useful in monitoring disease progress. lt is not

known however whether scoring scans with limited cuts may adequately evaluate extent of

disease, and hence disease progression.

1.6. Nitric oxide and ainray inflammation, bronchiectasis and other respiratory diseases.

ln 1980, the endothelial lining of arteries was found to be the source of an important messenger of

vascular smooth muscle relaxation (Furchgott and Zawadzki, 1980). The relaxing factor was

identified in 1987 by Moncada (Moncada and Higgs, 1993), as the free radical gas nitric oxide

(NO). This is better known as a component in pollutant gases such as cigarette smoke and car

exhausts, but is also an exhaled gas. NO is synthesised from the amino acid L-arginine by three

forms of the enzyme NO synthase (NOS), two of which are constitutive, cNOS (found in endothelial

cells, eNOS and neuronal cells, nNOS) and one inducible, |NOS (Barnes and Belvisi, 1993). NO

can be measured in orally exhaled air in a manner analogous to lung function measurements, or

sampled directlyfrom the nasal cavity (Kharitonov et al., 1997; American Thoracic Society, 1999).

|NOS is induced by proinflammatory cytokines (Robbins et al., 1994) such as ll-1p and TNF

(tumour necrosis factor) ct. Epithelial cells also express |NOS after exposure to oxidants via the

activation of the transcription factor nuclear factor kappa B (NF-rcB), which is critical for

transcription of the |NOS gene (Xie et al., 1994). The measurement of NO has not previously been

avaifable for New Tealand children.

It has been suggested that NO is a non-invasive marker of some types of airway inflammation and

may vary with disease states (Kharitonov and Barnes, 2001). Researchers have demonstrated

high NO levels in URTI (Kharitonov et al., 1995b), and untreated asthma, which falls when treated

with anti-inflammatory treatment (Baraldi et al., 1997; Byrnes et al., 1997). Exhaled NO in

asthmatic subjects has also been shown to correlate with the number of eosinophils in blood and

induced sputum, and other parameters of airuray inflammation (Silvestri et al., 1999; Piacentini et

al., 1999; Warke et a1.,2002) especially in children not using inhaled steroids. The substantial

elevation of exhaled NO in asthma suggests that NO levels may also be increased in mild

endobronchial inflammation. In principle, NO measurements might be used to provide insights into

the pathogenesis of asthma by identifying those with asymptomatic ainvay inflammation.

Symptoms of atopic asthma often decrease or even seem to disappear around puberty. Van den

Toorn used NO levels to investigate whether this so-called clinical remission was accompanied by

remission of airway inflammation, since symptoms relapse in a substantial proportion of subjects

later in life. The authors found significantly higher NO values in the remission group than in healthy

controls (mean 18.9 and 1.0 ppb, respectively; p<0.001) whereas exhaled NO values of the

remission group and those of the subjects with current asthma (mean 21.9 ppb) were similar

(p=0.09). On further investigation these adolescents had higher concentrations of blood

eosinophils, and were more reactive to methacholine challenge than controls. They speculate that
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sub-clinical inflammation is a risk factor for asthma relapse later in life (van den Toorn et al., 2000;

van den Toorn et al., 2001). A recent additional study by the same author examined the

discrepancy between lack of symptoms and persistent airway inflammation in this group (van den

Toorn et al., 2002). The authors found that dyspnoea, induced with methacholine and adenosine,

was similar in adolescents in clinical remission from atopic asthma compared to that of patients

with symptomatic asthma. Patient perception alone seemed an unlikely explanation for the

discrepancy between lack of symptoms and ongoing inflammation. Other factors may play a role in

the apparent absence of symptoms, thereby potentially leading to undertreatment. These studies

taken with that of Moody, who reported elevated NO levels in asymptomatic Pacific lslanders who

were allergic to house dust mite (HDM) suggesting that this may denote sub-clinical airway

inflammation (Moody et al., 2000), have important ramifications for the ethnic differences in asthma

incidence in the endemic population of New Zealand.

NO does not reflect all types of ainray inflammation. Despite the intense airway inflammation in

CF, exhaled NO is reduced compared to normals (Balfour-Lynn et al., 1996; Lundberg et al., 1996).

There is conflicting evidence in the literature regarding NO levels in non-CF bronchiectasis.

Kharitanov et al. (1995a) first described exhaled NO to be elevated in 39 adult patients with

bronchiectasis (30 idiopathic, 9 post infectious), and also that exhaled NO was lower in those

treated with steroids. They also described a significant correlation between CT score and FEVI (r

= 0.73, p<0.01), suggesting a relationship with disease severity. They concluded that exhaled NO

may be useful in monitoring disease activity and response to treatment. Since this report, Ho et al.

(1998) studied patients with CF and bronchiectasis (n=16) compared with normal controls and

asthmatics. No significant differences were found in NO levels in patients with CF or

bronchiectasis compared with controls, but all values were lower than asthmatics. The NO levels

in CF patients at a time of exacerbation were also recorded, and did not increased or change with

treatment. A number of hypotheses were put forward by the authors including, poor diffusion of NO

across increased and viscous ainrvay secretions, removal of NO by reaction with reactive oxygen

species in the inflamed environment, and failure of upregulation of epithelial INOS in chronic

suppurative conditions.

A more recent article by Tsang which involved much larger numbers of stable adult bronchiectasis

patients examined the exhaled and sputum NO levels in 109 patients in comparison with controls

(Tsang et al., 2002). They found no significant difference in exhaled NO between patients with

bronchiectasis and control subjects (p=0.11). However, those with Pseudomonas aeruginosa

infection had significantly lower exhaled, but not sputum, NO levels than their counterparts and

control subjects (p=0.04 and p=9.999, respectively). Exhaled NO correlated with 24-hour sputum

vofume in Pseudomonas aeruginosa-infected patients (r = - 0.36; p=0.002). After adjustment for

sputum volume and number of bronchiectatic lung lobes, Pseudomonas aeruginosa-infected

patients still had lower exhaled NO levels than their counterparts (p=Q.QJ ). There was no

correlation between exhaled NO with FEVI, FVC, and the number of bronchiectatic lung lobes

(p>0.05). Sputum NO levels were no different between patients and control subjects (p=0.64), and
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had no correlation with clinical parameters. The authors were unable to postulate any potential

mechanisms for these findinos.

One study on NO levels in bronchiectasis in children (Narang et al., 2002) is in agreement with the

findings of Ho. The levels of nasal and exhaled NO were examined in a group of 21 children with

bronchiectasis, and compared with controls and also subdivided according to their inhaled steroid

prescription. There were no significant differences (p<0.05) in exhaled NO and nasal NO in the

children on or off steroids, and there was no difference with controls. A comparative study was

also performed between 5 groups of children with different respiratory diseases; CF (n=17), non-CF

bronchiectasis (n=21), primary ciliary dyskinesia (PCD) (n=31), asthma (n=35) and healthy controls

(n=53). lt is noted that no measure of atopy was undertaken, and that ideally new patients and

diagnoses would have been optimal. There was no correlation with FEVr and exhaled NO levels

either for the study groups as a whole or within individual patient categories. There was no

difference in NO values in children with bronchiectasis in comparison with controls. As with

previous studies involving patients with PCD (Lundberg et al., 1994; Karadag et al., 1999), they

found very low levels of nasal NO in PCD and in CF. They also found using a sampling rate of

250m1/min and a receiver-operator curve (ROC) curve analysis, a nasal NO of 250ppb showed a

sensitivity of 97o/o and a specificity of 90% for the diagnosis of PGD. Therefore a high nasal NO

excludes PCD and a low nasal NO needs further evaluation to exclude PCD provided CF has been

excluded. There is only one other condition in which NO was found to be very low and that is a

disease not seen in children but in Japanese adults predominantly males with diffuse

panbronchiolitis (Nakano et al., 2000).

The work of this thesis will further evaluate the use of NO to screen for ciliary disease. I will

compare the ciliary beat frequency, exhaled nitric oxide, prevalence of positive skin prick tests and

lung function from normal healthy European, Maori and Pacific lsland children with a group of

children with bronchiectasis, matched for ethnicity.

1.7. Bronchiectasis and primary ciliary dyskinesia

Even today after extensive investigations the aetiology of non-CF bronchiectasis remains unknown

in 50% of paediatric cases (Brown and Lemen, 1998). With the decline of tuberculosis, measles

and pertussis, abnormalities of ciliary structure and function have emerged as an important cause

(Brown and Lemen, 1998). Ciliary abnormalities have been suggested to underlie bronchiectasis in

Polynesians (Waite et al., 1978; Wakefield and Waite, 1980; Waite et al., 1981; Waite et al., 1983).

This research was performed over two decades ago, before new techniques of ciliary analysis had

been developed, and before the distinction between primary inherited and secondary acquired

disease was better understood. Before discussing the previous research on ciliary disease in New

Zealand,l will review cilia structure and function, primary ciliary dyskinesia (PCD), and conclude by

discussing the current diagnostic methods for primary ciliary disease.
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Ciliary structure and function

The lung is the largest epithelial surface exposed to the environment (Toews, 1993). The lung

defence system includes mechanical as well as biochemical processes that work in an integrated

way to safeguard the lungs (Gerritsen, 2000). Together with the upper airway filter of the nose the

lower respiratory tract is protected by local mucociliary defence mechanisms that involve the

integration of ciliated epithelium, periciliary fluid and mucus. The ciliated epithelium together with

mucus producing goblet cells and submucosal glands appear to be the most important cell types

involved in mucociliary defence (Chilvers and O'Callaghan, 2000b).

Ciliated cells not only line the large airways from the trachea to the respiratory bronchioles (Sleigh

et al., 1988), but adjacent structures such as the posterior aspect of the nose, the paranasal

sinuses, and the middle ear. Cilia are also found elsewhere in the body e.g. the ependyma of the

brain, the fallopian tubes, and tails of spermatozoa. In the airway, the ciliated cells are

interspersed with goblet cells in a ratio of approximately 5 to 1 (Wanner et al., 1996). While the

mucus acts as a physical and chemical barrier to particles and organisms, the cilia are microscopic

hair like structures that project from the cell surface and beat in a regular coordinated fashion,

continuously sweeping the overlying mucus from the airways to the orophayrnx where it is either

swallowed or expectorated. Although this is the main function of the ciliated epithelium, it has a

variety of other functions that assist local mucociliary defence. These include modulation of airway

surface fluid, production of antimicrobial peptides, mechanical stability of the epithelium and

assistance in epithelialcross-talk between cells (Puchelle et al., 1998).

Ciliated cells are terminally differentiated columnar cells and each has approximately 200 cilia on

its surface (Sleigh et al., 19BB; Puchelle et al., 1998). Individual cilia vary in length from 6-8pm in

the trachea, to 2-3prm in seventh generation airways (Houtmeyers et al., 1999). The width of the

cilium is relatively constant measuring 0.3pm (Sleigh et al., 1988). The outer membrane is

continuous with the cell surface and each cilium consists of a collection of peripheral longitudinal

tubules composed of the protein tubulin. The structure of a normal cilium in transverse and

longitudinal section is shown in Figure 1.2. The ciliary axoneme is constructed from an outer circle

of nine microtubule doublets, dynein arms and radial spokes surrounding a central microtubular

pair and resembles a wagon wheel or cucumber in cross section. The axoneme has a uniform

structure that repeats precisely every 96nm (Wanner et al., 1996).

The peripheral doublets are made up of an A and B sub unit arranged around a separate central

pair contained in a sheath. Radial links or spokes connect the central sheath and the peripheral

doublets. A protein (nexin) links the peripheral doublets, and limits ciliary sliding and maintains

ciliary structure. Attached to the A sub unit are inner and outer dynein arms containing the ATPase

which is essential for ciliary motion. The structure of the cilium varies along its length. At the base

the microtubular doublets become smaller triplets, central structures and all other structures
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disappear. Towards the tip the B sub units disappear, as do other structures with the exception of

single tubules (see Figure 1.2). At the base, the cilium is anchored to the cell by a basal body,

which has a lateral projection called the basal foot orientated towards the direction of the effective

beat, and ends in striated rootlets that project deep into the cell cytoplasm (Sleigh et al., 1988). At

the tip there are 3-7 claw-like projections, between 25-35nm long, which are thought to assist in

propelling mucus during ciliary beating (Sleigh et al., 1988; Wanner et al., 1996).

Figure 1.2. Diagrammatic representation of a normal cilium in longitudinal

and transverse secfion. (Rutland, 1990)

-@

{-.+
Plane of

Ciliary Bearing

Ciliary
Membrane

BASAL FOOT

.a"tbt+gs
\-"Pg

BASAL BODY

FOOTLET

Microvilli are interspersed between cilia on the cell surface. They are 1-3pm in length and 0.1-

0.3pm wide. The cytoplasm of microvilli is continuous with the cell cytoplasm, and they are

considered important in the regulation of fluid transportation within the periciliary fluid layer (Sleigh

et al., 1988; Girod et al-, 1992; Wanner et al., 1996).

Cilia beat through a complex interaction between the dynein arms and the microtubules of the

ciliary axoneme. Dynein undergoes a structural change, powered by hydrolysis of adenosine

triphosphate (ATP), causing sliding of microtubules (Wanner et al., 1996). The radial spokes

restrict the sliding between micotubules and cause the cilium to bend (Houtmeyers et al., 1999).

Recent research using digital high-speed imaging has shown that cilia beat forward and backwards

within the same plane without a classical sideways recovery sweep as previously thought (Sleigh et

al., 1988;Chilvers and O'Callaghan, 2000a).
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Human respiratory cilia beat with a frequency between 11-16H2 in the nose and the major airways

(Wanner et al., 1996), although other studies have noted ciliary beat frequency (CBF) to be slower

in peripheral airways than in more proximal sites (Rutland et al., 1982c; Clary-Meinesz et al.,

1997). Furthermore, some authors have noted an age related difference in CBF, with neonates

having a faster rate than adults (O'Callaghan et al., 1991 ), and adults greater than 40 years of age

having a slower CBF (Ho et al., 2001). When CBF was evaluated in a large number of subjects

following ciliogenesis (n=203, age range 3 months to 74 years) CBF was found to be age

independent (Jorissen et al., 1998)^

The precise regulation of CBF is still unclear. A number of mechanisms are involved and have

been extensively reviewed (Wanner et al., 1996). These include a neuronal model (Yeates, 1998),

mechanoreceptors (Dirksen, 1998), and more recently, aP2Y2 purinoreceptor has been identified

in the respiratory epithelium that may coordinate local mucociliary defences (Knowles et al., 1998).

The other two mechanisms will be described in more detail as they are linked to NO and, are

important to the work of this thesis. lt is known that CBF is decreased by direct reductions in

intracellular calcium and by protein kinase C (Wanner et al., 1996). Conversely CBF is increased

by a rise in intracellular calcium. Possible intracellular mechanisms have been shown to involve

cyclic AMP, calmodulin, inositol 1,4,S-triphosphate and NO (Wanner et al., 1996; Dirksen, 1998;

Yeates, 1998). NOS is found in airway epithelium and NO has been shown to be involved in the

modulation of CBF in the upper respiratory tract (Runer et al., 1998; Runer and Lindberg, 1999;

Sisson et al., 1999; Li et al., 2000; Kim et al., 2001;Zhan et al., 2003), and B-adrenergic stimulation

of CBF (Jain et al., 1993; Jain et al., 1995). Cilia are able to recruit adjacent cilia to beat in a

coordinated manner and form a metachronal wave, which travels a short distance along the

epithelial surface propelling overlying mucus (Sleigh etal., 1988). Possible mechanisms that may

explain the development of a metachronal wave involve intracellular communication (Wanner et al.,

1996), and 'hydrodynamic coupling'(Sleigh et al., 19BB).

Primary ciliary dyskinesia (PCD,

PCD is an inherited disorder characterised by specific ultrastructural abnormalities of cilia and

associated impairments in ciliary motility. A syndrome of sinusitis, bronchiectasis and situs

inversus was first described in 1904 by Siewert and more famously in 1933 by Kartagener

(Kartagener, 1933). Afzelius described the association of this triad with a structural defect of sperm

tails and subsequently a ciliary motility defect that lead to the introduction of the term immotile cilia

syndrome (Afzelius, 1976; Eliasson et al,, 1977). Of those cases with situs inversus, Afzelius

suggested that about 15% have the complete Kartagener's triad (Afzelius, 1976). The recognition

that the ciliary motility is often reduced but not absent now makes primary ciliary dyskinesia (PCD)

the preferred term (Greenstone et al,, 1988). While it is recognised that 50% of patients with PCD

have situs inversus, it has been estimated that only 23oh of cases of situs inversus have an

identifiable abnormality of cilia (Kroon et al., 1991). PCD has been the subject of many recent

reviews (Bush et al., 1998; Bush, 2000; Chilvers and O'Callaghan, 2000b; Meeks and Bush, 2000)
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lnheritance and genetics of PCD

PCD has previously been described in all ethnic groups without apparent racial or gender

predilection. Although an autosomal recessive mode of inheritance is predominant, there have

been reports of X-linked and autosomal dominant inheritance (Narayan et al., 1994). The

prevalence is estimated at between 1 in 15,000 to 1 in 70,000, but the number of identified cases is

an order of magnitude lower (Afzelius, 1998; Meeks and Bush, 2000). Based on the last census

figures however this would mean that there should be between 20-90 cases of PCD in New

Tealand children (population 1,350,000 children and adolescents), and 4-17 cases in Auckland

(population 262,200 children and adolescents). However, neither the true incidence nor

prevafence in New Zealand is known.

The identification of potential genes has come in part from studying Chlamydomonas reinhardtii, a

unicellular alga with two flagella which resemble spermatozoon tails and human respiratory cilia.

Dysmotife strains of Chlamydomonas have been described which have ultrastucture defects similar

to those seen in patients with PCD. There are more than 200 proteins in the cilia and several

genes have been identified in these Chlamydomonas mutant strains encoding for axonemal

dyneins. As a consequence it is likely that many different genes contribute to the heterogeneity

seen in the clinical phenotype. Potential genomic regions harbouring PCD loci have been localised

to chromosomes 3p,4q,5p,7p, Bq, 10p, 11q, 13q, 15q, 16p, 17q and 19q (Blouin et a1.,2000).

Recent work in one large, consanguineous Arabic family with PCD has identified a new locus

(DNAHS) on chromosome 5p which encodes for a Chlamydomonas axonemal heavy dynein chain

(Omran et al., 2000). This has now been fully characterized and associated with left right

asymmetry (Olbrich et al., 2OO2). Mutations in the intermediate chain dynein gene (DNAIl) have

been described in patients with outer dynein arm defects (Zariwala et a1.,2001). DNAHT is an

inner arm component which is synthesized but not assembled in a case of PCD (Zhang et al.,

2A04. Ultimately it is hoped that identification of the genes that cause PCD will lead to improved

diagnostic methods and more accurate prognosis. However, the multiplicity of genes and the likely

multiplicity of different alleles suggests that genetic testing for PCD will be less useful than for

example in CF.

Clinical presentation of PCD

The clinical presentation of PCD varies with age and varies in severity (Rutland et al., 1998). As

well as the benefits to the individual patient in making the diagnosis as early as possible, a

diagnosis of PCD allows for genetic counselling, for other children in the family to be screened, and

in the adolescent the issues of fertility to be discussed.
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ln the neonatal period

At least half the PCD patients have symptoms when first born, but the diagnosis is rarely

considered unless the child has a positive family history or dextrocardia or mirror image

arrangement with structurally normal heart (situs inversus). Coren et al. (2002) found that 38 of

the 55 (69%) paediatric PCD patients at the Royal Brompton Hospital, London have situs

inversus. Unexplained tachypnoea or neonatal pneumonia, particularly in a term baby with no

risk factor for congenital infection (Whitelaw et al., 1981) may be due to PCD. The newborn

with rhinitis is characteristic. Rarer associations include complex congenital heart disease,

particularly disorders of laterality; oesophageal atresia or other severe defects of oesophageal

function; biliary atresia; and hydrocephalus (Engesaeth et al., 1993; Bush, 2000).

ln the infant and the older child

More typically the diagnosis is made in children and young people with a chronic particularly wet

cough, with sputum production in the child old enough to expectorate, combined with chronic

secretory otitis media (CSOM) of varying severity. Continuous, long lasting and offensive

discharge from the ears after tympanostomy tube insertion is suggestive of PCD. Asthma that

is atypical, or not responsive to treatment, and the child with bronchiectasis for which there is no

known cause after exclusion of other more common aetiologies e.g. CF or immunodeficiency

syndromes should also be evaluated for PCD. lt is estimated that 6-18% of patients with

bronchiectasis have underlying abnormalities of ciliary structure or function (Buchdahl et al.,

1988; Barlocco et al., 1991; Chapelin et al., 1997). Twenty-two percent of the children at The

Royal Brompton had documented bronchiectasis at the time of diagnosis despite 7 of them

having situs inversus, 6 having had neonatal respiratory distress and 8 having a productive

cough on most days (Coren et al.. 2002). Nasal polyps were found rarely in the Brompton

series, and have been reported occurring in nearly one third of cases elsewhere (Leigh, 1998).

Children with very severe gastro-oesophageal reflux should also be screened for PCD.

ln the adult

In the adult the presentation is similar to the older child, but digital clubbing and impaired

exercise tolerance may be seen more commonly with advancing obstructive airways disease.

In this age group PCD may present in females with sub fertility including ectopic pregnancy, and

in males with sub or infertility due to immotile or reduced motility of sperm tails. Infertility in

males is by no means invariable however occurring in only approximately 50% of cases

(Afzelius and Eliasson, 1983; Munro et al., 1994). There is evidence that at least some of the

motile structures of the sperm tail may be under different genetic control compared with

respiratory cilia.
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Risks of late diagnosis of PCD

Late diagnosis is common in PCD, as are mild cases picked up by screening siblings of an index

case (Coren et al., 2002). Theoretically only half of all PCD patients will have mirror image

arrangement, and those with usual organ arrangement are often missed. Coren recently reported

that the diagnosis of PCD was delayed into mid childhood in almost half of cases with both situs

inversus and neonatal symptoms (Coren et al., 2002). This is important, since the diagnosis has

implications for many aspects of upper and lower respiratory disease. lmpaired mucociliary

transport and retained secretions puts these children at risk of bronchiectasis, which can be

prevented with the combination of physiotherapy and antibiotics (Ellerman and Bisgaard, 1997).

Patients commonly have severe CSOM and some hearing impairment with possible educational

compromise if not picked up and treated early. Early diagnosis may prevent unhelpful

tympanostomy tube, and possibly prevent other useless or harmful ENT surgery from being

performed (Hadfield et al., 1997).

CF also causes upper and lower ainrray pathology. The diagnosis of CF seems to be made at

much younger ages than PCD (mean 1.3 years compared to 4.4 years). lt is well recognised even

with CF that 10-15% of cases are not diagnosed in childhood (Gan et al., 1995), and in the case of

PCD up to 30% of patients in adult clinics have not been diagnosed until adult life (P.J. Cole,

personal communication). The reasons for late diagnosis of PCD despite symptoms from day one

of life, may include the relative frequency of the symptoms in the general population (eg all children

have a runny nose, and all children cough from time to time), and lack of awareness of the

condition, and the complexity of the diagnostic tests.

The diagnosis of PCD

The key to the diagnosis of PCD is a high index of suspicion. Close attention must be paid to the

timing of symptoms, and particularly symptoms from birth. The history and examination alone will

not give a definitive diagnosis, so diagnosis rests on laboratory testing. This should include

assessment of ciliary structure and function. There are a few screening methods which may be

used together with a suggestive clinical picture to limit the number of patients that need to go

forward for ciliary analysis. lf these tests are abnormal, or clinical suspicion is high, the

assessment of cilia structure using electron microscopy should still be performed.

Screening for PCD

The saccharine test

Mucociliary transport is the result of coordinated and effective ciliary beating, normal electrolyte

transport, and normal mucus. lt can be measured as the mucociliary transit time (MTT) using dyes,

isotopes or saccharine. Clinically the saccharine test is the the most useful. This test is not

suitable for children unable to sit still for an hour, usually less than 10-12years of age (Stanley et
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al., 1984). A 1-2mm particle of saccharin is placed on the inferior nasal turbinate 1 cm from the

anterior end. The patient sits quietly with the head bent forward, and must not sniff, sneeze, cough

eat or drink for the duration of the test. The time to tasting saccharine is noted. lf after 60 minutes

no saccharine is tasted, a saccharin particle is placed on the tongue to check that the patient can

trufy taste saccharine. Normal values for MTT are 12 to 15 minutes, but the upper limits of

normality vary from <20 minutes to <60 minutes (Jorissen et al., 1997). Inter- and intra-individual

variability is great and results depend on the site of placement in the cavity, the state of congestion

of the nasal mucosa (nasal cycle), and most importantly the patients' cooperation. Abnormal

values may be found in upto20% of controls (Jorissen et al., 1997). In diseases, an increase in

the MTT may be observed but the overlap with normality and the variability is great. Additionally, it

may only identify cases with immotile cilia, and those cases in which cilia are beating dyskinetically

may be missed (Canciani et al., 19BB). This screening test for PCD was not used in this work.

Measurement of NO

There is evolving evidence that NO may well be useful in screening for PCD, and could distinguish

between these patients and those with atypical asthma where NO is often high (Narang et al.,

2002). lt is non-invasive and easy to measure by a method analogous to measuring lung function.

Almost all PCD patients studied have very low nasal NO. A nasal NO value of >250 ppb excludes

PCD with 95% certainty (Narang et al., 2002). Many have levels <100, and none have exhaled NO

>10 ppb. This study was retrospective and the findings need to be confirmed prospectively. This

would be possible in the children with bronchiectasis in Auckland in whom PCD has not been

excluded and extensive investigations have failed to reveal a predisposing diagnosis.

Making the definitive diagnosis of PCD

The definitive diagnosis of PCD requires assessment of both ciliary motility and ultrastructure, as

PCD may be due to abnormal beating of apparently structurally normal cilia. Until the work of this

thesis only airway biopsy specimens obtained at bronchoscopy were studied in Auckland using

electron microscopy, and nowhere in New Zealand was CBF measured clinically.

Obtaining cilia

Samples for examination can be obtained from bronchial biopsy, if a bronchoscopy is being

performed for another purpose, or nasal brushings (Rutland and Cole, 1980). Nasal cilia

abnormalities have been shown to reflect bronchial changes (Rutland et al., 1982c; Verra et al.,

1993; Clary-Meinesz et al., 1997). Brushing the nasal passage with a sterile cytology brush, which

does not require any anaesthetic, is the most convenient and non-invasive method. lt is also

important that the child has been free of either bacterial or viral respiratory infections for up to 4-6

weeks, as transient abnormalities of ciliary structure and function can occur and cause difficulties

with structural interpretation. The implications of this will be discussed in more detail below.
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Assessrnent of function

Many methods have been devised to measure CBF. High speed imaging by cinematography is

regarded by many as the optimal method to analyse ciliary function (Gray, 1930; Dalhamm, 1970;

Sanderson and Dirksen, 1985). Because of expense, difficulties with processing the image, and

lack of real time analysis a number of other methods have been developed such as the

photomultiplier (Dalhamm and Rylander, 1962;Yager et al., 1978; Rutland and Cole, 1980; Rutland

et al., 1982b) and photodiode techniques (Teichtahl et al., 1986; O'Callaghan et al., '1991) which

estimate beat frequency indirectly by detecting changes in light intensity passed through cilia while

they are beating. Recently a method replacing cinematography with digital high speed video

imaging, using 400 frames per second and a shutter speed of 1 in 2000, and played back at a

slower speed has provided new insights into ciliary motion (Chilvers and O'Callaghan, 2000a).

However, there have been no published studies showing it to be superior to the photodiode, and

the increased cost meant that this method was far beyond our research budget. This method was

compared to the photomultiplier and the photodiode method and widely different results were found

demonstrating that, whatever technique is used, specific normal ranges need to be established if it

is to be used to diagnose PCD.

Temperature control is vital for the measurement of CBF and especially when establishing a

hospital protocol. The most common method available for measuring CBF is to place a sample of

ciliated epithelium on a glass slide placed on top of a heated block of metal. The cilia are then

viewed under the microscope. The temperature of the heated stage does not necessarily reflect

the temperature of the cilia specimen. Many authors do not specify either the temperature of the

heated stage or of the specimen itself. Previous work on CBF and temperature has shown that a

change of 4oC can influence CBF by more than 2Hz (Clary-Meinesz et al., 1992; Green et al.,

1995; O'Callaghan et al., '1995). lt is therefore important to have an accurate heated stage with

uniform temperatures to within 1oC across the slide and be able to check this prior to taking

measurements. The work described in this thesis will show how this can be incorporated into the

most popular method of assessing ciliary function utilised by many centres around the world (Royal

Brompton Hospital, London and Concord Hospital, Sydney). This is the photodiode or photometric

method (Rutland and Cole, 1980)with fast fourier transfer (FFT) and computer software analysis of

the beat frequency. An experienced technician can also assess normality of co-ordination of the

beat pattern at the level of phase contrast magnification used (x40). Veale et al. (1993) suggested

that patients with bronchiectasis have a wider range of CBF in comparison with controls with some

cilia beating slowly. The normal range of CBF measured at 37oC has been stated to be 11-16H2

(Bush et al., 19BB). However, Rutland reported the mean CBF of normal subjects (mean age 40 t
SD 20 range 1-74) to be 11.6H2 + SD 1.5 (range 9.1-15.3H2), and Chilvers et al. (2003) found the

mean CBF to be 12.BHz in children (less than 18 years) with the Sih and 95th centiles to be 10.0 and

1B.1Hz respectively. lf the wave pattern or beat is abnormal structural analysis should be

undertaken.
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Assessment of structure using transmission electron microscopy

The visualisation of structural abnormalities of cilia is extremely difficult. The processing is lengthy,

and fraught with potential to lose the specimen. The appearances of cilia vary considerably with

different fixative methods. The dynein arms, particularly the inner arms, are extremely difficult to

visualise. The true incidence of abnormalities can only be ascertained by examining large numbers

of cilia. The assessment is more accurate if cilia from different cells are examined, ideally from

different strips of epithelium. Authors have advised at least a minimum of 50 cilia should be

studied. In reality, even in a well ciliated specimen when it is easy to see 50 cilia, for all of them to

be in the correct plane to make an assessment of the arms is unlikely. Other difficulties are

encountered in interpretation of what is described as abnormal. Abnormalities of cilia can be found

in up to 1Oo/o of cilia in a normal sample (Fox et al., 1983; Rossman et al., 1983; de longh and

Rutland, 1995). These can occur following insults such as viral infections. As some of the

abnormalities caused by minor infections can take anything from 2 to 10 weeks (Carson et al.,

1985; ) to recover, they can be confused with inherited abnormalities, and the diagnosis may be

unclear. lf a child has chronic nasal discharge, as is often the case in PCD, it is very difficult to

time the brushing during a symptom free period. lt is therefore importani to have experience from a

specialised centre to fully appreciate the differences between genetically determined, and

secondary or acquired ciliary abnormalities (Mierau et al., 1992; McAuley and Anand, 1998). lt is

not surprising that there is often a need for repeat diagnostic specimens.

Absence of dynein arms was the first defect described in PCD, and it remains the most common

abnormality (Afzelius, 1976). There may be complete absence or reduced number of either inner

and/or outer dynein arms (see Figure 1.3). Although absence of dynein arms usually occurs as a

single abnormality affecting all cilia, a partial dynein arm defect affecting variable percentages of

cilia in PCD patients has been reported (Escalier et al., 1982; Rutland et al., 1983a). In these

cases, it was postulated that either dynein protein synthesis or its assembly on microtubules could

be partially deficient (Cornillie and Lauweryns, 1984). In some cases, a portion of the inner or

outer dynein arm may remain attached to the microtubular doublet (Pedersen and Mygind, 1976;

Sturgess et al., 1982).

A number of defects of radial spokes have been described including total absence of radial spokes

and absences of radial spoke heads. These defects are easily recognised by an eccentric position

of the central pair of tubules (Sturgess et al,, 1979) (see Figure 1.4). A transposition defect has

also been identified where the central pair of tubules is missing, and one of the outer microtubular

doublets is transposed to the center (Sturgess et al., 1980) (see Figure 1.5).

A number of other defects have been identified including ciliary aplasia (no cilia and no apparent

ciliogeonesis) (Fonzi et al., 1982; Lungarella et al.,'1982; Gotz and Stockinger, 1983); abnormal

basal apparatus (Lungarella et al., 1985); abnormally long cilia (Afzelius et al., 1985; Niggemann et

al., 1992); and no structural abnormality despite ciliary dysmotility (Greenstone et al., 1983).
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Where no structural abnormality is apparent, repeat testing should be performed with orientation

studies if the clinical suspicion of PCD remains high.

Figure 1.3. Common ciliary defecfs found in PCD (Sturgess, 1984).

A shows absence of both arms; B shows partial dynein arm defects;

C shows absence of outer arms; and D shows absence of inner arms.
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Figure 1.5. A transposition defect (Sturgess, 1984).

ffi@

Figure 1-4. A radial spoke defect (Sturgess, 1984).
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Ciliary disorientation has also been described as a variant of PCD (Rutland and de longh, 1990;

Rutman et al., 1993; Biggart et al., 2001 ) (see Figure 1.6). Patients typically have cilia with normal

structure, and normal or near normal beat frequency, but their cilia lack efficacy because their beat

direction is disorientated. lt is thought to be secondary to a genetic abnormality of the basal bodies

or the anchoring mechanisms. This is measured from photographs taken of electron microscopy

cross sections of cilia. Lines are drawn through the central pairs, or to transect the midpoint of

base and apex of the basal feet, of cilia from one cell. These lines should be roughly parallel with

each other, and the standard deviation should be small. Typical normal values are SD 10-15%, but

for PCD with disorientation they are >20% (Rayner et al., 1995; Rayner et al., 1996). However,

disorientation is one defect that can occur secondary to infection, and a second specimen should

be taken after treatment to reduce infection and inflammation before the diagnosis can be

confirmed.

The most common secondary or acquired abnormalities of cilia are the compound cilia (see Figure

1.7) and the peripheral microtubular abnormalities. The most common ciliary membrane

alterations are membrane blebs or wings. Abnormalities of the whole axonemal structure, which

include absence or complete disorganisation of axonemes, intracytoplasmic localisation of cilia,

and even cilia aplasia should be interpreted with caution as they are frequently observed acquired

defects (Bertrand et al., 2000).

Figure 1.6. Ciliary orientation in normal subTecfs (A) and PCD (B) (Rutland, 1990).
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The lines have been drawn on the photographs through the central pairs of the cilia. In the normal subject in

A these lines are roughly parallel with each other, and the standard deviation (SD) should be small (f 0-f 5%).

B shows disorientation in a PCD patient, the lines are not parallel and the SD is >20%.
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1.7. A compound cilium.

No increase in ciliary abnormalities has been found in a variety of respiratory disorders: smoking,

asthma, allergic rhinitis, chronic rhinosinusitis, chronic bronchitis, and CF (Kollberg et al., 1978; Fox

et al., 1983; Rutland et al., 1983b; Rossman et al., 1983, 1984), but severe modifications of the

respiratory epithelium may be seen. In a few diseases, however, the incidence of various

abnormalities was increased. ln idiopathic bronchiectasis, recurrent respiratory tract infections and

pneumonia, compound, intracytoplasmic, and completely disorganised cilia are seen (Corbeel et

al., 1981;Cornillie and Lauweryns, 1984). Cornillie reported a partial, or local dynein arm defect in

children with acquired bronchiectasis (Cornillie and Lauweryns, 1984). However, de longh found

that patients (mean age 40 + 20 range 1-74years) with PCD had significantly higher incidences of

peripheral and central tubular defects and greater ciliary disorientation (de longh and Rutland,

1995). No differences were found in the ultrastructural features of bronchiectasis patients when

compared with healthy subjects. Dynein arm defects, specifically of the outer arms were

described, but these were only partial, reversible and patchy. Central microtubules disappeared in

half the cilia in association with recurrent respiratory infections, but resolved within 6 weeks

(Rutland et al., 1982a).

ln summary, the distinction between ultrastructural abnormalities in primary and secondary

dyskinesia is not easy. Repeat specimens are frequently required. lf a secondary ciliary

abnormality is demonstrated, a repeat specimen, preferably from another part of the respiratory

tract, e.g. the lower airway at bronchoscopy, should be obtained several months later following

intensive and prolonged treatment. Even afler this, diagnostic doubt may remain. Under these

circumstances the child should be treated as if they had PCD as failure to do so may lead to

permanent lung damage (Ellerman and Bisgaard, 1997).

Ciliogenesis in vitro

Ciliogenesis is a process that occurs in vivo. By recapitulating this cellular process in vitro it can

avoid the effects of pathogens on ciliary structure. Thus it allows the study of defects of ciliary

structure due to intrinsic (genetic, biochemical) or primary causes rather than secondary causes

(viral, bacterial etc). Epithelial cells can be cultured from specimens of nasal cup forcep biopsies
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(Jorissen and Willems, 2000; Jorissen et al., 2000a; Jorissen et al., 2000b, 2000c). Cell growth

from nasal brushings has also been successfully accomplished (personnel communication

Leicester and Chapel Hill ciliary laboratories). In those patients who despite repeated nasal

brushings the diagnosis is still in doubt, this procedure may be very useful, but is currently available

in even fewer centres than CBF and electron microscopy.

1.8. Ciliary abnormalities in New Zealand

Although geographically separate populations, Maori and Pacific lsland peoples may be genetically

close. HLA antigens have been studied and indicate a restricted gene pool (Waite, 1976). Subtle

ethnically determined defects, for example in mucosal immune function, remain a possibility.

Ciliary disease was reported as common in the Polynesian population (Wakefield and Waite,

1980). The finding of usual organ arrangement in virtually all patients with bronchiectasis however,

does not support the classic hypothesis that there is an underlying primary ciliary abnormality as a

cause for the disease. Afzelius (1996) hypothesised that the determination of situs in the

developing embryo occurs in a random way when ciliary defects are present, hence the apparent

50% incidence of situs inversus in PCD patients. Recent papers have shown that cilia on the

inferior surface of Hensen's node in the early mouse embryo are instrumental in determining the

left-right body axis and expression of certain genes in this process (Yost, 2003; McGrath and

Brueckner, 2003). Even though a role for dynein in both cilia and laterality has been confirmed in

mice (Supp et al., 1997), this only explains why situs inversus may be seen with dynein arm

defects. The way in which primary ciliary defects are related to left-right asymmetry in humans has

not yet been confirmed. lt is likely that some of the genes that control the more than 200 proteins

that make up a cilium are different to the genes that control laterality. Hence the absence of situs

inversus does not absolutely exclude an inherited abnormality of cilia in Polynesians. The

possibility that subtle inherited ciliary abnormalities, which may of themselves not be disease

producing but result in more severe lung damage for any given insult, may be relevant in this ethnic

group has not been addressed at all.

The ciliary abnormalities previously reported were only based on structural studies. Waite and

Wakefield's initial report of three cases of bronchiectasis looked for cilia and sperm tail

abnormalities and suggested a similar ultra-structural defect to that seen in Kartagener's syndrome

(Waite et al., 1978). In a follow up study (Waite et al., 1981)the cilia specimens were obtained

under general anaesthetic from either nasal or bronchial biopsy at pulmonary surgery. In all

patients there was a partial or complete loss of dynein arms. Also, in many patients other ciliary

abnormalities including solitary or misaligned central tubules or extra tubules were present in high

proportion, with often > 25% of cilia affected. This was in contrast to a control group that included

smokers where ciliary abnormalities were infrequent (<1%) and usually compound in nature.

Mucociliary clearance in all bronchiectasis patients was either absent or considerably reduced.

The ethnic breakdown of the patients was not given and numbers were small (n=20). The authors
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concluded that the diversity of the defects suggested that the underlying cause differed from that

seen in Kartageners.

The possibility of abnormal cilia being due to chronic bacterial infection and inflammation (Wilson,

1988) cannot be excluded. Some of the abnormalities such as absence of central microtubule are

normal findings in cross sections taken at the base of the cilium and should be confirmed by

examination of higher transverse cuts. Visualisation of the dynein arms can be affected by the

fixation procedure, the quality of the specimen, the sections made and subsequent electro

micrographs. Tamalet et al. (2001) recently discussed the significance of central complex defects

in the face of normal situs. They reported that patients with central defects had a severe clinical

presentation with a high incidence of respiratory tract infections leading to extensive

bronchiectasis. The clinical severity could not be simply explained by abnormal ciliary function, as

ciliary motility abnormalities were the same as the cases with dynein arm defects. They

hypothesised that either this was caused by a particular instability of central microtubules, short

central microtubules present in the basal part of the cilia, or a quantitative synthesis deficiency

providing central microtubule structures for only some cilia. The partial dynein arm defects could

also be explained by either reduced dynein protein synthesis or its assembly on microtubules could

be partially deficient. lnterestingly Huang also found that some Chlamydomonas dynein arm

mutants (e.g. pf-23 and pf-13 with partial defects of inner arms and outer arms respectively) are

incomplete (Huang et al., 1979). Patients with partial ciliary defects might only present clinically

once triggered by adverse environmental circumstances (such as environmental tobacco smoke,

poor housing, poverty) associated with the high occurrence of respiratory disease found in New

Zealand. A further small study (Waite et al., 1983) on six Polynesian children with bronchiectasis

examined mucociliary clearance and obtained cilia samples via nasal brushings, but only obtained

ciliated epithelium in 4 cases. The ultra structure was normal, although only small numbers of cilia

were examined. Since these studies were done new technologies have increased our

understanding of cilia structure and function. A further study to define ciliary abnormalities in this

population would be timely. However, no service existed in New Zealand, and so part of the work

of this thesis was to develop such a service, including the evaluation of appropriate techniques.

In summary, the absence of situs inversus makes it unlikely but not impossible that ciliary

abnormalities are a primary cause of bronchiectasis in Maori and Pacific lsland people. Subtle

defects in mucosal function remain a possibility, and genetic polymorphisms resulting in subtle

ciliary defects could potentially explain an increased likelihood of bronchiectasis secondary to a

given injury.
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l.9.Thesis hypotheses, aims and objectives

The work of this thesis is the result of clinical observations in the paediatric bronchiectasis clinic at

the Starship Children's Hospital, Auckland, New Zealand. As a result of these observations, the

following hypotheses were generated:

r Pacific lsland children have a higher prevalence of bronchiectasis, which is also unusually

severe compared with the New Zealand European population.

r This high prevalence and severity may be related to a higher prevalence of PCD in this

population.

r Pacific lsland children are more likely to get bronchiectasis secondary to other respiratory

insults because within the population there is a higher than normal prevalence of sub-

clinical ciliary abnormalities.

The aims and objectives of this thesis were therefore defined as follows:

Aims:

r Define the demographics, causes, and severity of the known paediatric bronchiectasis

population of Auckland and relate it to ethnicity.

r Establish a method for detecting ciliary dysfunction.

r Explore non-invasive methods for differentiating primary and secondary ciliary disease.

o Determine the prevalence of primary ciliary disease in paediatric bronchiectasis in

Auckland.

Objectives:

o Establish a database of children with bronchiectasis in Auckland

r Obtain and compare the values for ciliary beat frequency, nitric oxide, prevalence of

positive skin prick tests and lung function in normal healthy New Zealand children of

different ethnicities.

o Compare the results obtained for ciliary beat frequency, nitric oxide, prevalence of positive

skin prick tests and lung function from normal healthy European, Maori and Pacific lsland

children with a group of children with bronchiectasis.

This thesis begins with an audit of paediatric bronchiectasis in Auckland, to demonstrate how

significant a problem the disease is, and to show why it is important to test these hypotheses. The

subsequent chapters describe the methods developed to achieve the aims and objectives.
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CHAPTER 2

Prevalence of paediatric bronchiectasis in Auckland. New Zealand

2.1. lntroduction

Auckland paediatricians see a large number of Maori and Pacific lsland children with

bronchiectasis in outpatient clinics. Their disease appears to be extensive and associated with

significant morbidity. Whether there truly is a high prevalence of bronchiectasis in this paediatric

subpopulation of New Zealand in comparison with other countries is unknown. In order to move

from anecdote to evidence, this chapter will define the demographics and causes of the known

cases of paediatric bronchiectasis in Auckland. Comparisons will be made between this cohort and

previous paediatric series (see Table 1.1, page 4). This review will be the starting point for a

database for these children, to be used in the future to further track the original cohort, and add

new cases prospectively.

2.2. Definitions

A chronic productive cough was defined as a moist or wet cough that occurred on most days

with or without the visible expectoration of sputum for greater than 6 weeks duration.

Bronchiectasis was diagnosed by evidence of dilatation of the bronchial tree demonstrated on

HRCT scan done at a time of stability or post treatment. This was according to the radiological

criteria of Naidich et al. (1982) combined with a clinical history of a chronic productive cough.

The criteria require demonstration of a lack of normal bronchial tapering, or any bronchi to have

an internal diameter greater than the diameter of the accompanying pulmonary artery.

A diagnosis of asthma was made if bronchodilator responsiveness (defined as an increase in

FEVI of greater than g% (Silverman, 1995) following salbutamol via spacer or nebuliser

(600mcg <12 years, 12O0mcg>12 years, or 2.5m9 all ages respectively); and/or cough and

wheeze were improved with asthma therapy as judged by a respiratory consultant.

Chronic infection was defined as the repeated growth of the same organism on at least 3

occasions over a 12-month period. The sputum samples had to have been obtained at least

one month apart.

A significanf seyere pneumonia was defined as an event in a child, with no previous history

of respiratory symptoms, who had been admitted to hospital with clinical and radiological

evidence of a pneumonia that required either prolonged oxygen (>1 week) or ventilatory support

with the subsequent development of a chronic productive cough.

Aspiration pneumonia was defined as pH probe positive evidence of gastro-oesophageal

reflux with bronchoscopic evidence of inflammation and fat laden macrophages on
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bronchoscopy, or dyscoordinate swallowing demonstrated on videoflouroscopy with no other

reason to account for bronchiectasis.

2.3. Methods

B ro nc h i ectasis dafabase

Cases of bronchiectasis were identified from general and respiratory outpatient clinics at the

Starship Children's Hospital, and the computerized hospital discharge database using the

International Classification of Diseases Code ICD-9-CM (CM = clinical modification)], for

bronchiectasis 494, (congenital 748.61, tuberculosis current disease 011.5). A retrospective review

of the medical notes was completed for the known cases. Children were included only if they lived

in the Auckland Health District (see Figure 2.1). Data collected (see Table 2.1)included the child's

demographics, the number of hospitalisations pre and post diagnosis, pulmonary function tests,

radiographic reports, and laboratory investigations (see Figure 2.2 for the Starship chronic

productive cough protocol) which was updated and reviewed by myself at the time of the

commencement of the work of this thesis.

Relevant tests for aetiology were undertaken after evaluation of the history and examination. The

first series of investigations included full blood count and differential, erythrocyte sedimentation

rate, sweat test, serum immunoglobulins (plus subclasses) and specific antibodies. All children

had CF excluded as far as possible by sweat test alone or in combination with genetic mutational

analysis. Subsequent investigations depended on the clinical contexl and included serology for

respiratory viruses, barium meal or video fluoroscopy, investigations for allergic bronchopulmonary

aspergillosis (ABPA), further tests of humoral immunity (specific antibodies if not already done, and

response to vaccine boosters) and cellular immunity (T & B cell function, lymphocyte markers),

complement pathways and nitroblue tetrazolium (NBT) reduction tests, flexible bronchoscopy,

sinus CT scan and 24hour oesophageal pH recording.

Screening for ciliary dysfunction was underdeveloped and under resourced in New Zealand, and

one of the aims of this thesis was to address this problem. Children were only screened for PCD if

no cause for their bronchiectasis had been identified andior they had developed respiratory

symptoms involving both the upper and lower respiratory tract beginning soon after birth. At the

time of commencing the work of this thesis, only structural cilia analysis was available.
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Table 2.1 lnformation collected for the bronchiectasis database. For investigations

pertormed see Figure 2.2.

Personal History
DOB
Age at 1/1/01
Sex
Ethnicity
Place of birlh
Besidency status

Past medical history

Treatment
Medication
Physiotherapy
Compliance

Social history
Household smoking
NZDep96 score (Table 2.2)
Registered with a GP

Aetiology of bronchiectasis (if known) Physical examlnation
Age at diagnosis
Age at onset of symptoms
Duration of symptoms

Growth percentiles
Digital clubbing
Chest delormitv

Admissions pre & post diagnosis Lung function
Asthma/comorbidties Spirometry

lmmunisation status Bronchodilator responsiveness

The co-morbidities noted were recurrent otitis media, rhinitis, sinusitis (diagnosed clinically and on

sinus CT scan), congenital heart disease, failure to thrive, gastro-oesophageal reflux, scoliosis,

neurological conditions, prematurity, and oncological conditions. Information on respiratory

admissions was obtained from the NHI (National Health Index) coding system in addition to the

notes. Coding for all acute respiratory admissions were included - asthma, pneumonia, lower

respiratory tract infection (LRTI), bronchiolitis, exacerbations of chronic lung disease and/or

bronchiectasis, respiratory failure. Both the overall number of respiratory admissions and the

number of days as an inpatient were recorded.

Figure 2.1. Map of the Auckland Health District boundaries.

-
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Figure 2.2. Chronic productive cough investigation protocol on which the investigations

for the children with bronchiectasis were based.
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Deprivation score

The New Zealand deprivation 1996 index (NZDep96) (Crampton, 1997) is a system of establishing

socio-economic status and this was applied to the data collected. This deprivation score is based

on the residential address where the family live, and was originally developed for resource

allocation, research and advocacy. lt provides a score for a geographical unit or mesh block

def ined by Statistics New Zealand as containing at least 100 resident persons where possible. The

score is not specifically that of the subject; but of the small surrounding area and then only of

people living in private residences (not institutions).

The index combines nine variables from the 1996 census that reflect eight dimensions of material

and social deprivation (see Table 2.2). Of note there is a skewed distribution between the

NZDepgG scores and the NZDepg6 scale. This means that the difference between decile scores 2

and 5 is not large, while the difference from decile 7 and 10 is very large. The deprivation scale

ranges from 1 to 10, and reflects a continuum from 1 = lack of deprivation to 10 = the most

deprived areas.

Table 2.2 New Zealand Deprivation lndex 1996; variables of material

and social deprivation.

Access to a telephone within the home
Income - including means tested benefits
Access to a car
Living space / occupancy
Home ownership
Unemployment
No qualifications
Sinqle oarent familv as a measure of support

Although the indices used are adult{ype deprivations, validation of the index showed that there

was a strong association between current regular smoking and residential area of deprivation, and

the previous version ol the index was also found to correlate highly with childhood immunisation

status (Salmond et al., 1998). lt was felt to be appropriate for the current study since personal

information regarding income and employment is otherwise not easily available. Enquiry into these

areas might have compromised the current doctor - patient relationship and potential recruitment

for future research, and any answers would have been completely invalidated. ldeally I would have

prospectively collected the socio-economic variables but as stated the database included a

retrospective review and this data was often not well documented.

The process of generating deprivation scores involved making a list of the residential addresses of

the patients on the daiabase. Patient anonymity was maintained by using the study identification
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number. Addressing Solutions Limited (Lindsay Welsh) converted this into a meshblock using

maps of Auckland. This was then converted into a deprivation score using the deprivation index for

meshblocks.

Ethical approval

Ethical approval was obtained from the Auckland Ethics Committee. Approvalwas not obtained to

collect the addresses of the children. All information obtained was kept confidential and any hard

copies of the data kept in a locked filing cabinet. Only the researcher held data that would allow

identification of any child in this project.

Statistical analysis

Population clinical characteristics and pulmonary function were expressed as means with standard

deviations or medians with ranges, depending on whether they were normally distributed,

determined by using the Kolmogorov-Smirnov (KS) normality test. Linear and logistic regression

was used to investigate the relationship between NZDep score and the children's demographics.

2.4. Results

Subjects

Sixty children with bronchiectasis (36 males,24 females - sex ratio 1.5 to 1) were identified. The

median age as of January 1"t2001 was 10.2 years with a range of 1.6 to 17.3 years (see Figure

2.3).

Figure 2.3. Age of children with bronchiectasis (01/01/Ol).
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A third of the cohort were less than school age, and were unable to perform adequate lung function

tests or expectorate sputum. There was no parental consanguinity. The median age of diagnosis

by HRCT scan was 8.2 years (range 0.9-16 years), and 48% of the cohort was diagnosed at 6

years or below (see Figure 2.4).

Figure 2.4. Age at HRCT scan diagnosis of bronchiectasrb. Note that nearly

half the cases were diagnosed before 6 years.
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The age of onset of respiratory symptoms ranged from birth to 14 years with a median of 1.0 year.

In 1 1 cases (18% of the cohort) the age ol onset could not be defined, and therefore the duration of

symptoms before diagnosis could not be verified. In the remainder of the children the duration of

symptoms before bronchiectasis was diagnosed, ranged from 0.3 to 15.6 years with a median

value of 3.2 years. The median number of respiratory admissions pre-diagnosis was 4 with a

range of 0-18 (see Table 2.3). The duration of disease since CT diagnosis ranged from less than 1

month to 11 years with a median of 1.4 years.

Table 2.3. Number of admissions and inpatient days pre and

post diagnosis of bronchiectasis.

Admission data Median Range
Admissions pre diagnosis
Inpatient days pre diagnosis
Admissions post diagnosis

4 0-18
12 0-204
1 0- 18

fnpatient davs post diaqnosis 12 0 - 19

Total respiratory admissions
Total inpatient days

6 0-32
31 0-237
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Fifty two percent had digital clubbing. Sixty percent had chronic chest deformity (either

hyperinflation or Harrison's sulci). No child had situs inversus. Only 5 children were failing to thrive

and this was either in the context of significant GORD or oxygen requirement. The median weight

for the cohort was on the 63'd percentile, and the median height / length on the 50th percentile.

Only one child was less than the 3'd centile, while 6 children weighed greater than the g7%.

Conversely 1 child was taller than the 97th centile, but 5 children were < the 3'd centile for height /

length (see Figure 2.5).

Figure 2.5. Height and weight percentiles for the children with bronchiectasis.
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Ethnicity / birth place / first language

Fifty three percent of the children were of Pacific lsland ethnicity (32160), 27o/"Maori (16/60), and

13olo European (8/60), 7o/o wae either'other'or had identified themselves as'mixed'ethnicities

(4/60). Within the Pacific lsland origin group the largest group was Samoan 25o/o (15160), followed

by Tongan 12'/" (7160), Cook lsland 8% (5/60), Tuvaluan 3o/o (2160), Rarotongan 3"/" (2160) and

Fijian 2"/" (1/60). There was an increased proportion of Pacific lsland and Maori in the cohort

compared with the regional ethnic make-up, which is almost half European with the remainder

equally divided between Pacific, Maori and other ethnicity children (see Figure 2.6).
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Figure 2.6. Auckland paediatric population (1996 census) compared to the

bronchiectasis population according to ethnic group. There is a strong

over-representation of Pacific lslanders, and an under representation

of Europeans, in the bronchiectasis cohort.
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Using the'1996 paediatric census ligures (age range 0-1Syrs) (Statistics New Zealand, 1997) it is

possible to crudely estimate the prevalence of bronchiectasis in Auckland as 1 in 5,114 (or

2/10,000). The prevalence in Pacif ic lsland (1 in 1,592 or 6.3/10,000) and Maori children (1 in 3517

or 2.8/10,000) were greater than in the European children (1 in 18,680 or 0.5/10,000) (see Table

2.4).

Table 2.4 Crude estimates of bronchiecfasrls prevalence in Auckland.

Ethnicity Auckland paediatric
population (1996 census)

Estimated prevalence
of bronchiectasis

European
Pacific lsland
Maori
Other

149,439
50,931
56,274

1 in 18,680
1 in 1592
1 in 3517
1 in 894235.769

Total 306.828 1 in 5114

NB. The ethnicity was not stated in 14,41 5 cases in the census.

Eight of the 60 children ('13"/o) were born outside New Zealand - 4 from Samoa,3 from the Cook

lslands (Rakahanga, Pukapuka, Rarotonga), and 1 from South Africa. All but two entered the

country as infants; the remainder immigrated between 4to 12 years of age. Twenty seven percent

of the families did not speak English as their first language and required interpreters for

consultations; 9 Samoan, 3 Tongan, 3 Cook lsland and 1 Tuvaluan.
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Distribution of patients within Auckland

Forty eight percent of the cases had a residential address in South Auckland, 28o/o lived in Central

Auckland, 20"/o West Auckland and the remainder (4o/o) in North Auckland.

Primary, secondary and tertiary care

Fifty three percent of the children were reviewed at the tertiary Starship clinic every three months;

the remainder were under shared care with their primary paediatrician within Auckland. In 1Oolo of

cases the primary paediatrician was an immunologist, one South Auckland paediatrician followed

up a further 1Oo/o of the cohort, but the remainder were fragmented between 9 different

paediatricians. Ten of the children were not formally registered with a general practitioner.

Socio-economic status

The deprivation score data is shown as a map (see Figure 2.7), where the circles represent the

home address of the child and the colour denotes the level of deorivation. The median deorivation

score lor the cohort was 9 (see Figure 2.8).

Figure 2.7. Map of the Auckland with coloured circles representing the location and

deprivation index categories of the addresses of the children with bronchiectasis.
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NB n=60; one = lack of deprivation to ten = the most deprived areas.
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Figure 2.8. Number of children with bronchiectasis within each category

of the deprivation score.
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Twenty-five (4O"/o) of the children were categorised as 10 which indicates that the mesh block in

which they reside is in the most deprived 10"/o of NZDep96 areas in New Zealand. Indeed 41

(68%) of the cohort scored greater than 7, and only one European child was categorised as 1. Of

the 4'f children 27 (66c/0) were Pacific lsland, I (22"/") were Maori and 3 (7"h) were European, and

2 (5o/o) were other ethnicities. A significant difference existed between ethnicity and deprivation

score (p=0.002), indicating that non-Europeans were more likely to be disadvantaged. The crude

indicators of disadvantage available from the medical notes showed that the median household

number for the cohort was 5 (range 2-14). Eleven had no access to a telephone at home, ''|2 came

from one-parent families (3 adopted, 1 fostered), and 2 families were resident in New Zealand

illegally. lmmunisation status was verified from the medical notes in only 54 of the children. Thirty-

nine (72o/o) had completed the NZ immunisation schedule appropriately, 14 (26"/o) were either

incomplete or significantly delayed, and 1 child had not received any immunisations. In 35 (58%)

of the families one or more members of the household smoked on a daily basis. Of these families

53% were Pacific lsland, which was significantly higher (p=0.09) than the other ethnic groups

(Maori 33oh,4o/o European, and 10o/o were other ethnicities). All children who were more than 10

years old were specifically asked about and denied smoking. A significant relationship between

NZDep96 and family history of smoking or immunisations was not found in this study.

Aetiology

Despite extensive investigations the aetiology in over half the cases of bronchiectasis remained

undetermined (see Table 2.5).
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Tahle 2.5. Presumed aetiology of bronchiecfasis after investigation.

Aetioloqy Number (o/o)

Unknown 31(52V;)
Significant preceding pneumonia 14 (23o/o)

Staph aureus
Strep pneumoniae
Adenovirus
Pertussis (2 also had adenwirus)

Aspergi | | osis (oncology patient)

Mycoplasma
Tuberculosis

lmmunodeficiency

2
1

5
3
1

1

1

7 (12"/")

Severe combined 1

Common variable 3
X-linked agammaglobulinemia 1

Chronic granulomatous disease 1

Specific antibody 1

Aspiration 6 (10%)

Other (burns, Marfans syndrome) 2 (3o/"\

Seventy-four percent (23131) of these had a history of recurrent lower respiratory infections of no

known cause. ln 23o/" the presumed aetiology was secondary to a severe pneumonia. We

considered that the pneumonia might have been the first manilestation of underlying

bronchiectasis, but the lack of any respiratory symptoms, particularly chronic productive cough,

prior to the episode and subsequent investigation excluding a primary immunodeficiency or other

known cause mitigated against this view. Microbiologically proven severe pneumonia included

Staphylococcus aureus, adenovirus, pertussis, Streptococcus pneumomae, aspergillosis [in a child

with acute myeloid leukaemia (AML)1, Mycoplasma, RSV and luberculosis. Other causes included

primary immunodeficiency, recurrent aspiration, and miscellaneous other causes (Marfan's

syndrome and severe burns). PCD had not been confirmed in any of the children in this

retrospective review. The hypothesis was that this was because satisfactory analysis of cilia was

not available; this will be examined in the next chapter.

Sputum culture and chronic intection

Organisms were identified in 40 out of the 60 children. Eighty three percent of the 40 children

suffered from chronic infection with Haemophilus influenzae (non-typeable), and three ol these

children had concurrent chronic inlection with Streptococcus pneumoniae and Haemophilus

influenzae (non-typeable). No child grew Staphylococcus aureus, and 1 child with a tracheostomy

in situ grew a gram negative organism (Pseudomonas aeruginosa) (see Figure 2.9).
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Figure 2.9. Micro-organisms associated with chronic intection in the

ch i ld ren with bro nch iectas i s.
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Lung tunction

Thirty-nine (65%) of the children were able to perform lung function, and this was compared to

reference standards for our laboratory, by ethnicity (Asher et al., 1987). The median

measurements were FVC 86% predicted (range 33-109%), FEV1 69% predicted (range 36-110%),

FEF2'-75 53o/o predicted (range 1O-131"/o). In 360/o, FEVr was less than 60%. Bronchodilator

responsiveness was assessed in 36 (60%) of the children of whom 13 (36%) demonstrated a

positive response.

Co-morbidities (see Table 2.6)

There was a clinical history of asthma in 38% of the children. No child had a history of

haemoptysis. Two children had gastroesophageal reflux severe enough to warrant a Nissen

fundopllcation. lt is important to highlight the number o{ children with upper airway disease as well

as bronchiectasis. These features are characteristically seen in children with CF,

immunodeficiency states, and in PCD. As discussed in chapter 1, the treatment of the CSOM is

different in PCD and recognition of the diagnosis can prevent unnecessary surgery and morbidity

f rom discharging tympanostomy tubes.
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Table 2.6. Co-morbidities of the children with bronchiecfasrb.

Co-morbidities No Cases 7o

Asthma
Gastroesophageal reflux ( 2 gastrostomies / Nissen fundoplication)
Chronic otitis media
Sinusitis
Prematurity (s35/40)
Failure to thrive
Developmental delay
Scoliosis
Neurology (bulbar palsy, vocal cord palsy)
Oncological (acute leukaem ia)
Tracheoesophageal f istula
Heart disease (ventricular septal defect, valve disease)

23
I
11

I
5
5
'l

1

2
4
1

2

38
13

18
15

8
8
12

2
3
7
2
3

Managament

Twenty two percent of children were prescribed prophylactic oral antibiotics; the entire cohort had

intermittent oral or intravenous antibiotics. Forty five percent were prescribed regular inhaled

corlicosteroids, and over 50% a short acting bronchodilator despite the fact that only 36% had

demonstrated a significant bronchodilator response to this. There were I children on oxygen (2

continuous and 6 overnight). All children had been visited regularly at home and in clinic by the

Starship bronchiectasis physiotherapist. The figures for compliance shown in Table 2.7 are the

result of subjective assessments made by the physiotherapist, who compared what the children

and families were prescribed to be doing and what she knew they were doing in reality. Despite

the work of the physiotherapist, 47o/o of the families / children had problems adhering to the

prescribed regime (see Table 2.7). The reasons given were varied and included complaints about

the time taken for treatment, and the discomfort or pain caused by it. Contrary to optimal

management advice, many of the Maori and Pacific lsland families would also either make no

change or decrease physiotherapy frequency when the child was unwell. In European families

there was a reported increase in physiotherapy frequency when the child was unwell (personnel

communication, Ms Sarah Butler, Starship bronchiectasis physiotherapist). The Maori and Pacific

lsland families felt that having antibiotics for an exacerbation was the next step up or a stronger

treatment and physiotherapy, the lower level treatment was then not needed. Only two children

had a history of lobectomy, both were immunosuppressed and were awaiting bone marrow

transplant for leukaemia.
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Table 2.7. Methods of chest physiotherapy and compliance as assessed by a

physiotherapist.

Phvsiotherapv No. of patients {%)
Active cycle of breathing technique (ACBT)
/ Postural drainage (PD)
Peak expiratory pressure (PEP) device
Flutter device
Exercise / nil formal

51 (85)
3 (5)
2 (3)
4 (7)

Compliance
Good (once or twice daily)
Intermitent (only when well)
Noncompliant

1e (32)
13 (22)
28 @7\

2.5. Discussion

The principal finding of this retrospective analysis is that bronchiectasis is alarmingly common in

Auckland, New Zealand children. The estimated prevalence is approximately 2/10,000 and is

disproportionately more common in the Pacific lsland (6.3/10,000) and Maori children (2.8/10,000).

As the reported prevalence of CF in the general New Zealand population (predominantly New

Zealand European) is 1:3179 (Wesley, 1998), bronchiectasis notcaused byCF in Pacificchildren,

is twice as common in the general population of Auckland than in the New Zealand European

population. While there was a wide range of presumed aetiologies and co-morbidities, over half

remained undiagnosed despite extensive investigation. The median duration of symptoms before

bronchiectasis was diagnosed was 3.2 years, and there was a median number of respiratory

admissions pre-diagnosis of 4. At the time the analysis was performed the median measurement

for FEVI was 69% predicted, and in 36% of the series the FEV.' was less than 60%. The results of

the NZDep96 index suggest significant socio-economic deprivation in the families of the affected

chifdren, and immunisation rates were estimated to be only 72o/o.

This review is limited by the mainly retrospective design and data collection. The estimate of

prevalence is crudely based on the number of children who have reached a tertiary clinic. Despite

this probable underestimate, the Auckland figures are higher than any other recently published

data from developed countries. Paediatric studies in the United States, Great Britain, Scotland and

Copenhagen (Brown and Lemen, 1998) have reported an estimated incidence of 1-2 children per

10,000. As discussed previously, higher incidences have been described in the Australian

Aboriginals (Chang et al., 2002; Chang et al., 2003) and the Alaskan Natives (Fleshman et al.,

1968; Singleton et al.,2000). There was insufficient data in the more recent Turkish series

(Karakoc et al., 1997; Karadag et al., 2001; Karakoc et al.,2AO1) to adequately assess the

prevalence.
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This study was not designed to make direct comparisons with clinical data on children in Auckland

who have CF. lt is true to say however that Pacific lsland children in Auckland are twice as likely to

have bronchiectasis than European New Zealand children are to have CF. However, there

appears to be a huge difference in levels of public awareness, and health funding for these two

groups which needs to be addressed. Adult data also suggests that Pacific lsland and Maoriadults

have a higher morbidity, and the mortality in the 15-50 year old age group at times is over double

the current asthma mortality rate (O'Neill M, 1995; Kolbe and Wells, 1996).

The high prevalence figures compared with other recently published data may relate to using

HRCT scan diagnosis rather than using a CXR or "probable" clinical diagnosis. Although CT

scanning has facilitated earlier diagnosis, it could be criticised as over diagnosing less clinically

relevant cases, or even abnormalities which may be reversible. However, CXR and clinical

assessment could possibly over diagnose cases as well. This will be expanded upon in the next

chapter when the extent and severity of the disease seen in these children will be examined

A suitable assessment of lung function requires age, sex and ethnically matched controls with at

least two scores which are comparable. Unlike this current review, some of the previous series

that reported lung function did not reference their normal data. Although lung function in the

Auckland children with bronchiectasis was better than the Turkish values (Karakoc et al., 2001), the

author did not reference the controls for spirometry. Ellis et al. (1981) found mild airways

obstruction with 37% having an FEVI of greater than 70%. The absence of normal lung function

reference data mean comparisons must be made with caution. Chang used European Respiratory

Society values as reference with no ethnic corrections for her assessment of the Australian

Aboriginal children. Twenty-seven Aboriginal children were tested with a median FEV' of 66%

predicted (range 38-98%). This compares with a median FEVI of 69% predicted for the Auckland

series. Landau et al. (1974) reported that one third of cases have a spirometric abnormality, and

used 2 or 3 efforts and estimated lung volumes by taking the percentage predicted for height and

sex as described by Polgar and Promadhat (1971). However, the higher numbers who had

undergone surgical resection confounds comparisons. In the latter series almost a third had

previous surgical resections of varying degrees, in comparison with only four cases in the

Australian series and two cases in the current Auckland series. Availability of infant lung function

would have made it possible to invite those children with bronchiectasis less than 5 years of age to

be involved in the study. Work to achieve this would have been ideal but not practical in New

Zealand at this time.

The symptom of wheeze appears to be uncommon in past series, the prevalence being only 8% in

Clark's series (1963) and 11% in Glauser's (1966). Asthma or reactive airway disease was

diagnosed in 74o/o of Alaskan children with bronchiectasis but only 31% in the Australian series and

38% in this current New Zealand series. Wheeze is a difficult symptom to define, and may be due

to bronchospasm, ainvay malacia or merely airuvay secretions and is commonly reported wrongly

by parents (Cane et a|.,2000; Cane and McKenzie,2001). Hence, differences in the definition of
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asthma, combined with differences in the reference values used for spirometry could account for

these discrepancies. Historically asthma, and bilateral disease, was associated with a poor long-

term outlook (Field, 1969). ln subjects with CF and severe bronchiectasis when bronchodilator

responsiveness is demonstrated, it is possible that this reflects airway damage associated with

increased cholinergic tone, rather than classical eosinophilic airway inflammation. The association

of asthma and worse prognosis in bronchiectasis could therefore merely reflect that patients with

worse bronchiectasis have more ainivay damage (e.9. causing acquired bronchomalacia), which is

manifested clinically by wheezing and evidence of bronchodilator responsiveness (Eggleston et al.,

19B8;van Haren et al., 1992).

The literature suggests that the majority of cases of bronchiectasis (60-84%) present in the pre-

and early school years (Strang, 1956; Clark, 1963; Field, 1969; Fernald, 1978). Only 48% of the

cohort presented at age less than 6 years, despite the median duration of symptoms being 3.6

years, with a median number of respiratory admissions pre-diagnosis of 4 with a range up to 18. In

New Zealand clinical experience suggests that this appears to be due to a combination of either or

both under recognition of the symptoms and being wrongly labelled as having asthma, rather than

just presenting later. A large proportion at the time the analysis was performed (52%) also had

digital clubbing and chest deformity (60%). This compares with only 29% with digital clubbing and

59% hyperinflation in the Australian Aboriginal children (Chang et al., 2003). Digital clubbing has

previously been described as only being present in 3-51Yo lllYo of cases (Shang, 1956), 37%

(Clark, 1963),44% (Field, 1969), 3-51% (Brown and Lemen, 1998) 35% (Karakoc et a|.,2001)1.

Field suggested that clubbing was disappearing with the use of antibiotics (Field, 1969).

Clark (1963) also reported that 43%of the children in his series were belowthe tenth percentilefor

height and weight. Failure to thrive was also a predominant (74oh) co-morbidity of the Aboriginal

children. Although failure to thrive was not a significant feature (n=5, 8%) of the New Zealand

series, it is important to note that the growth charts routinely used do not reflect Pacific lsland or

Maori children's 'normal' physique; they generally are bigger than European children. The

predominately high calorie diet of the Pacific lsland and Maori children may also affect their

percentiles. An important co-morbidity highlighted in the Australian cohort was CSOM that

occurred in over 59% of the Aboriginal children but only 18o/o of the New Zealand cohort. As

highlighted previously the occurrence of suppurative upper and lower airway disease is indicative

of PCD, CF or an immunodeficiency, however the high rates in the Aboriginal children with

bronchiectasis is currently explained by poverty and poor access to health services.

No cause for bronchiectasis could be identified in 52o/o of the children despite extensive

investigations. The Turkish series reported a cause in 40% of cases (Karakoc et al., 1997).

Although the majority of the Aboriginal children in the Australian series did not have a treatable

underlying cause, investigations (particularly serum immunoglobulins and flexible bronchoscopy)

had significant impact on management in 12% of the children (Chang et al., 2003). Previous

admissions for pneumonia were almost universally present in the Australian cohort. Of those

51



children in whom no cause could be found in the Auckland series, 74o/o had a history of recurrent

lower respiratory infections prior to diagnosis. This could be seen in two ways. Either recurrent

lower respiratory infections is the aetiology of the bronchiectasis seen in New Tealand in keeping

with the recognised high hospitalisation rate for pneumonia in Auckland (Grant et al., 1998; Grant,

1999; Grant et al., 2001). Or just that the children were having infective exacerbations of

previously undiagnosed bronchiectasis. Some of these children with bronchiectasis, who defied

diagnosis despite completing all the usual diagnostic tests, may have an as yet undiagnosed defect

of respiratory defences, and part of the work of this thesis is to attempt to confirm this. However,

taking into account the long duration of symptoms and multiple admissions pre diagnosis, under-

recognition of a chronic productive cough, previous untreated or under treated lower respiratory

tract infections related to delayed and poor access to primary health care (French et a1.,2001),

may be a more likely sequence of events leading to the development of bronchiectasis. In only

23o/o of our series could a single significant pneumonia be identified as a cause for the

bronchiectasis compared with the majority in the Alaskan series (Singleton et al., 2000).

Pulmonary tuberculosis used to be the most common infectious agent predisposing to

bronchiectasis. Rates of pulmonary tuberculosis within New Zealand remain high (personnel

communication Institute of Environmental Science and Research Ltd). Despite the high rates, in

contrast with reports from Alaska (Singleton et al., 2000) and Turkey (Karakoc et al., 2001), we had

only one child with a history of pulmonary tuberculosis that could be related aetiologically to

bronchiectasis. However, not all the children are routinely Mantoux tested.

ft is known lhat Staphylococcus aureus pneumonia can in some cases lead to a serious rapidly

progressive pneumonia associated with high mortality and, as in two cases in this series, prolonged

morbidity. There is evidence that this organism may be becoming more common in New Zealand,

and is over represented in Polynesians (Crump et a1.,2001). Although the organism does not

appear commonly in this series, it may become more prominent in the future. Treatment of serious

respiratory infections when no organism can be identified needs to include anti-staphyloccocal

antibiotics based on local sensitivities, and the child followed up in outpatients to monitor their

ongoing respiratory symptoms to ensure resolution of the infection.

Twelve percent of the cohort had a primary immunodeficiency, and the most common deficiency

was of B cell function. The reported incidence of the association between bronchiectasis and

antibody deficiency varies from 6 lo 48o/o [48% (De Gracia et al., 1996), 6% (Hill et al., 1998), 23%

(Stead et al., 2002)1. Hilton (Hilton and Doyle, 1978) found that 79% of cases of bronchiectasis

had a least one abnormality of immunoglobulins (mostly elevation), and 15% had elevations of all

three classes. lt is unclear if these are mediators of, or responses to, ongoing infection and

inflammation. In our series 32% had normal levels, in 21o/o all three classes were elevated, and

44o/o had at least one class elevated. Thirty nine percent had elevated lgG, 38% lgA, and 29o/o

lgM. HIV remains uncommon in our paediatric population (4 diagnosed in a national surveillance

programme in 1 year, 2000). lt is unlikely that the group of HIV children at risk from bronchiectasis

(CD4<100, Sheikh et al., 1997) would present with bronchiectasis as an isolated finding, and
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lymphocytic interstitial pneumonia (LlP) was not identified in this series. HIV testing is not a routine

part of our investigation, but this may need reconsideration in the future.

In relation to Becroft's work (1967, 1971, 1979) and the reported development of bronchiectasis

following adenoviral disease, 7 cases in the series had previous adenovirus infection. Type 1 (1

case), 3 (3 cases), and 14 (2 cases) were identified; one was not typed. There is currently no

routine follow-up or screening for children who have either whooping cough, which still causes

epidemics every 3-5 years in New Zealand, or adenovirus bronchiolitis. Many cases of

bronchiectasis in these children may go unrecognised until the adult years. This may be for a

number of reasons. The child's cough may have become so chronic that it was no longer

considered abnormal or noticed by the family especially if other family members had similar coughs

due for example to smoking. lf there was no clear significant respiratory event such as a
pneumonia, in retrospect the time when the child began to have respiratory symptoms may

become impossible to accurately delermine. Johnston et al. (1998) and colleagues reviewed the

effect on lung function in adults who had a history of pneumonia or pertussis as children, and

showed that people often forget these life events. RSV lower respiratory tract infections are

extremely common, yet long{erm sequelae in previously healthy infants and children are rarely

reported (Massie and Armstrong, 1999). RSV was known to be associated with some of the cases

in this series but by our definition of severe pneumonia we did not consider it to be a significant

pre-morbid factor likely to predispose to bronchiectasis.

The immunisation rates for the general New Zealand population are lower than most Pacific lsland

communities, and below WHO recommendations, lt has been falling further in more recent years.

In 1996 although improved from 1992 (55.4o/o), an immunisation coverage survey in Auckland

estimated 63.1% of children were immunised by 2 years, but Maori and Pacific lsland children were

less likely to be fully immunised at this age (44.6% and 53.1% respectively, compared to 72.3o/o

European) (Rainger et al., 1998). In 1999 the Health Funding Authority (HFA) estimated

immunisation coverage was79.2o/o completed at 2 years. Our estimates for the cohort of children

with bronchiectasis were 72o/o, similar to these figures.

Applying the NZDep96 index suggested significant socio-economic deprivation within the families.

This combined with language difficulties may affect access to healthcare, understanding of the

condition, and its appropriate treatment. A larger proportion of Pacific lsland and Maori children

live in households that are either crowded or have a low income (Fancourt, 1997). There is also

evidence that the quality of primary care in New Zealand is different for different ethnic groups,

being inferior for Maori and for those of low income (Grant et al., 1997a). Access to primary health

care in New Zealand is most difficult for low-income families because out-of pocket expenditures

have risen, and low-income people continue to under-use primary health care (French et al., 2001).

Although smoking is strongly correlated with socio-economic status (Crampton et al., 2000), a

relationship was not found in this study. This may have been because in this retrospective review
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no biochemical marker (e.9. salivary or urinary cotinine) was available to verify the smoking history,

which would have given strength to this observation. The reported prevalence of smoking in the

Auckland adult population is 22o/o (44% Maori, 29o/o Pacific lsland, 20% European, 30% other)

(Laugesen, 1999). A higher proportion in our cohort was from Pacific lsland households rather

than Maori. Passive smoke inhalation especially < 2 years is associated with an increased risk of

lower respiratorytract infections (Strachan and Cook, 1997). lt is estimated thatthree quarters of

New Zealand children <5 years are exposed to environmental tobacco smoke at home or in cars.

We did not identify a child that smoked despite the fact that a third of children have tried cigarettes

by age 11 (Action on Smoking and Health (ASH) 1998 survey of smoking among fourth-form

students). lncreased support needs to be provided in this area to reduce second-hand smoke

exposures in children with bronchiectasis, and reduce the likelihood of becoming smokers

themselves in the future.

The predominance of cases identified in South Auckland strongly indicates where geographically

healthcare should be targeted for these children. In a city like Auckland with poor public transport

facilities, it is very difficult for families to get to the Starship Hospital for appointments and then

return in time to be available to collect other siblings from school. A bronchiectasis out reach clinic

needs to be organised to aid access to tertiary healthcare for these families. South Auckland

bronchiectasis clinics would improve access to care for these families. Better information on

bronchiectasis in English, Maori and Pacific lsland languages, and communication about the

disease by culturally appropriate workers should be available. Ongoing support both in hospital

and in the community as to the importance of chest physiotherapy in bronchiectasis is also very

important. These improvements may reduce future pulmonary morbidity and medical costs. As a

result of these observations along with help from Mrs Sarah Butler (bronchiectasis physiotherapist),

I put together an information leaflet for families on bronchiectasis (see Appendix A) and an

information leaflet for schoolteachers (see Appendix B). lt is hoped that the family leaflets can be

translated into Samoan in the future. We also compiled an educational video about bronchiectasis

for families organised through an Auckland University of Technology student (Mr Mick Andrews)

called 'Bronchiectasis & You'.

In summary, this review has shown paediatric bronchiectasis remains a significant challenge for

paediatric health professionals in New Zealand in the 21"tcentury. lt is hoped that the

establishment of a database for children with bronchiectasis will not only facilitate collaborative

research in the future, but act as a template for a national database for New Zealand which can be

used to support applications for health planning and funding. The prevalence of paediatric

bronchiectasis in Auckland is high in comparison with published worldwide data. lts aetiology

remains unknown in more than half of the cases. Socio-economic disadvantage and poor

immunisation rates may play a significant role, but this study involves relatively small numbers to

make firm conclusions on these particular co-factors. The associations may be artefactual and

need to be confirmed prospectively. Bronchiectasis appears to be unrecognised despite repetitive

presentations to hospital with a suggestive clinical picture. One could surmise from this that there
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may be a large number of undiagnosed cases of bronchiectasis within Auckland. Early referral of

children who have a chronic productive cough for more than 6 weeks, and recurrent chest

infections may be critical.

Whether deprivation, and the association this has with Pacific lsland and Maori people in New

Zealand, is the primary cause of the high rate of bronchiectasis is unclear. Pacific lsland children

especially appear to have a vulnerability to respiratory disease from a young age. The question to

be addressed in this thesis is whether there may be a specific inborn defect of the lung defences in

Pacific lsland people, which may increase their vulnerability to infection. In this retrospective

review there was poor documentation of symptoms originating from birth. This is not only a

weakness of prior clinical evaluation but also a weakness of this review. In the future the database

should include this question and more details about CSOM to improve recognition of PCD. Despite

the concern surrounding PCD in the Maori and Pacific lsland populations (Waite et al., 1978;

Wakefield and Waite, 1980; Waite et al., 1981;Waite et al., 1983), investigations for PCD were

under resourced and as a consequence PCD could not be diagnosed in any of the cohort. A

service to adequately investigate cilia structurally and functionally should be supported and

developed in New Zealand given our high rate of disease.

Having documented that bronchiectasis is alarmingly more common in Maori and Pacific lsland

children, the next chapter will evaluate whether the disease seen is indeed extensive and severe to

complete the achievement of the first aim of this work. Whether a relationship between deprivation

score and severity of disease exists will also be examined. Following this the methodology and

piloting of a technique to evaluate cilia will be described.
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CHAPTER 3

HRCT assessment of paediatric bronchiectasis in Auckland. New Zealand

3.1. lntroduction

Non-CF bronchiectasis in children presents with a wide spectrum of disease severity. While some

children only have intermittent symptoms of cough and occasional lower respiratory tract infections,

others suffer from daily cough, are productive of purulent foul smelling sputum, and need frequent

hospital admissions because of respiratory exacerbations. ln these cases, despite intensive

treatment, bronchiectasis can be progressive resulting in extensive disease and lead to respiratory

failure and premature death.

Non-invasive assessment of the severity of bronchiectasis conventionally includes physical

examination, sputum microbiology, pulmonary function tests, hospital admission frequency and

duration, and radiological evaluation. The hallmark of bronchiectasis is airway obstruction

(Cherniack and Carton, 1966; Pande et al., 1971), and although pulmonaryfunction can be a good

indicator of this, changes in pulmonary function may be due to a variety of morphological

abnormalities, and significant lung damage may occur before changes are identified (Cochrane et

al., 1977; Wong-You-Cheong et al., '1992; lp et al., 1993). Children less than school age or who

are developmentally delayed are unable to perform standard spirometry, and pre*school and infant

lung function remains a research tool.

It has been well established that computed tomography (CT) of the chest in bronchiectasis,

especially high resolution CT (HRCT), provides more detailed information than chest x-rays (Currie

et al., 1987; Silverman and Godwin, 1987; Nicotra, 1994). Unlike pulmonary function tests or

CXRs, a CT scan can diagnose bronchiectasis; localise and accurately describe areas of

parenchymal abnormality; identify bronchiolar abnormalities to the level of the fifth or sixth

generation; and identify focal areas of air trapping as an indication of small airways disease (Brody,

1998). There is emerging evidence in adults that the number of abnormal airways found on HRCT

correlates with the degree of impairment of pulmonary function (Wong-You-Cheong et al., 1992;

Lynch et al., 1999; Roberts et al., 2000) and therefore can be used to grade disease severity. A

more recent study in adults with non-CF bronchiectasis has suggested that while mucus plugging

on CT correlates with minor fluctuations in pulmonary function, the severity of bronchial wall

thickness is the primary predictor of functional decline, suggesting that CT scans may be useful in

monitoring disease progression in bronchiectasis (Sheehan et al., 2OO2). In children however

much more work has been reported on bronchiectasis secondary to CF lung disease (Shah et al.,

1997; Helbich et al., 1999). Dakin et al (2002) has described that in children with CF HRCT

findings correlate with increasing age and with deterioration in FEVr. A study in children and young
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adults with CF demonstrated that using multivariate analysis the major morphological predictor of

functional abnormality, as expressed by the loss of forced expiratory volume in one second (FEVr).

was bronchial wall thickening and atelectasis-consolidation (Oikonomou et a|.,2002). However, it

has been confirmed in children with CF that despite normal spirometry significant chest HRCT

changes can exist (Marchant et al., 2001).

A proportion of the adults (36/100) described in the paper by Roberts et al. (2000) were from the

bronchiectasis clinic at Green Lane Hospital Auckland. I was interested in using the same score to

review the HRCT scans of Auckland children with non-CF bronchiectasis. Even though is was

clinically suspected that the bronchiectasis seen in the Auckland children was extensive and

severe, the relationship of CT features with paediatric clinical parameters may not be as strong

earlier in the disease process or with more localised disease.

The aims of this chapter are four-fold. Firstly to determine the extent and severity of bronchiectatic

disease in the previously described cohort. Secondly, to review the inter and intra observer ratings

for the HRCT parameters examined. Although the inter observer agreement was found to be good

for the various CT parameters evaluated (Diederich et al., 1996; Roberts et al., 2000), intra-

observer agreement has rarely been reported. Thirdly, to assess correlations between the different

CT scan features with clinical measures of severity. Fourthly, assess whether a relationship exists

between poverty and severity of disease as assessed by CT.

3.2. Methods

This was a retrospective study that involved the same group of children with bronchiectasis as

described in chapter 2. Information from scoring the HRCT scans and CXRs was included in the

bronchiectasis database.

Radiology

The CXRs were scored using the Brasfield score (see Appendix C) (Brasfield et al., 1980). While I

acknowledge that this score was originally created as a CXR score for CF, and some of the

features do not apply to non-CF disease (for example nodular lesions), it is used in the absence of

any better CXR score specifically for non-CF bronchiectasis. Only CXRs done within 6 months of

the scan date were used in the final analysis. The HRCT scans were performed according to the

Starship Children's Hospital protocol. Each scan was obtained with a General Electric Hi-Speed

Advantage scanner (Milwaukee, USA). Inspiratory scans were from lung apices to the diaphragm

with a scan thickness of 1 mm, and a scan intervalof 1Omm, with additionalslices at Smm intervals

for areas of particular concern. Expiratory scans were at intervals of 2 to 3 cm. While I was aware

that "when available, a scan time of 1 second or less is the most appropriate for HRCT and is

recommended" (Webb et al., 2001), a scan time of 1 second was used as this was the fastest scan
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time for a full spiral CT scan on the scanner available for use in this study. lmage windowing and

levels were standard, at W1500, L-600. The scans were reconstructed with a high frequency

(bone) algorithm. Tube parameters were KVp 120, mAs 50-250. The smallest field of view that

included the entire width of the chest at the diaphragm on the inspiratory scout view was used.

The Starship Children's Hospital CT sedation policy is to perform scans under general anaesthetic

in those children unable to co-operate with the procedure. No other sedation was used. Prone

positioning was used to limit atelectasis in dependent lobes. As increased atelectasis was

suspected to occur in the children under general anaesthesia, atelectasis was noted as an

additional observation during scoring. In this retrospective review not all the children had

expiratory scans available so only inspiratory scans were scored.

The HRCT scans were scored using a modification of the Bhalla score (Bhalla et al., '1991; Roberts

et al., 2000; Sheehan et al., 2002). Using this score each lung is evaluated according to the

individual lobes with the lingula being considered separately, and the CT score of each child is

taken as the sum of each of the lobe scores. The overall maximum CT score was 102. Appendix

D contains the overall score in more detail, briefly however each lobe was scored for the following:

o Presence of bronchiectasis and extent of disease (graded 0 to 3)

. Bronchial dilatation (graded 0 to 3)

. Bronchialwall thickness (graded 0 to 3)

. Decreased attenuation (air trapping) (graded 0 to 4)

Additional scores were added for:

. atelectasis (yes=1 , no=O)

. consolidation (yes=1, no=O)

mucus within large airways (yes=1, no=O)

mucus within centrilobular bronchioles (yes=1, no=0)

Note that the contribution of atelectasis, which might have been altered by a general anaesthetic,

contributes only 1 mark per lobe so 6 out of 102 points.

Figures 3.1, Figure 3.2, and Figure 3.3 show CT scans of 3 cases of bronchiectasis from the

paediatric cohort to illustrate some of these features.

a

a

59



Figure 3.1. Inspiratory CT scan showing cystic hronchiectatic changes in

the left lower lobe with mucus impaction.

Cystic
bronchiectatic
changes

Figure 3.2. lnspiratory CT scan showing patchy decreased airway attenuation in

both lower /obes associated with dilated and thick walled bronchi.

Patchy reduced
attenuation due
to air trapping Dilated thick

walled bronchi
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Figure 3.3. lnspiratory CT scan showing bronchial wall thickening, dilatation

and non tapering, and a patch of consolidation,

Consolidation

Thickened
dilated and
non-tapered
bronchi

There have been numerous CT scoring systems proposed over recent years and the creation of a

completely new paediatric score would have precluded comparisons with the adult data. Although

many of the scores have been undertaken in adults and children with CF and adults with non-CF

bronchiectasis, much has been learnt about which CT parameters more specifically characterise

bronchiectasis in CF and non-CF bronchiectasis. The adult respiratory service in Auckland were

co-authors (Dr David Milne (DM) being one of the original scorers) of the modified Bhalla score

(Roberts et al., 2000) used in this thesis. The Roberts modified Bhalla differs from the original

Bhalla score in that it scored expiratory scans for decreased attenuation by lobar volume rather

than bronchopulmonary segment, graded bronchial wall and tracheal collapse according to

percentage reduction in airway volume, did not score for bullae, or abscesses; and the grading

system for extent of disease was by bronchopulmonary segment rather than bronchial generation.

The reason why bronchial collapse and tracheal collapse was omitted from the score in the children

in this thesis was that not all of the children had expiratory scans performed, and the original paper

by Roberts showed that these parameters, unlike the others in the score, were not independently

related to the severity of airway obstruction and had only fair to poor interobserver agreement. The

reason for inclusion of the presence or absence of atelectasis/consolidation has already been

discussed. In summary we used the modified Bhalla score of our adult colleagues because it

contains clinically relevant CT features and had been previously validated in adults with non-CF

bronchiectasis. By including this score into the bronchiectasis database useful longitudinal

information may be obtained as these children transition into adulthood.
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The scans were initially evaluated by myself sitting with a consultant paediatric radiologist (Dr

Russell Metcalfe, RM); then independently cross read by an adult radiologist (DM). RM only

scored the CXRs, and both radiologists scored the HRCT scans at a different time to the clinical

presentation. Our clinical radiology conference conducted weekly includes oral presentations of

the cases. The session is taken by one of four radiology consultants. RM, who is only one of the 4

paediatric radiologists, may have remembered the occasional child's details, but unlikely as it was

separated by time and no information was recorded. The adult radiologist (DM) scored the films

with absolutely no knowledge of the children or their case histories. The interobserver agreement

was calculated by comparing the scores for RM and DM. Intraobserver agreement was calculated

by comparing the original scores performed by RM with his second scoring, performed 6 months

later and blinded to the cases and the original scores. Only the original scores by RM were used

for the correlations with clinical parameters, as these were the initial readings.

Sfafisfical analysis

The children's clinical characteristics (see Table 2.1, page 37), HRCT scores, and pulmonary

function indices are expressed as means with standard deviations or medians with ranges,

depending upon whether they were normally distributed as ascertained by the Kolmogorov-

Smirnov (KS) test. When the distribution between variables was normal Student t-tests were used,

when the distribution was not normal Mann-Whitney (rank sum)tests were performed. Differences

among groups were evaluated using the chi-square test. Analysis of correlations between HRCT

and CXR scores and other variables was performed using Spearman's rank correlation coefficient

(rho). Interobserver and intraobserver agreement of the scoring system were tested and

expressed as the kappa coefficient of agreement for the observations with 95% confidence

intervals (Cl). Linear regression analysis was used to investigate the relationship between ethnic

group, deprivation and severity of disease. A p value of less than 0.05 was taken to be statistically

significant.

3.3. Results

Subl'ects

Fifty-six of the original 60 children from the bronchiectasis audit had HRCT scans that were

appropriate for evaluation. One HRCT scan was lost, one was not high resolution and the

remaining 2 had had lobectomies but still had residual bronchiectasis. Twenty (35%) of the CT

scans had been performed under a general anaesthetic.
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Rad i o I og i c al extent of bro n c h iecfasis

Eighty eight percent (49/56) of cases had bilateral disease, and only 9% (5/56) had unilobar lower

lobe disease. The percentage of lobes affected by bronchiectasis from commonest to least

frequent were left lower lobe (LLL) 86% (48), right lower lobe (RLL) 80% (45), right middle lobe

(RML) 71% (40), right upper lobe (RUL) 66% (37), lingula 54% (30), and left upper lobe (LUL) 43%

(24)(see Figure 3.4).

Figure 3.4. Percentage of lung lobes affected by bronchiectasis in the paediatric

(paediatric radiologist assessrnent only).cohort
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Nine percent of cases had 2 lobes involved, 82% had 3 or more lobes involved, 64% had 4 or more

lobes involved. Twenty percent of the cohort had evidence of bronchiectasis in all lobes (see

Figure 3.5). The bronchiectasis was worst in the left lower lobe (49o/o of cases) more commonly

than the right lower lobe (44% of cases). The least affected lobe was the left upper lobe followed

by the lingula (see Figure 3.6).

Figure 3.5. Number of lobes affected by bronchiectasis in the paediatric cohort

(paediatric radiologist assessment only).
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Figures 3.6. Worst lung lobes affected by bronchiectasis in the paediatric cohort,

defined hy the modified Bhalla score (paediatric radiologist assessrnent only).
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Severity of lung involvement and ethnicity

The number of European cases was small (n=8) and as such it is difficult to make any real

conclusions from the lobar involvement in comparison with other ethnic groups. Within the small

European group there was a spectrum of lobar involvement from unilobar to afl lobes affected. All

of the Maori children (n=17) and 77o/o of the Pacific lsland children (n=30) had 3 or more lobes

involved. Over 40% of the Maori and Pacific children had 5 or all lobes involved, demonstrating

widespread and extensive disease (see Table 3.1 and Table 3.2).

Table 3,1. Extent of lung involvement according to ethnic group.

Ethnicity No of children I lobe 2 lobes 3 lobes 4 lobes 5 lobes 6 lobes
European8211121
Pacificlsfand 30 3 4 3 7 9 4
Maori
Other

1700461 6
0

Table 3.2. Percentage of lung involvement according to ethnic group.

Ethnicibr I lobe 2 lobes >=3lobes
European 25o/o 13o/o 620/0

Pacific lsland 10To 13Yo 77Yo

Maori 0 100%
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Table 3.3. Total median scores and ranges for each lobe of the lung and the different

parameters of the HRCT score according to ethnic group.

Parameters examined Total scores according to ethnicity (median (range))
European (n=8) Pacific lsland (n=30) Maori(p=17) Other (n=1)

Total lobes affected
Scores for right lung

Upper lobe
Middle lobe
Lower lobe

Scores for left lung
Upper lobe
Lingula
Lower lobe

HRCT parameters
Bronchiectasis
Bronchial wall dilatation
Bronchial wall thickness
Total mucus
Air trapping
Atelectasis/consol idation

3.s (1-6)

3 (0-7)
3.5 (0-7)
5 (1-6)

1.5 (0-6)
1 (0-7)
5 (2-7)

6 (1-s)
4 (1-6)
2 (0-s)

0
5.5 (0-14)

3 (1-6)

4 (1-6)

3.5 (0-11)
4.5 (0-12)
s (0-12)

0 (0-10)
3.5 (0-12)
7.5 (0-15)

8 (1-16)
6 (1-16)
4 (0-7)
1 (0-3)

5.5 (0-22)
2 (0-6)

4 (3-6)

5 (0-10)
5 (0-10)
7 (1-13)

2 (0-e)
5 (0-11)
8 (1-12)

8 (4-16)
7 (3-14)
4(2-8)
0 (0-2)

6 (1-18)
4 (0-6)

4
1

7

5
5
5

4
3
1

0
17

2

Total HRCT score 20.5 (9-33) 2e (4S5) 29 (14-s6) 27

Total CXR score 19 (15-23) 18 (14-25) 16 (13-21)

The overall median HRCT score for the 56 children was 29 (range 4-56), and the overall median

CXR score was 17 (range 12-25). The median scores for the individual CT features were for extent

of bronchiectasis was 7 (range 1-16); bronchial dilatation 6 (range 1-16); bronchialwallthickness 4

(range 0-8); total mucus plugging 0 (range 0-3); and airway trapping 6 (range O-22). There was a

correlation between the CXR and HRCT score (r = - 0.44, p = 0.001). Again bearing in mind the

small numbers of European children, comparisons of the scores for the different CT features with

those of the Maori and Pacific lsland children are made with caution. The presence and extent of

bronchiectasis showed a trend to be worse in Pacific lsland (p=9.09) and Maori (p=9.97) children

than European children but did not reach significance (see Figure 3.7). The difference in the

degree of bronchial wall dilatation reached significance between the European and Pacific lsland

(p=0.04), and European and Maori (p=Q.91) children. There were also significant differences in the

degree of bronchial wall thickness in the Maori children in comparison with the Europeans

(p=O.Ot), but not between the Pacific lsland and European (p=0.09) groups (see Figure 3.8).

There was significantly more total mucus present in Pacific lsland cases than Europeans (p=9.91;.

None of the other parameters in the HRCT score demonstrated a significant difference between

ethnic groups; this was particularly noted for the degree of air trapping (see Figure 3.9). There

was no significant difference in the lobar score between Europeans and Pacific lsland children, but

there was a trend for the right lower lobe to be worse (p=0.07) in the Maori group. The Maori total

HRCT score was significantly worse than the European score (p=0.04) but the Pacific lsland
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children's score was not (see Figure 3.10). The total CXR soore was significantly worse in the

Maori group compared to the Europeans (p=0.03) and the Paciftc lsland children (p=0.02).

Figure 3.7. Total score for presence of bronchiecfasls according to ethnic group.
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Figure 3.8. Total scone for bronchial wall dilatatlon, and bronchial wall

thicftness according to ethnic group.
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Figure 3.9. Total score for degree of air trapping according to ethnic groups.

There are no statistically significant differences.
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Figure 3.10. Total HRGI score according to ethnic group.
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Ethnicity

17

Maori

Analysis of the use or not of general anaesthesia showed no difference in number of children

between ethnic groups, and there was rio difference in any of the HRCT parameters of severity of

disease, although lhere was more atelectasis. Twenty of the 56 children had the HRCT under

general anaesthesia, and all of them had some atelectasis scored. On the other hand 45/56 (80o/o)

HRCT scans had atelectasls scored to some degree, 44o/o of the atelectasis was associated with

having an anaesthetic whereas 56% was not. Despite the difference in occunence, the children



who had their scan under anaesthetic had higher total scores for atelectasis than those who had

atelectasis but did not have a general anaesthetic (pS 0.0001). lt should be noted again however

that the contribution of the score for atelectasis to the overall score is small.

Timing of the radiology and spirometry

Sixteen percent of the cohort had a CXR on the same dayas the HRCT,41% within 6 months and

a further 1 8% within 1 2 months of the H RCT. Thus despite this being a retrospective study 57o/o of

the cohort had a CXR and HRCT within 6 months and 74o/o within 12 months. However, in 26% the

difference was greater than 12 months (range 0-54 months). Of the 37 children who were able to

perform spirometry satisfactorily, in all but 2 children who were lost to follow-up, 30% had a lung

function recorded within the previous 6 months and the remainder within the last 12 months.

Interobsewer agreement

lnterobserver agreement was good for bronchial dilatation (K* = 0.64 (95% Cl 0.57 - 0.70), and

atelectasis (K* = 0.58 (95% Cl 0.49 - 0.66); moderate for decreased attenuation (K* = 0.54 (95% Cl

0.48 - 0.60), and for extent of bronchiectasis (K" = 0.47 (95% Cl 0.41 - 0.53); poor for bronchial wall

thickness (K, = 0.18 (95% Cl 0.13 - 0.23), total mucus (K* = 0.23 (95o/o Cl 0.13 - 0.33), and

consolidation (K*= 0j2(95% C|0.01 -0.24\.

I ntr ao b se rv e r ag ree m e n t

The intraobserver agreement was good for atelectasis (K* = 0.7 (95o/o Cl 0.62 - 0.78), decreased

attenuation (K* = 0.67 (95% Cl 0.61 - 0.73), bronchial wall dilatation (K, = 0.66 (95% Cl 0.59 -

0.72), and presence and extent of bronchiectasis (K* = 0.61 (95% Cl 0.54 - 0.67); fair to moderate

for bronchial wall thickness (K* = 0.39 (95% Cl 0.30 - 0.47), and consolidation (K," = 0.39 (95% Cl

0.18 - 0.61); poor for total mucus (K*= 0.23 (95% Cl 0.04 - 0.42). Overallthe intra rater agreement

was better than the inter rater agreement.

Functional and morphological correlations

There was no correlation between total CT score and age. However, 10 years of age was used as

a cut-off to compare a younger and older cohort. This was used because it was closest to the

median age of the cohort and also because it split the group into equal numbers (n=28 in both).

While using 6 years of age would have been more reasonable, the lack of facilities to perform lung

function tests in pre-school children or infants made it impossible to compare lung function

measures. Consideration to using pubertal onset was also given but it would have been impossible

to reliably define in this retrospective case review. When the HRCT results of those in each of the

age groups were compared, the younger children had a greater extent of lobar involvement and

bilateral disease (mean score for lobar involvement 4.4 versus 3.6, and 1 versus 0.8 for bilateral
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disease, p=0.05 respectively) than the children older than '10 years. There was also a trend to a

higher total CT score (mean score 30.6 versus 24.6) in the younger age group but this did not

reach significance (p=0.08). In contrast the number of inpatient days post diagnosis of

bronchiectasis (27 days (>10 years) versus 18 days (<10 years), p=0.02), clubbing (score 0.6 (>10

years) versus 0.3 (<10 years), p=0.006) and chest deformity (score 0.6 (>10 years) versus 0.2 (<10

years, p=0.003) were significantly worse in the older children. However, there was no difference

with ethnicity, household smoking, overall number of respiratory admissions, number of pre or post

diagnosis admissions, pre diagnosis inpatient days, lung function, chronic infection, CXR score,

bronchial wall dilatation, presence of mucus, air trapping between the two subgroups.

The HRCT score demonstrated a stronger conelation between the extent and severity of

bronchiectasis and spirometry than the CXR score (see Table 3.4). The correlations between the

two scores are negative because the scores for different CT features increase with morphological

abnormalities whereas the values for lung function decrease with increasing severity. The

strongest correlations were between FEV.,. and the extent of bronchiectasis, the severity of

bronchial wall thickening, and the extent of air trapping. Similar relationships were observed

between the extent and severity of bronchiectasis and air trapping and FEFzs-2s FEV1 was the

most important in predicting CT score (p=<0.0001) (see Figure 3.11). Other features such as

mucus plugging, atelectasis and consolidation were not significantly related to lung function

measures.

The children with digital clubbing and chest deformity showed significantly higher scores for the

presence and extent of bronchiectasis, bronchial wall dilatation and thickness, and the overall CT

score (p<0.01 for all) than those without clubbing or chest deformity. The children with chest

deformity also showed significantly lower values for FVC (p=0.05), FEV1 (p=6.01) and FEF

(p=0.004) than those without chest deformities. These differences were not statistically significant

in relation to digital clubbing. Those children with digital clubbing were found to have more mucus

within the centrilobular bronchioles (p=0.03) and atelectasis (p=0.04), while those with chest

deformities showed a trend to a greater degree of air trapping 1p=9.96). Higher scores were

obtained in boys with chronic infection who lived in households with smokers, but this did not reach

statistical significance. The children with chest deformity had a significantly worse CXR score than

those with no chest deformity (p=0.01), but there was no statistically significant difference in the

CXR score in relation to digital clubbing.
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Table 3.4. Univariate (Spearman rho) correlations between structural features

on HRCT scang CXR score and spirometry values.

CT feature FEV1 (% pred) FVC (% pred) FEF 25-7s (%pred)

Extent of bronchiectasis
Bronchial wall dilation
Bronchial wall thickness
Total mucus
Airway attenuation
Atelectasis / consolidation

'0.46 (P=4.9941

'0.45 (P=[.911

'0.37 1P=9.931
-0'09 (P=9.6;

-0.58 (p50.001)
-0.26 (0.1)

-0.39 (P=4.92;
-0.32 (P=9.95;
-0.23 (P=4.6;
-0.18 (P=9.31

-0.3 (P=9.99;
-0.36 (0.03)

-0.351P=s.941
-0.36 (P=4.m1
-0'3 1P=9.97;
-0.18 (P=9'3;

-0.62 (p30.0001)
-0.07 (P=9'71

Total CT score -0.61 (p30.0001) -0.42 (p=Q.911 -0.53 (p=9.9974

GXR score 0.38 (P=9.92; 0.4 (p=0.01) 0.28 1p=6.1;
Bold font p I 0.05, bold italics p:0.01,

Figure 3.11. Relationship between the total HRCI score and FEVT
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Relationship between poverty and severity of dr'sease

A relationship clearly exists between the NZdep96 score and ethnicity (see chapter 2, page 45),

with the Maori and Pacific lsland children in this study living in the most deprived parts of Auckland.

Having assessed the severity of disease for this cohort of children with bronchiectasis, the question

arises whether the most deprived children have the worst disease, or in other words can poverty be

separated from disease in this cohort. Regression analysis showed that there was no interaction

between the deprivation score and the severity of CT appearance based on total CT score

(p=0.24); total presence and extent of bronchiectasis (p=0.16); total airway wall thickness (p=9.16;'

total bronchial wall dilatation (p=0.10); and total airway attenuation (p=0.58). Similarly, physical

markers of severity as regards lung function (FEVI P=0.88; FEV' <60% p=0.55), and the presence
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of chest deformity (p=1.0) showed no relationship with poverty. However, the presence of digital

clubbing did demonstrate a significant relationship with poverty (p=0.05). Thus, apart from the

presence of digital clubbing, the severity of the children's lung disease in this relatively small cohort

of children did not appear to be affected by whether the children's families were rich or poor.

3.4. Discussion

This study has examined the relationship between HRCT scores in paediatric non-CF

bronchiectasis and traditionally used clinical parameters. The disease seen in these children was

extensive and there were trends to increased severity in the Maori and Pacific lsland children.

However, the severity of the children's lung disease, except the presence of digital clubbing, did not

appear to be related to the NZDep score. Intraobserver agreement was better than interobseryer

agreement particularly for the CT features more closely related to lung function. Comparisons

between HRCT scan and lung function parameters, showed that the strongest relationships were

between FEVI and FEF25-75 and the extent of bronchiectasis, the severity of the bronchial wall

thickening and the degree of air trapping. The children with digital clubbing and chest deformity

showed significantly higher scores for the presence and extent of bronchiectasis, bronchial wall

dilatation and thickness, and the overall CT scores. Surprisingly there was no relationship between

chronic sputum infection with Haemophilus influenzae and CT score.

The findings that the extent of bilateral disease is high, and that the predominant disease was

found on the right, is in contrast to other paediatric series. The reason for this latter difference is

unclear. Both these findings however are clearly illustrated in Table 3.5, which shows the

percentage of lobes affected by bronchiectasis in large paediatric series. lt should be noted that

only those paediatric series from Table 1.1 (page 4) that discussed lobar involvement of disease

are included. The Alaskan series demonstrated bilateral disease in 61% of cases (Singleton et al.,

2000), and in the Turkish series 57o/o had multi-lobar disease (Karakoc et al., 1997; Karakoc et al.,

2001). Historicallyone third of cases (Ferkol and Davis, 1999) are reported to have bilateral lower

lobe disease. However, only the Turkish series used CT diagnosis, the other studies used

bronchograms, a far more invasive and unpleasant procedure, which may underestimate the

disease. The Australian Aboriginal series had more localised disease (53% had unilobar disease,

32oh two lobes involved and only 15% greater than 2 lobes involved; the percentage with bilateral

disease was not stated). The Australian children were younger however than the New Zealand

children in this work (median age 4.8 years versus 10.2 years) and perhaps studied early in the

disease (Chang et al., 2003).
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Table 3.5. Percentage of lung lobes effected by bronchiecfasis in large

paediatric senes.

Study author
Year

Field Strang Clark Glauser Fleshman Dagli Ghang Edwards
1949 1956 1963 1966 1968 2000 2003 2003

Number of children 160 209 116" 187

21

41

71

100
7g

o:

3;

55

18
21

32

59

27
31

34

56

66
71

80

Right lung
Upper lobe 30

Middle lobe 63
Lower lobe 54

Left lung
Upper lobe 22

Lingula 66
Lower lobe 86

Bilateraldisease 50

14

35
34

15
57
78
28

11

20
50
39
35
10
73
77
53

19

45
81

21

44
63

543
854
71 86
-88

"3 cases were unilateral but bronchograms incomplete

The finding of more severe bronchiectatic disease in the Maori and Pacific lsland peoples has been

previously documented in New Zealand (Hinds, 1958). Hinds based the disease severity on the

number of lobes involved identified by bronchograms, and noted that the incidence of extensive

and cystic disease was considerably higher in the Polynesian patients. Out of 163 patients ('Maori'

included 65 Maori, 1 Chinese and 4 Pacific lslanders), whereas 38o/o of the Europeans (n=90) had

unilobar disease versus only 24o/o of the Polynesians, 4oo/o of the Polynesians had greater than 3

or more lobes involved versus only 24o/o in the Europeans. Thirty-seven of the 70 Maori patients

had saccular/cystic bronchiectasis in comparison with 18 of the g3 European patients (p<0.00002).

In Hinds review there were '1 1 European children versus B Maori children < 10 years of age and 36

and 27 young people < 20 years. In the present study it must be stressed that with such small

numbers of European children comparisons of ethnicities is weak and should be interpreted with

caution. However, the apparent low prevalence of bronchiectasis in European children in the

present time in comparison with Hinds review from over 40 years ago could be accounted for by

unequal exposure to and treatment of disease, which may be attributed to the increased

deprivation seen in the Maori and Pacific lsland peoples. However, this study did not demonstrate

a significant relationship between poverty and disease severity. This was surprising and important,

but may be due to the small numbers and needs to be confirmed prospectively. Other work has

reported that inequalities in access to and utilisation of healthcare services still exists for Maori and

low income New Zealanders (Malcolm, 1996; Grant, 1999) that may be underlying some of the

disparities in ethnic prevalence of bronchiectasis seen today. However, this does not completely

exclude the possibility that other factors may be underlying the origin of the initial vulnerability or

insult accounting for the increased prevalence of the disease in Maori and Pacific lsland peoples.
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The present study could be criticised as over diagnosing bronchiectasis by using CT and

documenting features that are not clinically relevant. However, all the children in the series had a

chronic productive cough, and a high percentage of the group had digital clubbing and evidence of

chronic chest deformity. The present study is also limited by its retrospective design. The interval

between pulmonary function measurements was surprisingly long considering all children were

planned to have been reviewed 3 to 6 monthly. The interval between the radiology scores and lung

function was greater than 12 months in approximately a quarter of cases and may have reduced

the ability of the study to show significant correlations. The study could not have shown

progression of HRCT with age as only one scan was performed for diagnostic purposes. However,

unlike in the CF population (Dakin et al., 2002), there was no correlation of HRCT findings with

increasing age. The lack of correlations with lung function in the children less than 10 years of age

is reffected in the reduced numbers able to perform spirometry (3128 versus 25128), as pre-school

lung function is not available in our institution.

The good intraobserver versus poor inter observer agreement found in this study means that

consistency of scoring is possible on repeating scans, and there is good agreement for single CTs,

but not for assessing changes. The level of interobserver agreement compared poorly with

previous studies (Hansell et al., 1994; Diederich et al., 1996; Roberts et al., 2000). This problem

may be overcome by using actual pictures of previously graded CTs to aid validation and decisions

on further scoring. The lack of agreement between the two radiologists has meant that the

summed scores were not used in this study. Roberts reported that the interobserver agreement for

global CT score was excellent for the severity of bronchiectasis (K,' = 0.87), and the extent of

bronchiectasis (K* = 0.82), good for airway attenuation (K* = 0.65), and bronchial wall thickness

(K" = 0.61)(Roberts et al., 2000). Diederich et al calculated lower kappas (0.78) for presence of

bronchiectasis (0.76), severity (0.68), and bronchial wall thickness (0.64), but still concluded that

the interobserver variation with HRCT in bronchiectasis was satisfactory for comparative studies.

Table 3.6 summarises the kappa values for interobserver agreement in the recent literature in

comparison with inter and intraobserver agreement for this study. The main skill difference

between the radiologists in this study was that one was paediatric and the other adult trained. lt is

difficult to see however why this may atfect detection or interpretation of disease.

Table 3.6. Kappa values for interobseruer agreement in the recent literature

in comparison with inter and intraobserver agreement in this work.

HRCT parameters assessed Interobserver (kappa) Intraobserver (kappa)
Roberts, 2000 Diederich, 1996 This study This study

Severity of bronchiectasis
Extent of bronchiectasis
Air trapping
Bronchial wall thickness

o.B7
o.82
0.65
0.61

0.68
0.78

0.64

0.47
o.47
0.54
0.18

0.61
0.61
0.67
0.39
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The severity of the disease seen makes it difficult to draw conclusions regarding relationships of

CT features in children with milder or focal non-CF bronchiectasis. However, Chang found no

significant correlations between spirometry and total HRCT scores using 3 different CT scores in

Australian Aboriginal children wrth bronchiectasis (Chang et al., 2003). As previously noted their

disease was more localised in comparison with the widespread disease seen in the New Zealand

children. No information was given whether there were any trends in the different parameters of

the various CT scores. Despite this the lung functions of the two groups were comparable. This

may be explained by the lower lobes being predominantly affected (Gurney et al 1997). lt is noted

that the lung function parameters and CT correlation coefficients for the Auckland adults with

bronchiectasis were very similar to the children in this thesis (adults median FVC B7o/o (range 22-

127), meanFEVlT3% (SD t 25.2) versus children FVC 86% (range 33-109) and FEVI 69% (36-

1 10); adult summed scores of 3 observers, extent of bronchiectasis r = - 0.42, bronchial dilatation r

=-0.35,bronchialwallthicknessr=-0.5l,decreasedattenuationr=-0.55versusr=-0.46,r=-
0.45, r = - 0.37 and r = - 0.58 respectively). They were also similar to the children with CF in the

paper by Dakin et al. (2002) (median FVC 70o/o (range 22-127) median FEV' 70% (range 35-131),

but better than the adults in the papers by Lynch et al. (1999) (mean FYC 70Yo (SD t 18) and

mean FEVr52% (SD t 15), and Wong-You-Cheong et al. (1992) (mean FVC 68% (range 41-103)

and mean FEV1 49% (range 24-91). Evidence from CT studies in children with CF has suggested

that HRCT can detect early structural lung damage before lung function abnormalities are apparent

(Tiddens, 2002). Tiddens reported that 31% of cases that had an FEVI above 85% predicted had

high HRCT scores (using the Helbich score) indicating substantial damage. My personal

experience of using the modified Bhalla score on children with non-CF bronchiectasis in London

England with milder clinical disease has been that the correlations are not as strong (Edwards et

al., 2003). Perhaps, as has been suggested in CF lung disease (Robinson et al., 2002), the gold

standard may not be pulmonary function or structural CT changes but a combined score.

Comparisons between the HRCT scan and lung function parameters show that the strongest

correlations were between FEVr and FEF25"75 and the extent of bronchiectasis, severity of the

bronchial wall thickening, and air trapping. This is in keeping with work in adults with non-CF

bronchiectasis (Roberts et al., 2000), and children with CF (Dakin et al., 2002). The higher amount

of atelectasis demonstrated in the younger children likely correlates with the increased use of

general anaesthesia, but this parameter only contributes minimally to the overall CT score.

Progression or changes in this group can only be verified by follow-up scans. The lack of impact

that this particular feature has however in the overall CT score highlights one of the main problems

of using a total score rather than the subset or different scores for the CT features. Different

features have more weighting in the grading system than others (for example air trapping versus

mucus plugging). Hence comparing overall similar scores may not be comparing like severity of

disease depending on how the overall score is composed. Chest deformity and digital clubbing

showed a significant correlation with worse HRCT values, but chronic sputum infection with

Haemophilus influenzae did not result in worse HRCT scores. This may have been due to the few

numbers who were not chronically infected with Haemophilus influenzae. Despite the severity of
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lung disease in this study, only one child with a tracheostomy in situ had ever cultured

Pseudomonas aeruginosa from sputum.

Although serial chest x-rays have been used to follow the progression of bronchiectasis in adults

(Munro et al., 1992), and in CF (Brasfield et al., 1980), this study confirms that HRCT scoring

demonstrates a stronger correlation with the extent and severity of bronchiectasis and spirometry

than CXR scoring. Since the scans in this study were performed the radiation doses for CT have

decreased significantly in accordance with guidelines (ALARA, 2002). With modern imaging

techniques the radiation dose can be reduced if it is adjusted to the child's weight. lt may be

equivalent to less than one tenth of the background radiation for one year. With increased

awareness of bronchiectasis in New Zealand it is hoped that HRCT scanning will identify significant

disease at an earlier stage. As in children with CF (Demirkazik et al.,2001), HRCT scanning may

be used to monitor children too young to perform spirometry, provide a more precise score in long-

term follow-up, and could be used as an outcome measure for new interventions. A recent study

which evaluated how efficient chest scans and chest x-rays were in studying the response to

aerosolised recombinant human DNase in children with CF less than 5 years of age, indicated that

HRCT scans were useful and sensitive (Nasr et al., 2001). Different therapies may affect different

features of the CT, such as mucus plugging with mucolytic therapy or the effect of macrolides on

the bronchial wall thickness. The question of degree of reversibility of bronchiectasis with

aggressive treatment has never been clearly documented. Serial scans may answer this, and

delineate at what stage and extent bronchiectasis truly becomes irreversible and permanent.

ln summary, the cohort of children with bronchiectasis in Auckland New Zealand have extensive

disease and there were trends to increased severity in the Maori and Pacific lsland children. The

disease severity in this relatively small cohort appears to be unrelated to socio-economic factors.

HRCT scans appeared a more useful tool than CXRs, as HRCT scans showed a better correlation

with clinical and lung function parameters than CXR, and in particular correlated better with FEVr.

The good intraobserver ratings mean that consistency of scoring is possible on repeated scans, but

as no serial CTs were performed, it is only speculative what the repeatability ratings would be to

monitor CT changes over time. Further work by using standard CTs as a guide to validate changes

in parameters assessed as part of the CT score in individual cases may allow follow-up studies to

substantiate whether serial HRCT scans may be useful in monitoring disease progress particularly

in preschool children unable to do pulmonary function, and to monitor the outcome of future

treatment trials or simply monitor disease progression as they transition into adulthood.

Manipulation of therapy may potentially reduce the morbidity currently seen. lt will be necessary to

document the observer variability of the assessment of change. Further work is still needed to

determine the lowest level of radiation and scan limits that can be used to adequately evaluate

disease, if HRCT is to be utilised more extensively. Unfortunately a considerable amount of time

and funding will be needed for this.

75



The work of this thes'is thus far has achieved the first aim and objective, namely the documentation

of the demographics of the children In Auckland with bronchiectasis, and found the disease to be

common and extensive with trends to increased severity in the Maori and Paeific lsland children.

This work has also identified the major reasons for infoducing ciliary functional studies in

Auckland. The first is that the diagnosis of PCD may well be being missed in ehildren with

bronchieetasis. The second is to cvaluate the possibility that there may be an ethnic variation in

elliary funotion leading to an increased su-sceptibility to bronchiectasis and/or an increased disease

severity following a given stirnulus in non-Europeans.
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CHAPTER 4

Development of methodoloqv for ciliarv functional analvsis in Auckland. New Zealand

4.1. Introduction

Thus far the thesis has documented that paediatric bronchiectasis in Auckland is alarmingly

common particularly in Maori and Pacific lsland children. This chapter will describe the

development of the equipment to investigate whether an underlying defect of cilia may account for

the atypical disease seen in Maod and Pacific lsland children. Part A will demonstrate through a

clinical audit the limited service available prior to beginning this thesis. Part B will describe the

methodology involved in setting up the equipment to assess cilia functionally, and Part C will show

the successful piloting of the technique prior to testing on children with bronchiectasis and the

establishment of normalvalues for New Zealand children.

4.2.Patt A - Retrospective ciliary biopsy audit

The definitive diagnosis of PCD requires assessment of both ciliary motility and ultrastructure,

since PCD may be due to abnormal beating of apparently structurally normal cilia (Herzon and

Murphy, 1980; Greenstone et al., 1983; Greenstone et al., 1988; Bush et al., 1998; Chilvers and

O'Callaghan, 2000b). Until the work of this thesis only bronchial biopsy specimens were studied in

Auckland using electron microscopy. This required a bronchoscopy under general anaesthetic and

an ainivay biopsy. Nowhere in New Zealand was CBF measured clinically. Therefore this audit

was therefore performed to document how effective the current service was at identiflng cases of

PCD. The findings were used to justify successful grant applications (Lottery Health Commission,

Asser Trust, Asthma Auckland) written to support the ongoing work of this thesis.

Aims

To review which patients were being put forward for ciliary assessment

To determine the number of positive biopsies confirming PCD

To determine the number and reason for inconclusive results

To compare the biopsy results obtained from European, Maoriand Pacific lsland children

Methods

The audit involved a retrospective reviewover a 12-month period (January 1997 to January 1998)

of the medical records and investigations of children who had ciliary biopsies at the Starship

a

a

a

a
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Children's Hospital, Auckland. lnformation was collected on sex, ethnicity, and age at time of

biopsy, whether it was done during an acute or elective procedure, diagnosis at the time of biopsy,

age of onset of respiratory symptoms and their duration, and indications for the biopsy. Information

on the ciliary biopsy electron microscopy reports was also noted. Because the reports contained

only qualitative information on the normal or defective cilia seen, no statistical methods are used to

make comparisons between the ciliary biopsy results themselves or findings in different ethnic

groups.

Resulfs

Sublects

Thirty-five biopsies (18 boys) were taken over the year. The median age at the time of biopsy was

2.3 years (range 0.5-14 years). Sixty nine percent were from Maori or Pacific lsland children (zt3%

(15/35) and 260/o (9/35) respectively), and 31o/o (11/35) were from European children. Three of

these were of mixed parentage e.g. Maori/Samoan, Tongan/European, Cook lsland/Maori, and in

these cases the ethnicity preferred by the family was used. The average age of onset of

respiratory symptoms was 0.3 years (range birth to 13 years). The average duration of respiratory

symptoms was 1.4 years (range <1 month to 9.9 years).

Referral source and acute or elective procedure

Fifty seven percent of the patients lived in Auckland and 43o/o were out of town referrals. (Rotorua

4, Hastings/Napier 6, Tokoroa 1, Wellington 1, Palmerston North 1). Only two patients were from

the South lsland (Blenheim, Invercargill). Eighty percent (28/35) of biopsies were performed as

elective procedures, 3/35 (97o) semi-elective meaning that patients were in the convalescent stage

of a respiratory illness, and 4/35 ('11%) were acutely unwell. Three out of the four acute

procedures and 2 of the semi-elective procedures were referrals from peripheral centres.

lnitial diagnoses

The diagnostic categories at the start of the investigations are shown in Table 4.1. Five patients

had a history of congenilal heart disease, (2 ventricular septal defects (VSD), 1 patent ductus

arteriosus (PDA)/atrial septal defect (ASD), 1 Scimitar syndrome, 1 partial anomalous pulmonary

venous drainage/coarctation). No patient had dextrocardia or situs inversus. There were 6

patients with known congenital malformations (congenital lobar emphysema, pulmonary cyst, 2

subglottic narrowing/stenosis, Morgagni hernia, congenital bilateral phrenic nerve paralysis). One

asthmatic child was labelled as having a1-antitrypsin deficiency, but the genotype was PIMZ.

Other diagnoses included failure to thrive, acute lymphoblastic leukaemia (ALL), and Moebius

syndrome. Three patients were being investigated for as yet undefined immune deficiencies. Only

four patients had a significant documented history of ENT problems (2 recurrent croup, 1 nasal

obstruction, 1 discharging ears).
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Table 4.1. Diagnostic categories of the children who underwent bronchial hiopsy for

investigation of a ciliary abnormality.

Diaqnosis Number
Premature (<33/40) (BPD, n=3)
Asthma
Bronchiectasis
Congenital m alformations
Gastroesophageal reflux
Congenital heart disease
Possible immune deficiency
Recurrent bronchiolitis / wheeze
Cystic fibrosis
Bronchiol itis obl iterans
Others

7
13
8
6
5
5
3
3

2
1

4

Respiratory symptoms and indications for ciliary biopsy

The indications for cilia biopsy were categorised as shown in Table 4.2. There were six patients

who had combinations of the indications. These included 3 children who had bronchiectasis and

recurrent LRTI, 2 children who had bronchiectasis and persistent LRTI/chest x-ray changes, and 1

child had recurrent LRTI and persistent chest x-ray changes.

Tahle 4.2. lndications for ciliary biopsy.

Indications for cilia biopsy Number
Recurrent LRTI
Persistent LRTI / CXR changes
Recurrent LRTI / sinusitis / OM / rhinitis
Bronchiectasis
Atypical wheeze / asthma / bronchiolitis

12

10

8
4
7

Ciliary biopsies

The cilia biopsy results are outlined in Table 4.3. Out of the 35 biopsies only one case was

suspicious of PCD (3%) with a finding of short, outer dynein arms. This was a 4 year old European

boy from Auckland, who had a history of asthma, chronic productive cough, sinusitis, otitis media,

and a history of stridor secondary to presumed congenital sub-glottic narrowing. His respiratory

symptoms had started from the age of 5 months; and there was a family history of smoking. His

biopsy was taken electively. Twenty three percent of the biopsies were completely normal, but

46% demonstrated normal cilia plus likely acquired defects. The percentage of the likely acquired

defects as against normal cilia in the individual biopsies could not be verified in this retrospective
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review. Fourteen percent showed cilia aplasia/squamous metaplasia, and 14o/o were inadequate or

insufficient specimens defined by the presence of fewer than 100 cilia seen in the specimen.

Table 4.3. Ciliary biopsy results.

Cilia biopsy results Number {%)
Abnormal=possible PCD
Normal
Normal + compound

1 (3o/o)

I (23o/o)

16 (460/o\

No cilia / squamous metaplasia 5 (14Yo)
Inadequate 5 (14%)

Ciliary biopsies and ethnicity

When the specimens were analysed according to ethnicity (see Table 4.4.), only 21Vo of the Maori

and Pacific lsland specimens were normal in comparison with 27% of the Europeans. Fifty four

percent of the Maori and Pacific lsland specimens showed likely acquired defects compared to only

27% of the Europeans. However, there was more evidence of cilia aplasia/squamous metaplasia

in specimens from Europeans (27o/o) compared with (8%) of the Maori and Pacific subjects. When

the specimens were broken down for ethnicity the Maori patients showed many (66%) acquired

defects.

Table 4.4. Ciliary biopsy resulfs analysed according to ethnic group.

Ethnicitv No. Abnormal = PGD Normal Acquired Squamous metaplasia Inadequate
European241S3 3

1

1

1

3

1

Maori 15 0

Pacific lsland I 0

'l 10

43
Total 35 16

Ciliary biopsies and history of infection or artificial ventilation

Seven patients had a recent history of ventilation for a significant infection llnfluenza A (1 case),

Adenovirus (2 cases), Pertussis (1 case), RSV (2 cases), Staphylococcus aureus (1 case)1. Five of

these patients were still oxygen dependent, and 4 of the biopsies had been taken during their acute

illness. Of these, the ciliary biopsies were normal or showed acquired defects in all but one child.

In addition 4 other patients gave a history of significant bronchiolitis but not requiring ventilation (2

RSV, 1 adenovirus), and one had a history of chlamydia pneumonia. Three out of the 4 had ciliary

biopsies taken during the acute illness. Three were either completely normal or showed minor

acquired defects, and one was inadequate. The biopsy results in the children with previously

diagnosed bronchiectasis showed that 2 were inadequate, 1 was normal, 4 showed acquired

defects and one showed squamous metaplasia in a patient subsequently diagnosed with CF.
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Bronchoalveolar lavage (BAL) specimens

BAL results showed that of the 35 patients 28 (80%) had washings taken at the same time as the

biopsy/bronchoscopy. Seven (25o/o) were inadequate, 13 were sterile and 15 (43o/o) were culture

positive for organisms. Of these 10 were with non{ypeable Haemophilus influenzae, 7 alone and 3

co-cultured multiple other organisms (Pseudomonas aeruginosa, Streptococcus pneumoniae,

Bramharella catharralis, Actinobacter species and Mycoplasma),2 grew Staphylococcus aureus,2

Escherichia coli, and 1 Pseudomonas aeruginosa. Table 4.5 outlines the cilia biopsy results in

relation to BAL results. Of the negative BALs, 5/13 (38%) showed acquired abnormalities on

biopsy. Only260/o (4/15) of the positive BALs had abnormal biopsies. lt is interesting to note that

the BAL of the patient equivocal for PCD was positive for Haemophilus influenzae. Four patients

(26To) showing cilia aplasia/squamous metaplasia had abnormal BAL results, but two of the other

children with this type of biopsy result had normal BALs.

Table 4.5. Ciliary biopsy resulfs in relation to BAL specimens.

BAL result Possible PCD Normal ncquireO Squamous m
Normal 0 5 5

Inadequate 0 0 5

Abnormal 1 3 4
Organisms A A,C,E A,B,C,E,F

2

1

4
A,A,B,E

1

1

J

A,A,D

A- Haemophilus influenzae species; B - Staphylococcus aureus; C - Escherichia coli;

D - Pseudomonas aeruginosa; E - Multiple organisms; F - RSV (NPA positive).

Conclusion

This audit confirmed that the service available for the assessment of cilia in Auckland was sub-

optimal. Only 58% (15/36) of the biopsies were taken at least a month following an acute infection.

Forty three percent of BAL specimens showed evidence from viral or bacterial culture of infection at

the time the biopsy was taken and could be an underestimate if PCR etc was not done. Thirty-

three percent (12136) had biopsies performed when the children were acutely or semi-acutely

unwell, and none were repeated during the year in which the audit was completed as biopsies

could only be obtained by undergoing a further general anaesthetic and airuray biopsy. PCD was

not completely proven or disproved in any of the children, and none had functional studies

performed. This combined with the high prevalence of bronchiectasis in which unknown aetiology

is common, supports the need to develop a service to equal current international best practice.

It is therefore unexpected that there were no positive results in this cohort. The literature suggests

that between 6-18% of children with recurrent respiratory diseases have PCD (Buchdahl et al.,

1988; Barlocco et al., 1991; Chapelin et al., 1997). One possible reason may be that there were no

patients with PCD in the cohort. However, the indications for biopsy did cover common clinical

scenarios suggestive of PCD and therefore many but not all appeared appropriate. There were no

81



patients with just recurrent otitis media/sinusitis/rhinitis although some did have a documented

history of ENT problems. The diagnostic technique used was poor for a number of reasons, and

these may explain why no case of PCD was diagnosed. Obtaining healthy cilia from the lower

respiratory tract is often very difficult if it is inflamed, and the BAL results confirmed that the

children were often infected. Not surprisingly, there were a high number of acquired defects

reported. In these cases the significance of the cilia result needed to be defined further by

performing a repeat specimen after adequate treatment with antibiotics, or sampling cilia from

another site. However, the sampling procedure used was bronchoscopy that needed a general

anaesthetic. These facts demonstrate the current inflexibility of the service. lf an urgent diagnostic

or therapeutic bronchoscopy is undertaken a cilia biopsy would be obtained opportunistically, rather

than subjecting the child to a further general anaesthetic and bronchoscopy at a later time. A way

of taking ciliary samples without anaesthesia is needed, preferably as an outpatient procedure or if

the patients are not from Auckland, if possible taken by their local paediatrician and transported

into Auckland for analysis. The current service falls far short of these requirements.

In summary, the accuracy of diagnosing children with PCD at the Starship Children's Hospital,

Auckland needed to be reconsidered. The high prevalence of undiagnosed disease, and the

disproportionate number of Maori and Pacific lsland children reinforces the need for further

research into the mucociliary transport mechanism in these communities. As the tertiary referral

centre for paediatric respiratory medicine in New Zealand there is a need to offer patients with a

history suspicious of PCD a reliable work up which gives a definitive diagnosis for them and their

parents. The development and piloting of a revised methodology for assessment of ciliary disease

will now be described.

4.3. Part B - Development of technology for ciliary functional analysis.

lntroduction

Many methods have been devised to measure CBF. The photomultiplier (Dalhamm and Rylander,

1962; Yager et al., 1978; Rutland and Cole, 1980; Rutland et al., 1982b) and photodiode

techniques (Teichtahl et al., 1986; O'Callaghan et al., 1991) estimate CBF indirectly by detecting

changes in the intensity of a beam of light which is passed across cilia while they are beating. High

speed imaging by cinematography is regarded by many as the optimal method to analyse ciliary

function (Gray, 1930; Dalhamm, 1970; Sanderson and Dirksen, 1985). However, expense,

difficulties with processing the image, and lack of real time analysis means many centres have

relied on the photodiode method for ciliary beat analysis. Since the laboratory work of this thesis

had been performed a method replacing cinematography with digital high speed video imaging,

using 400 frames per second and a shutter speed of 1 in 2000, and played back at a slower speed

has been developed (Chilvers and O'Callaghan, 2000a). Work using this method has

demonstrated the importance of analysis of an effective wave pattern along with CBF. Artificial
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inoculation of healthy volunteers with Corona virus demonstrated that even those apparently

asymptomatic subjects develop disruption of their respiratory epithelium. Although there was no

difference in the mean CBF before (day 0) and after (day 3) inoculation, there was a significant

increase (p<0.05) in ciliary dyskinesia and Ineffective beat (Chilvers et a1.,2001). The high speed

video analysis technique has also been compared to the photomultiplier and the photodiode

method and widely different results were found, demonstrating that whatever technique is used

normal ranges need to be established if it is to be used to diagnose PCD (Chilvers and

O'Callaghan, 2000a).

The additional expense of the high-speed video technique meant that this method was far beyond

our original research plans and budget. We therefore elected to use the more popular method

utilised by centres of excellence for detection of cilia abnormalities around the world (Royal

Brompton Hospital, London and Concord Hospital, Sydney). This is the photodiode or photometric

method (Rutland and Cole, 1980) utilising computer software performing fast fourier transform

(FFT) on the signal, thereby determining the beat frequency in real time. An assessment of the

effectiveness of the wave pattern was made by observing clearance of debris by the ciliated

epithelial strip using a x40 phase contrast lens. lf the beat appeared in any way abnormal, it would

be further analysed using a x100 oil immersion phase contrast lens.

Development of the photometer and computer software.

Photometers are no longer commercially available therefore we sought the assistance of Fisher &

Paykel Healthcare to create one based on the work of Rutland et al. (1980 and 1982b). This

technique utilises the light from the microscope, which passes through the beating cilia and then

through an aperture before being detected by a photodiode attached to the camera mount. The

varying light intensity caused by the beating cilia was detected by the photodiode. This signal was

then filtered and amplified before being read by an analogue to digital card (AJD) that was attached

to the computer. The digital signal was filtered again before undergoing a FFT that converted the

time domain signal into the frequency domain. These values were displayed on the screen and

each CBF reading was the result of the previous '1024 pieces of information that were collected at a

rate of 100 Hz. Thus a real-time signal of the CBF is displayed on the computer screen. Figure

4.1 shows a photograph of the computer screen recording CBF.

Significant signal conditioning was required in both the electronics and the software in order to

eliminate background noise, and to obtain useful measurements. Fine-tuning of the photometer

electronics was conducted using a light emitting diode (LED) set to flash at different frequencies.

An oscilloscope was used to fine tune the sensitivity and gain required to record a beat frequency

through a 1.5 micron aperture with a 40 x phase contrast objective. This allowed selection of the

correct electronic components to be assembled onto a purpose-designed circuit board. Electronic

components are passive components and therefore further calibration was not required. Any drift

or error due to failure of these electronics would result in the real time signal showing either no
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signal or a saturated signal. The real time signal was then used in conjunction with the frequency

signal to verify the quality of the signal obtained when recording CBF (see Figure 4.1). The

centring of the microscope cross with the 1.5 micron aperture was checked each week before

performing the measurements or each time the photometer was removed from its position on the

microscope.

lnitial beat frequency measurements with the original stage heater set to 37oC, using nasal

brushing samples from 2 staff volunteers and myself were approximately half the normal rate

(mean 7.2H2 / 6.9 Hz | 6.7 Hz respectively, range not recorded). Theoretically all could have been

diagnosed with PCD had appropriate symptoms been present. As our calibration using the LED

was correct on repeated testing, and the volunteers and myself were well with no history of recent

URTI, one explanation could be that the temperature of the stage was lower than 37oC. This lead

to testing the temperature under the coverslip with a thermocouple, which showed that the

temperature of the stage was approximately 28-30oC, and that the stage was much hotter around

the periphery than the centre. This lead to the development of a new heated stage.

Figure 4.1. Photograph of the computer screen recording CBF.
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Development of the heated sfage

The most common method available for measuring CBF is to place a sample of ciliated epithelium

on a glass slide placed on a heated block of metal, and view it under a light microscope (Rutland
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and Cole, 1980; Rutland et al., 1982b). lt has been well established that CBF is affected by

temperature (Clary-Meinesz et al., 1992; Green et al., 1995; O'Callaghan et al., 1995). Therefore

the temperature at which the CBF is measured must be stable and uniform across the specimen.

The normal range for CBF is usually given as 11-16H2 at 37+1oC and may change with age

(O'Callaghan et al., 1991; Roth et al., 1991; de longh and Rutland, 1995; Agius et al., 1998;

Jorissen et al., 1998; Ho et al., 2001). lf the ciliarywave pattern and frequencyare normal, in most

cases no further investigations are performed. However, previous work on CBF and temperature

has shown that a change of 4oC can influence CBF by more than 2Hz (Clary-Meinesz et al., 1992;

Green et al., 1995; O'Callaghan et al., 1995). The pilot data in the previous section showed that

lack of attention to heating the stage could theoretically result in normal people being diagnosed

with PCD. Cilia specimens could thus be wrongly labelled as abnormal if the temperature is low.

Despite this many authors do not specify either the temperature of the heated stage or the

temperature of the specimen itself. This is of concern, as the temperature of the heated stage

does not necessarily reflect the temperature of the cilia specimen as discussed. Temperature

control is therefore vital for the measurement of CBF and especially when establishing a hospital

protocol, On assessment of the original heated stage (see Figure 4.2) available for this project, it

was found that the temperature under the coverslip varied across the slide by 4oC and took 16

minutes to reach 37oC from room temperature from the time of switching on (see Table 4.6).

Figure 4.2. Photograph of the original heated sfage.

It was obviously important to have an accurate heated stage to within 37t1oC across the slide and

have an easy means of confirming this prior to taking CBF measurements. An engineer (Mr

Graeme Munay, Murray Design, Auckland, New Zealand) was commissioned to make such a

stage and a heated aluminium preparation stage (see Figure 4.3). This would ensure that the

specimen was prepared in a warm stable environment and reduce the time taken to reach 37oC.
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Table 4.6. Stage settings and corresponding slide temperatures for the

original stage. The temperature variahility across the sfage was 4oC,

and took 16 minutes to reach 3f C.

Time Slide temp Stage seftings
Teche Stage heater(mins) (Ambient temp 23oC)

10:'16

10:18
10:19
10:20
10:21

10:29
10:32
10:40

28
30
32
34
35
36
37
38

42.5
46

47.5
48.6
49.5
49.7
50.1
50.4

32
33.5
36
40
42
44
48

49.4

Figure 4.3. Photograph of the heated slide preparation stage.

The heated stage itself consists of a heated aluminium block and a plastic cover (vacuum formed)

to create a tunnel over the specimen through which warmed air is blown. The specimen is sealed

under a coverslip with silicone gel to prevent dehydration during analysis. The slide plus specimen

is introduced and held in position under the stage by a drawer. When the drawer is slid into place

the slide and specimen sit within a machined slot within the heated aluminium block. The stage

temperature is adjusted until the desired temperature is reached and the air blowing over the

specimen ensures an even temperature across the specimen. Figure 4.4 shows a photograph of

the developed stage. Having developed this equipment, the next step was to determine whether it

would meet the pretest specifications.
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Figure 4.4. Photograph of the heated stage developed for this work.

Aluminium stage
with plastic cover

Aims

To determine the heated stage settings required to maintain a specimen under a coverslip to

37oC and accurate to t 'l oC

To determine the length of time required for the heated stage to stabilize.

Method

Five 0 1mm K{ype thermocouples (LabSupplies, UK)were placed on the glass slide with a drop of

thermally conductive paste and enclosed by the coverslip immersed in media. They were arranged

with one in the centre and four on the periphery of the coverslip (see Figure 4.5 and Figure 4.6).

Figure 4.5. Diagrammatic representation of the specimen slide and coverslip.

The numbers indicate the positions of fhe thermocouples under the coverslip.

Glass slide

Glass
coverslip

The slide was then introduced into the stage on the drawer and temperature measurements were

taken from the thermocouples with the microscope light on at the predetermined light intensity used

to observe the specimen (level 8). The stage heater was then set to 37oC with the air blower off,

and the time to reach stability was measured. The stage heater temperature was then

incrementally increased until the slide specimen averaged 37"C. The temperature of the stage

heater to achieve this was noted. In an attempt to overcome the temperature variance across the

slide, a system of heated air at 37'C was directed over the slide, and the temperature of each of

the thermocouples under the coverslip were recorded. Finally the time taken for the specimen to
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be heated from room temperature to 37oC with the blower on was measured. These

measurements were repeated 6 times and the mean result recorded.

Figure 4.6. Photographs of microscope slide with 5 thermocouples attached.

F-1
Resu/fs

All the thermocouples recorded a temperature of 23.5oC under the coverslip when the microscope

was on and the light intensity was 8. When the stage heater was set to 37oC the thermocouples

recorded an average temperature of 31oC under the coverslip. The stage heater needed to be

increased to 46oC before the average temperature of the thermocouples under the coverslip was

37oC. However, the temperature varied across the slide from 36.2 to 38.1oC. When air at 37oC

was being blown over the specimen and the stage heater reduced to 43oC, the thermocouples

recorded less temperature variance across the specimen (36.8 to 37.2'C). These observations are

summarised in Table 4.8.

The time taken for the stage to heat up from room temperature to 46oC without the heated blower

on was 20 minutes. However, the time taken for the stage to reach 43oC (heating the specimen

under the coverslip to 37'C) with the blower on was between 10-13 minutes. Air being blown over

the specimen at 37oC therefore not only reduced the temperature variance across the specimen

but reduced the overall stage temperature setting.

Conclusion

The temperature of the heated stage does not necessarily reflect the temperature of the slide

specimen. CBF measurements made on the slide periphery may increase variation and affect

identification of abnormal specimens. ln order to define protocols based on CBF, the equipment

must analyse the specimen at a known temperature. Figure 4.7 shows the established equipment

to measure CBF,

Once a suitable heated stage and photometer set-up to measure CBF and observe the wave

pattern had been achieved, the system was piloted on volunteers.
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Table 4.8. Thermocouple temperature readings when the stage was heated to 3f C,

then to 4f C, and then with the heated air blower on at 3f C.

Slide in heated stage
Stage on (setting 37'C)
Microscope on (intensity 8)
Ambient temperature 23'C
Air blower off
Location Temperature

1 31.1
2 31.4
3 30.3
4 32.1
5 30.2

Mean
Std Dev

Slide in heated stage
Stage on (setting 46"C)
Microscope on (intensity 8)
Ambient temperature 23'C
Air blower off
Location Temperature

1 36.8
2 38.1
3 36.2
4 38.1
5 37.'l

Mean
Std Dev

Slide in heated stage
Stage on (setting 43'C)
Microscope on (intensity 8)
Ambient temperature 23"C
Air blower on (37"C)

Location Temperature
1 37.0
2 37.2
3 36.8
4 37.1
5 36.9

Mean
Std Dev

37.0
0.2

31.0
0.8

37.3
0.8

Figure 4.7. Overall sef-up of the CBF measuring equipment showing microscope,

photometer, heated stage and computer.

4.4.Paft C - Pilot testing of nasal brushings and assessment of GBF.

Prior to establishing normal values for New Zealand children and undertaking testing on children

with bronchiectasis, the technique of nasal brushings and analysis of CBF was piloted in adult and

then in paediatric volunteers.
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Protocol for nasal hrushings

The protocol for performing nasal brushings was adopted from established methodology (Rutland

and Cole, 1980; Rutland et al., 1981):

1. The subject was first asked to blow his / her nose using a tissue.

2. A 2.4 mm nylon cytology brush (Olympus, New Zealand) (see Figure 4.8) was moistened in cell

culture medium (Medium 199 (plus Earle's salts) which contained antibiotic solution (penicillin

50pg/ml; streptomycin 50pg/ml), Gibco, New Zealand).

3. The nasal cavity was visualised (where possible) with the aid of an auroscope and the brush

was inserted into one nostril and guided between the inferior turbinate and the lateral nasal wall

for 1-2 cm, rotated once quickly along the mucosal surface and removed.

4. The brush was agitated vigorously in a tapered plastic tube containing the medium.

5. The specimen was then stored at 37oC in an incubator (Thermolyne) until functional analysis

was performed within 1-2 hours after sampling.

Figure 4.8. Photograph of the nasal brush alongside a New Zealand one

dollar coin, and the principal investigator demonstrating the

nasal sampling procedure to a mother and child.

Protocol for assessment of CBF

1. 50 microlitres of medium, containing fragments of nasal epithelium are pipetted onto a standard

microscope slide.

2. The preparation is sealed by applying silicone gel around the edges of the cover-slip preventing

the specimen from drying out during analysis.

3. The preparation is placed on the heated (37"C) stage (Murray Design) mounted on the Zeiss

Axioplan 2 microscope. The cilia were then visualised using a 40 x phase objective lens.

4. The CBF is measured using a photometer mounted on the microscope aligned with a circular

1.5 micron aperture.
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5. Ten measurements of CBF from 10 different pieces of epithelium were made. The ciliated

epithelial strip used was required to be greater than 50pm long. The mean and the coefficient

of variation of the CBF were calculated.

Adult pilot work

Aims

To establish that satisfactory samples of ciliated epithelium could be obtained to measure CBF by

brushing the nasal passage only once (although not a painful procedure, the plan was to minimise

the potential discomfort of multiple brushings).

o To determine the effect different temperatures have on CBF.

o To determine the length of time a specimen would remain viable under the microscope.

o To determine the length of time a specimen would remain viable in the incubator at 37oC.

Methods

Adult subjects were volunteers from the Therapy Services Staff at the Starship Children's Hospital.

Ten adult females who were non-smokers and had not had a URTI for at least 4 weeks had nasal

brushings performed. CBF were recorded on the single nasal brushings obtained. The mean,

standard deviation and coefficient of variation were calculated for each subject. This was

calculated as the variation of all the recordings that were made per patient. Note was made if there

was any epistaxis. Three of the specimens were used to evaluate the effect of temperature on

CBF. The thermocouple temperatures were recorded with the aluminium stage controlled to 30,

43, and 55'C. The physiological normal range for nasal mucosa has been shown to be 30-35oC

(Green et al., 1995). These temperatures were chosen to cover the normal range and above but

not so high as to cause irreversible damage to the specimen and cause cilia stasis (Clary-Meinesz

et al., 1992).

Five of the volunteers' specimens were used to evaluate survival time of the cilia if the specimens

were left in the stage under the microscope. To do this once viable cilia were observed under the

microscope, the position of the stage was not moved other than to optimise position over the cilia

being evaluated. This was to ensure the same cilia were examined each time. The CBF was

measured every 5 minutes for the first 30 minutes, then once every 10 minutes until the CBF fell

below 11Hz or appeared to have an abnormal wave pattern. Two of the volunteers specimens

were used to evaluate how long the specimen would remain viable for if left in the sampling tube in

the incubator at 37oC. To do this the specimen was directly returned to the incubator once the

initial CBF was recorded and re-sampled at hourly intervals for four hours, then at six, and eight

hours post sampling.
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Resu/ts

All adults tolerated the procedure well with one minorepistaxis. At least 10 measurements of CBF

could be taken in 10 different sites with one brushing. Assessment of wave pattern appeared

normal with effective clearance of debris in all subjects. Table 4.9 summarises the CBF in the

adult volunteers. At stage temperatures of 30, 43, and 55'C, the slide was heated to 34.4, 37.5,

and 41.5oC respectively. This caused significant changes in CBF. The results are shown in Table

4.10 and diagrammatically in Figure 4.9.

Table 4.9. Adult pilot CBF results.

Adults Mean CBF
No (Hz)

SD
+

C ofV
%

1

2
3

4
5

6
7
I
9

10

14.4
12.7
12.O

13.1

13.4
13.7
12.2
13.3
12.3
12.5

1.7
1.2

0.5
1.0

1.4
0.5
1.1

0.6
1.8
1.2

4.7
7.9
4.0
5.7
8.8
7.6
5.4
5.0
12.3
9.8

Overall 13.0 1.1 7.1

(SD = Standard deviation. C of V = Coefficient of variation %).

Table 4.9. Effect of temperature on CBF in 3 subjecfs.

Subjects Set temp 30'C
Slide temp 34.4"C

Set temp 43'C
Slide temp 37.5oC

Set temp 55oC

Slide temp 41.5"C
Mean CBF (Hz) t SD Mean CBF (Hz) t SD Mean CBF (Hz) t SD

1

2
3

15.0 t 1 .3

11.9 t 0.5
1 1.6 r 1.9

17.0 r 1.3
15.3 r 1 .6
14.3 !2.2

20.7 !0.9
17.7 ! 2.1
15.9 r 1.3

Analysis of the specimens under the microscope showed that the cilia continued to beat with a

mean frequency within the normal range for at least 2 hours. After this time the CBF decreased

rapidly and the coefficient of variation rose. lf the specimen was maintained in the incubator

however the cilia in the 2 specimens monitored still had a normal CBF and wave pattern at 8 hours

post sampling. Therefore provided the specimens in the study group were analysed within these

limits reproducible results should be produced. ldeally the specimens should be analysed within 2

hours of sampling.
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Figure 4.9. Effect of temperature on CBF in 3 subiects.
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Conclusion

This system has shown CBF does vary with temperature. The temperature of the slide specimen

should be stable and uniform across the specimen. lf functional assessments are made on beat

frequency alone, and not combined with an assessment of wave pattern, cilia specimens could be

wrongly labelled as abnormal if the temperature was low. This work has established a method

which can easily measure the temperature of the stage whatever the room temperature is and

adjust the specimen temperature as required to ensure the temperature the specimen is analysed

at is always 37oC. Future research looking at the effect of higher temperatures could be also

accurately performed on this equipment. lt has been speculated from animal models (Dr M Salathe

conference proceedings, Cilia, Mucus and Mucociliary Interest Group Meeting 2002)that there may

be temperature sensitive ciliary mutants which appear to function normally at particular

temperatures (e.9. room temperature) but are defective at other temperatures (e.9. body

temperature). This adds further justification to accurate temperature regulation during ciliary

research and this equipment may be particularly useful for further investigating such models.

The cilia specimen survival studies were only performed in a limited number of subjects, but from

these results it would seem appropriate not to leave the slide specimen for analysis of CBF under

the microscope for more than 2 hours. This was assumed to be due to the limited volume of the

media to supply sufficient energy requirements for the beating cilia. Further work is needed to

establish how long the specimens would be viable if left in the incubator for longer periods. lt

would seem sensible for the specimens to be analysed as soon as possible after the brushing was

performed preferably within 1-2 hours. On rare occasions when this is not possible however this

work and that of others has suggested that cilia specimens are still viable for up to 6 hours (Rutland

et al., 1982c; Selwyn et al., 1996), if maintained at 37oC in an incubator.

93



Paediatric pilot work

Aim

To establish that satisfactory samples of ciliated epithelium could be obtained in children, to

measure CBF by brushing the nasal passage once only.

Method

Eight children of staff members or friends who agreed to have nasal brushings taken. They were

non-smokers and had not had an URTI clinically diagnosed for at least 4 weeks. The nasal

brushings and CBF were performed as per the above protocol.

Resu/ts

All the children tolerated the procedure well with only one minor epistaxis. At least 10

measurements of CBF could be taken in 10 different epithelial strips with one brushing.

Assessment of wave pattern appeared normal with effective clearance of debris in all subjects.

Table 4.11 summarises the CBF in the paediatric volunteers. The coefficient of variation was

calculated as the variation of all the recordings that were made per patient.

Conclusion

Nasal brushings and CBF were successfully obtained in children. There was no statistically

significant difference between the CBF of the adults and the children (p=0.7), the small sample size

and lack or children less than 7 years of age however may be a limiting factor. The procedures on

the children were no more difficult or less successful than the adults. Some authors have

suggested that the CBF of neonates is faster then children and adults (O'Callaghan et al., 1991; Ho

et al., 2001), others have found no such difference (Jorissen et al., 1998). This will be discussed

further in chapter 5 along with the prospectively collected control data in this study. Although the

mean coefficient of variation was higher than adults, again there was no statistical difference

between the groups (p=0.1),

Table 4.11. Paediatric pilot CBF results.

Children
No

Age
(vrs)

Mean CBF
(Hz)

SD
t

G ofV
Yo

,|

z

4

6
7

8

12
15

16

14
10
13

8
7

14.3
12.3

13.2

12.7
12.5
13.1

12.0

13.8

1.0
1.1

1.4

1.1

1.7
1.9

1.0

1.3

7.2
8.6
10.9
8.8
13.5
14.7

8.4
6.0

Overall 12.5 13.0 1.3

(SD = Standard deviatlon. C of V = Coefficient of variatlon %).
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4.5. Overall discussion

The work of this chapter has confirmed that the service available for the assessment of cilia in

Auckland is sub-optimal. The previous practice of structural analysis was inflexible, and did not

confirm PCD in any of the children previously tested. However, it could also be stated that there is

no evidence that a diagnosis was missed. Some of the children evaluated already had diagnoses

that may have been the primary reason for their respiratory symptoms. Many biopsies were taken

at the time of or soon after an acute infection to fit in with other investigations and because an

anaesthetic was needed. In addition, until this work was performed, no patients had functional

ciliary studies. The methodological work of this thesis has resulted in the development of the

equipment to measure CBF and assess wave pattern to equal current best practice. Samples of

respiratory epithelium can now be obtained non-invasively, as an outpatient procedure, and be

flexible to the timing around intercurrent infections, The heated microscope stage ensures optimal

temperature control that can be easily adjusted according to environmental temperature

fluctuations.

The CBF values found in New Zealand adults and children were similar to worldwide data when

measured at 37oC (Agius et al., 1998; de longh and Rutland, 1995; Ho et al., 2001;Jorissen et al.,

1998; O'Callaghan et al., 1991; Roth et al., 1991). However, to establish normal beat frequency

values using this equipment and for this population, a larger sample size is needed together with

structural ciliary studies. lt was noted that the coefficient of variation was greater than 10% in 4

subjects. This was despite the subjects being well at the time of testing, and the attention to

specimen temperature control. There are a number of factors that cause variability in assessing

CBF. This work has and will continue to count the most vigorous cilia in a specimen on a strip of

epithelium at least 50pm in length, which is free of mucus and debris. Single cells will not be

included. All measurements in the large prospective study to follow will be taken by myself to

remove inter-operator variability. Previous literature on CBF in healthy controls compared with

bronchiectasis has shown the CBF to be slower in bronchiectasis (Rutland and Cole, 1981). Other

authors have found no difference between controls and cases of bronchiectasis when the fastest

beating cilia are examined (Veale et al., 1993; de longh and Rutland, 1995). However, the later

study showed a wide variation in CBF in nasal mucosal samples especially in bronchiectasis

subjects (Veale et al., 1993). Veale suggested that not only should repeated counts on the one

specimen be made, but also repeat specimens be taken in bronchiectatic subjects. lt should also

be noted that CBF might be modified by inhaled or oral drug treatment at the time of sampling

(Smallman et al., 1984). These considerations will be taken into account for the prospective study

to follow.

The lack of structural studies to confirm that the normal CBF and wave pattern were indeed normal

structurally at this stage in the thesis could be seen as a weakness of the methodology. Due to

lack of local experience, the time needed to perform electron microscopy studies, together with the

expense of the technique, not all specimens could be examined in this manner although this would
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have been optimal. However, a selection of normal cases together with bronchiectatic cases will

be examined for structural normality in the prospective study. However, the overall primary

purpose of this part of the study was to check ciliary function.

Insufficient subjects were used in this methodological work to establish how long the cilia specimen

would remain viable if kept at room temperature. Previous work has suggested that cilia

specimens are still viable for up to 6 hours (Rutland et al., 1982c; Selwyn et al., 1996). Same day

analysis of cilia specimens needs to be explored further in New Zealand where patient transfer to

Auckland to have a nasal brushing specimen taken and analysed is not always possible.

Anecdotal experience from the Leicester ciliary laboratory in England (Professor C O'Callaghan)

has shown that transporting cilia specimens by courier from other parts of England in a thermos

flask, and then re-warming them to 37oC for analysis has shown satisfactory results. Paediatricians

in selected cities such as Christchurch and Wellington could be taught the nasal brushing

technique and then the specimens transported to Auckland the same day for analysis.

Observing clearance of debris by the ciliated epithelial strip at 40 x and then 100x magnification

was used to make an assessment of the effectiveness of the wave pattern. This method was used

by experienced technicians in the ciliary laboratory at the Brompton Hospital but to my knowledge

has not been formally validated. Many regard high speed imaging by cinematography or more

recently digital high-speed video as the optimal method to analyse ciliary function (Gray, 1930;

Dalhamm, 1970; Rossman et al. (1983; 1984); Sanderson and Dirksen, 1985; Chilvers and

O'Callaghan, 2000a). Future modification of the cilia apparatus to incorporate a video recorder

would expand the versatility of the system, enabling increased assessment of waveform and

pattern. However, expense, difficulties with processing the image, and lack of real time analysis

means many centres have relied on the photodiode method for ciliary beat analysis. To be able to

video record specimens that appear to have an abnormal wave pattern, and then play them back at

a slower rate is potentially easily achievable with this equipment. This would allow audit and

permanent records of the analysis to be made. However, a strict policy of no sampling within 4

weeks of an acute infection should also be maintained with or without this refinement. When this

cannot be achieved in children who have frequent infections, treatment with antibiotics prior to

brushing should be undertaken. Anecdotal evidence again from the Leicester ciliary laboratory

suggests that they can achieve a 95% specimen success rate from sampling by following this

policy, allowing full analysis of ciliary structure and function.

In summary this chapter has shown that a method for functional ciliary analysis was successfully

created and piloted. Thus achieving the second aim of this thesis. The next chapter will go on to

use the technique. A study will be performed to prospectively establish normal values for CBF in a

large cohort, combined with additional measurements of NO levels, pulmonary function, and

measurement of atopic status.
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CHAPTER 5

Prospective studv 1: Nitric oxide. atopv and ciliarv beat frequencv in a

oroup of healthv New Zealand children.

5.1. lntroduction

Ethnic normal values for many parameters maybe important as one quarter of the New Zealand

population is of Maori and Pacific lsland origin (Statistics New Zealand, 1997). Normal values for

the study tests must be determined in these groups before being able to interpret the results in

children with bronchiectasis. Worldwide normal values in the literature for NO and CBF give quite

varied results. Table 5.1 shows examples of some of the paediatric NO studies in healthy children.

It serves to illustrate the diversity of methodologies available, the wide difference in NO values

obtained, and the range of sample sizes used in healthy children of all ages.

The reasons why NO control values vary are outlined in the review articles on measurement

standards (Kharitonov et al., 1997a; American Thoracic Society, 1999; Baraldi and de Jongste,

2002'), but the main reasons are:

. Concurrent allergic rhinitis causing elevated NO levels not being taken into account (Martin et

al., 1996; Arnalet al., 1997; Kharitonov et al., 1997b; Henriksen et al., 1999),

. Effects of atopy (Baraldi et al., 1999b, Simpson et al., 1999; Piacentini et al., 1999; Piacentiniet

al., 2000; Piacentini et al., 2001; Del Giudice et al., 2003).

. Effects of passive and active smoking (Kharitonov et al., 1995; Robbins et al., 1997; Chambers

et al., 1998; Yates et al., 2001),

. Differing methodologies (e.9. direct analysis versus reservoir technique) (Robbins et al., 1996;

Silkoff et al., 1997; Kissoon et al., 1999; Silkoff et al., 1999a; Silkoff et al., 1999b; Kissoon et al.,

2000).

r Differing accuracy and reliability of the various NO analysers used (Kharitonov et al., 1997a;

American Thoracic Society, 1999; Baraldi and de Jongste, 2002),

r Differing settings of the NO analysers used particularly the exhalation flow rates and mouth

pressures (Byrnes et al., 1997a; Kharitonov et al., 1997a; American Thoracic Society, 1999;

Baraldi and de Jongste, 2002).

The latest guidelines (Baraldi and de Jongste, 2002) will hopefully result in more consistency in NO

research, and allow comparisons to be more accurately made. However, it should be emphasised

that when this study was planned only the original European guidelines were available (Kharitonov

et al., 1997).
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Table 5.1. Published IVO sfudies on healthy children. This illustrafes fhe variety of
methodologies and range of NO values obtained.

Author, Subjects, Exhaled NO method Exhaled NO Nasal NO Nasal NO
yeal age (expiratory flors muman or musec & (ptateau mean methOd (mean ppD

mouth pressure mmHg or cmH?O) ppb unless slated) unless stated)

Dinarevic n=39 SB, NC, direct (240mUmin) Peak direct 49.6
1996 (9-11yrs) T-piece (665mUmin), 4 mmHg T-piece 29.7

Frank n=16 SB, NC, side stream 3.4 BH 30s 671
1998 (5-15yrs) (250mUmin) 3 mmHg 250mUmin

Baraldi n=159 TB steady state, NC 8.7 MB 5 min 216 (n=133)
1999 (6-15yrs) 34mmHg,700mUmin 700mUmin

Sifvestri n=22 SB, NC,6-8cmH2O 4.0
1999 (5-14yrs) 250mUmin

Franklin n=157 SB, on line 10,'15,20cmH2O 10.3,8.5,7.4
1999 (7-'l3yrs) 50,75, 100 mUsec, 200mUmin

Wildhaber n--14 SB, mask modified RVRTC 18.8
1999 (3-24mths) 200mUmin, 15cmH2O

Kroesbergen n=20 SB on line at7-2oo/o of YC 8.8-4.4
1999 (14$180mths) 70-71OmUsec

Jobsis n=80 off-line 1.75 L mylar bag 10.7

2OO1 (12-16yrs) 100mUsec,20cmH2O

Barreto n=30 off-line 1 L mylar bag 14.4

2OO1 ($18yrs) 10cmH2O,S8mUsec,8s

Kisson n=112 SB CF, 10 & 20 cmH20, on line 29-73

2002 ('15-18yrs) 15-46mUsec & off line Tedlar bag off line 22-91

Daya n=30 CF 481 nUmin
2OO2 (1'17yrs)

Pijnenburg n=34 off-line 0.15 L mylar bag, 10s 5.8

2OO2 (4-8yrs) 5-10cmH2O, DFR SOmUsec

SB=single-breath; TB=tidal breathing; NC=nose clip used; DFR=dynamic flow resistance: MB=mouth breathing;

RVRTC=raised volume rapid thoracic compression; CF=constant flow; BH=breath hold; VC=vital capacity.

The reasons why there are differences in CBF control values (Bush et al., 1998) are:

. Differing study populations and small sample sizes,

r Measuring CBF at different temperatures (Green et al., 1995; O'Callaghan et al., 1995),

. Differing methodologies (e.9, video versus photometric methods) (Chilvers and O'Callaghan,

2000a).

The controls in this study will be screened for respiratory disease by using a questionnaire (Ferris,

1978) and formal lung function testing. Asher et al found that using a body plethysmograph,

Polynesian and European children generally showed different slope and intercept relationships for

the prediction of lung volume from height, and Maori and Pacific lsland boys had significantly larger

VC, FVC, FRC, TLC, and expiratory reserve volume than did Maori and Pacific lsland girls (Asher

et al., 1987). Asher concluded that these racial differences were partially explained by differences
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in body proportions and social factors including the percentage with parental smoking. There are a

number of disadvantages in using this data to compare with the children with bronchiectasis in this

study: the lung function data is old; it was performed by plethysmography rather than spirometry as

proposed in this thesis; the study used different definitions for ethnic arouping; and although it was

of a large size (n=571 ), no children over the age of 1 3 years were evaluated. I therefore elected to

use new ethnically determined data in this study to compare with the disease group obtained on

the same spirometer.

Skin prick allergy tests are included in this study protocol to control for the elevation in NO that

atopy may produce even in the absence of asthma (Baraldi et al., 1999b; Chatkin et al., 1999;

Moody et al., 2000; Barreto et al., 2001; Silvestri et al., 2001; Leuppi et al,.,2002; Narang et al.,

2002; Del Giudice et al., 2003), and not as a guide for possible undiagnosed asthma. The

prevalence of atopy in New Zealand adolescents and adults has been reported as ranging from

31.7% to 34.8% (Shaw et al., 1991; D'Souza et al., 1999). Sears reported in his longitudinal birth

cohort study that 45.8o/o of the 714 children tested positive to at least one of 11 allergens. The

most common allergens were rye grass (32.5%), house dust mite (HDM) (30.1%), and cat dander

(13.3%) (Sears et al., 1989). There is no reference data that documents the skin prick sensitivity to

common allergens in the range of paediatric Pacific lslanders currently living in New Zealand.

However, there is information on Tokelauan children (Crane et al., 1989a, 1g8gb) and Maori

adolescents living in New Zealand (Shaw et al., 1991), in which the reported prevalence of atopy

was 32o/o and 31% respectively. Four common allergens; cat hair, HDM (Dermatophagoides

farinae), Alternaria tenuis, and grass mix will be used in this study. No more than four was thought

necessary, as it was not the purpose of the study to evaluate its prevalence in the population

merely to use as a guide to atopic tendency. Larger numbers of allergens may have caused

problems and decreased recruitment.

As well as attempting to confirm the relationship between atopy and NO, the in vitro finding that NO

is a modulator of CBF will be examined in vivo (Jain et al., 1993; Loukides et al., 1998; Runer et al.,

1998; Runer and Lindberg, 1999; Li et al., 2000; Kim et al., 2001: Zhan et al., 2003). My

hypothesis is that those children with higher beat frequencies may have higher NO values. lf there

are ethnic differences in respiratory disease due to subclinical ciliary abnormalities this may be

reflected in poorer lung function, low NO (particularly nasal NO <250 ppb) and a low CBF.

However, NO may be elevated if airway inflammation or atopy is present without any effect on lung

function or CBF. The questions covered in the questionnaire (e.9. passive smoke exposure, family

and personal respiratory history) will be used to interpret the results and the relationships found.

Based on these considerations, the aims of this study are to:

o Examine the relationship between NO levels and CBF in vivo in healthy children.

. Document ethnic normal values for NO and CBF for healthy New Zealand European, Pacific

lsland, and Maori children,
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Examine the relationship between NO levets and skin prick sensitivity to common aeroallergens

between New Zealand European, Pacific lsland, and Maori children.

Examine any differences between ethnicities, to see whether the disproportionate amount of

respiratory disease in Maori and particularly Pacific lsland children is reflected in altered levels

of NO.

5.2. Methods

Subl'ects

Recruitment

I performed all the recruitment, including school liaison and outpatient clinic enrolment, and

databased the questionnaire and the test results.

Chifdren between the ages of 5 and 17 years were recruited from a selection of local Auckland

schools within the Auckland Health District that had a high percentage of Maori and Pacific lsland

children. A numbered list was compiled of schools that had more than 30% Maori and Pacific

lsland children. This was obtained from the New Zealand directory on schools (Excellence: New

Zealand School Directory, 2000). A standard table of random sampling numbers was used from a

medical text on statistics (Hill, 1984) to select 5 primary and 5 secondary schools from the

numbered list. This method of obtaining schools with particular high ethnic proportions was used

previously in other New Zealand studies (Harre et al., 2000) and is accepted as unbiased by

statisticians.

The initial approach was made to the school principal by letter and permission from the principal

and/or the school board was obtained (see Appendix E). When the study proposal had been

accepted, either after presentation to the board, or as a result of the letter, a visit was made to the

school to go through the study outline with the principal. Thereafter, the process required flexibility

according to the school and age of the child. In some cases the principal would delegate another

member of staff to be the liaison person for the study. Many of the schools had newsletters and so

after the school had agreed to be involved, the study would be advertised in English and also in

Samoan and Tongan. Fliers about the study were used when the school had no newsletter and

these were translated into Samoan and Tongan (see Appendix F). A Maori and Pacific lsland

support worker andior an interpreter were available on request.

Children 611 years

For the primary schools the study would be presented to all the staff and parents at a parent

teachers meeting. Most parents would enrol at this time if their child was eligible and appointments

for the tests would be negotiated immediately. Other parents were encouraged to contact me

directly by telephone. The information leaflet, questionnaire and consent form with a stamped self-
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addressed envelope would be sent to them. Once the forms had been returned arrangements

would be made by telephone to agree a time to do the tests. For this age group, it was thought

important that the parents or carers were present during testing, and all expenses of the visit were

covered. In a few cases parents wished to enrol older brothers and sisters of the index child; this

accounted for 6 children in total.

Children and young people 11-17 years:

For the secondary school children I would visit the schools and give a S-minute assembly

presentation about the research to the pupils. In some cases this would be to the whole school,

other schools wished to have only one or two years invited to enrol [Marist college (1 year), Kelston

Boys (2 years), Kelston Girls (2 years)]. This included instruction on whom to approach if they

wished to enrol. The nominated person varied from school to school and included the school

nurse, deputy head, or school councillor. The school representative would give the children copies

of the consent form, questionnaire (see Appendix G) and information leaflet (see Appendix H),

and make a note of their name. A deadline for return of these papers would be given. After that

date the forms would either be collected by myself or collated and posted to me by the school

representative. Consent for the study and for transport by car to and from Green Lane Hospital

was obtained from the secondary school children and their parents. The secondary school children

were collected from school in groups of 3-6 at an appropriate time for the school curriculum

(usually after morning school assembly at 09:00) and taken to Green Lane Hospital for the tests.

They were returned to school later the same morning.

Once the forms from each age group were returned they were assessed as regards

inclusion/exclusion criteria, which were covered by the study questionnaire (Appendix G).

lnclusion and exclusion criteria

lnclusion criteria

o No history of clinically diagnosed upper airway infection within the previous month*.

. No history of asthma or ongoing upper or lower airway disease.

r No current medications.

Exclusion criteria

o Current upper respiratory tract infection (inclusion reconsidered a month after recovery).

. Any respiratory disease.

. Taking any medication.

(*N.8. This question was repeated on the day of the tests as in most cases, a few weeks had

elapsed between recruitment and performing the tests.)
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Cu ltural col laboration

The research was carried out in accordance with the principles of the Treaty of Waitangi. The

study was discussed with representatives of Maori and Pacific lsland communities (Dr John

Marsden, Ms Metua Fa'asisila and Mr Filipo Motulao). Their recommendations on specific

approaches helpful for Maori and Pacific families were followed, particularly when recruiting the

children and families, and during compilation of information leaflets, school fliers and their

translations. The question regarding ethnicity in the questionnaire (see Appendix G) was similar

to that used in the 1996 census and allows for dual or multiple ethnicity. A tick box system gave a

choice of 9 stated ethnicities and an opinion to write a different ethnicity if needed. The responses

were combined into ethnic categories by considering one or more positive Pacific lsland response

to be of Pacific lsland ethnicity. lf Maori was ticked alone or together with Pacific lsland or New

Zealand European, this child was considered Maori in accordancewith guidelines (Thomas,2001).

lf European was ticked and not Maori or Pacific lsland, the child was considered European. lf a

different ethnicity was written and European, Maori or Pacific lsland was not ticked, the child was

considered'Other' ethnicity.

Sfudy fesfs

The aims of undertaking the study tests were to be child-friendly, inexpensive and importantly, non-

invasive. Measuring NO, spirometry, and undertaking skin testing fulfils these objectives.

Obtaining cilia samples by brushing the nose is far less invasive, quick and safe than subjecting a

child to the risks of a general anaesthetic and airway biopsy. The Royal College of Paediatrics and

Child Health guidelines on ethical conduct in research (Mclntosh et al., 2000) supports that

research procedures of no or minimal risk should be performed, and where there is no direct

benefit to the child, the risk of a general anaesthetic would be unacceptable.

I performed all the skin prick testing, cilia sampling and approximately 75o/o of the spirometry and

the NO measurements. Assistance with the other 25o/o of the spirometry and NO measurements

was gratefully received from the paediatric respiratory technologists Mrs Cathy Douglas and Mrs

Shelly Broome overseen by myself.

Skin prick reactivity

The skin tests were performed first so that the other tests could be performed while waiting for a

result. Since there is a circadian rhythm in the size of reactions to allergens and histamine

(Taudorf et al., 1985), allskin lests were performed between 09:30 am and 11am on the test days.

Reactions to the 4 chosen allergens [cat hair, HDM, Alternaria tenuis, and grass mix, (Ebos)] were

tested on the left forearm of each child. Histamine hydrochloride (10m9/ml) and a saline (sodium

chloride 0.9%) solution were used as positive and negative controls respectively. The Quintest

device (Bayer) was used because of ease and reproducibility of the device (Carrozzi et al., 1998;

Nelson et al., 1998). This is a disposable skin{esting device, which has a handle from which 5
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columns extend (see Figure 5.1). Each column is spaced 30mm apart as suggested by position

statement (American Academy of Allergy and lmmunology, 1993) and contains a 1.2 mm steel tip.

The device is supplied with a ten well allergen tray, which was changed each study session.

Procedure:

1. Before testing enquiry was made about skin creams and moisturisers and the left forearm

was cleaned as appropriate with alcoholand allowed to dry.

2. The negative control was tested by placing one drop of the solution on the left forearm and

a Microlance was passed vertically through the drop with firm pressure and the skin gently

lifted to create a break in the epidermis. The Microlance was discarded after each test.

3. The 4 allergens (HDM, cat, grass and Alternarla) and the positive control were studied

using the Quintest device, and 5 drops of each were placed in separate wells in the

Quintest tray.

4. Each well was labelled with the allergen it contained in a set order each time (see study

tests form Appendix l).

5. The skin test device is held by the handle, with the Quintest name always facing outwards

from the tray centre, and placed in the tray so the tips were submerged in the allergens.

6. With the Quintest device held perpendicular to the skin, it was pressed down on the left

forearm with medium pressure, rocked end to end and side to side without lifting from the

skin twice to ensure all tines had penetrated into the epidermis, lifted vertically and

discarded.

7. Small pressure circles on the skin of about 4mm in diameter would remain at the test site

indicating the correct amount of pressure was applied. A positive response was defined as

a skin wheal 3 mm greater than that of the negative control.

8. The mean wheal size for each allergen was measured 15 minutes after the device and the

Microlance were removed from the skin. lt was defined as the mean of the maximalwheal

diameters at 90 degrees to each other (American Academy of Allergy and lmmunology,

1993).

9. The mean wheal diameter of all positive reactions (atopy score) and the number of positive

reactions per individual (atopy index)were calculated.
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Figure 5.1. Skin fest device (Quint*t) used in the study. Examples of posltive

reactions to the reagents when tested on the prtncipal lnvxtigator.

Whealand
skin flare

Nitric oxide

Exhaled and nasal NO was measured with a modified chemiluminescence analyser (model LR

2000, Logan Research Ltd, Rochester, Kent, United Kingdom). This was sensitive to NO from 1 to

5000 ppb with a resolution of 1 ppb designed for online recording of exhaled NO concentration.

The analyser also measured carbon dioxide (CO2) (resolution of 0.1Vo, CO2 response time

200msec). Between measurements, the system sampled charcoal-scrubbed air that was free of

NO. This was made available for use on this project at Green Lane Hospital, Auckland.

Calibration was checked at the start of each daywith a standard NO gas concentration of 100 ppb

as recommended by the manufacturers. The analyser has a zero calibration whereby zero gas is

drawn through an in-built "zero filter" before each manoeuvre. All measurements were undertaken

at ambient NO levels of <40 ppb. No food or drink was ingested by the child for at least t hour

before performing the NO manoeuwe.

All the rneasurements were performed according to the then cunent European Respiratory Society

guidelines (Kharitonov et al., 1997). Although these guidelines gave recommendations for the

exhalation parameters for the measurement of exhaled NO, they did not state specific

recommendatisns for the measurement of nasal NO in children. Research using the NO machine

available for this Pro;iect from our adult colleagues had suggested that sampling rates of 250
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ml/minute and 500 ml/minute at a single point in time had acceptable reproducibility (coefficients of

variation 10.2o/o and 6.6%, respectively) (Bartley et al., 1999). Therefore with no better paediatric

standards available, and only local adult work, I elected to use a sampling rate of 500 ml/minute to

measure nasal NO in this study.

A) Exhaled NO

Procedure:

1. The child was seated in front of the NO analyser.

2. After taking a maximum inspiration, the child was asked to exhale slowlv and steadilv

through the mouthpiece over 5-30 seconds. The child exhaled against a low resistance

(5.0mmHg moulh pressure, flow rate 15 l/min equivalent to 250m1/sec) and the rate of

exhalation was kept as constant as possible. A small panel of lights helped the child (and

the investigator) to keep this constant.

3. Exhaled air was sampled at 250m1/min through a side arm tube directly into the analyser

for NO measurement.

4. The plateau level of the last part of exhalation, when CO2 was 70% to 80% of maximum,

was taken as the expired NO concentration. (Figure 5.2)

5. Three measurements that varied by less than 10% were taken and the mean recorded.

8) Nasa/NO

Procedure:

1. Following a brief pause, the child then held his/her breath after a maximal inspiration.

2. A narrow tapered polytetrafluoroethylene-coated tube was inserted into the nares.

3. A sample was then aspirated at 500m1/min during breath holding.

4. The plateau NO level was taken as the level of nasal NO (Figure 5.3)

5. Continued soft palate closure was confirmed by the absence of an increase in CO2 during

sampling.

6. Three measurements that varied by less than 10% were taken and the average recorded.

(N.B. The same nostril was subsequently used for the nasal brushings.)
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Figure 5.2. A healthy child pertorming the manoeuvre to measure exhaled NO and

computer graphics of the reading; the cursor is sef at the point at which

Cursor at
NO plateau

'.o" On Qco Qvrc SrtnXT|UE(rc.r)

the NO reading would be taken.
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Figure 5.3. A healthy child pertorming the manoeuvre to measure nasal NO and

computer graphics of the reading; the cursor is sef at the

point at which the NO reading would be taken.

Cursor at
NO plateau

f9 m !rt rr.' Q* Qcoe Qvm SAXFTXTIUE(E)

Lung function testrng

A portable Compact ll Vitalograph (Fisher & Paykel Healthcare, New Zealand) was used to

measure lung function according to standards (American Thoracic Society, 1995), and percent

predicted was compared with ethnic normal values for the Auckland laboratory (Asher et al., 1987).

The spirometer was calibrated before each set of measurements with a 1-litre syringe. Procedure:

(see Figure 5.4)

1. The child stood and put on a noseclip.

2. The child took a big breath in and once a tight seal was made around the mouthpiece,

exhaled as fast and for as long as possible into the mouthpiece to produce a maximal

forced expiratory manoeuvre.

3. This was repeated at least 3 times. We ensured that the sum of the forced vital capacity

(FVC) and the forced expiratory volume in 1 second (FEV1) was within 5% of each other

before it was considered acceptable (American Thoracic Society, 1995).
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4. The flow volume curve with the best sum of FVC

interpretation, and the forced expiratory flow between

also recorded from the manoeuvre.

and FEV1 was then chosen for

25-75To of the FVC (FEF2175) was

Figure 5.4. A child pertorming spirometry.

intt iiii lir iiil t

Cilia sampling

Nasal brushings for all the children were taken at Green Lane Hospital using the same nostril as

the NO measurements. The procedure used was previously described in chapter 4 page 89-90.

The specimen was transported at 37"C in the Thermolyne transport incubator to the laboratory

incubator in the Anatomy Department in the Auckland School of Medicine for functional analysis

within 1-2 hours after sampling.

Statisfical analysis

Statistical advice was obtained from Elizabeth Robinson Statistician at the Biostatistics Unit, in the

Department of Community Health, School of Medicine, and University of Auckland. Statistical

analysis was performed using Statistical Package for Social Sciences (SPSS) for Windows version

9.

The sample size calculation was based on categorising the children for the brush biopsy studies

into those children having normal/abnormal CBF. I acknowledge that by using this categorisation

the study may not have enough power to detect changes in other endpoints. However, at the time

the study protocol was designed the cut off for abnormal nasal NO of 250ppb in relation to

screening for PCD had not been established (Narang et al., 2002). Firstly, by definition as the

normal range is equivalent to the mean t 2 standard deviations, the proportion of normal children

with an abnormal CBF is approximately 2o/o. The sample size would then ensure 80% likelihood at

the 0.05 level of significance of detecting a ciliary abnormality. Therefore 60 normal children from

each of the main ethnic groups (European, Maori, Pacific lsland) were to be enrolled. A cluster
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sampling method of analysis was chosen, as the unit of sampling (schools) is not the unit of

analysis (pupils). I was aware that the variation of the sample would then generally be less than

would occur in an equivalent simple random sample.

The children's clinical characteristics and the study test results (CBF, NO, lung function, and skin

tests) were entered into a database, and expressed as means with standard deviations or medians

with ranges, depending upon whether they were normally distributed as ascertained by the

Kolmogorov-Smirnov test. Differences among groups were evaluated using the chi-square test.

Analysis of correlations was performed using Spearman's rank correlation coefficient (rho). A p

value of less than 0.05 was taken to be statistically significant. Logistic and linear regression

analysis was used to investigate the differences between ethnicities and the study tests. Schools

were taken as a cofactor in the analysis to correct for sampling design and to adjust for the

clustering effect. Additional analyses were performed for the main hypotheses by Elizabeth

Robinson using more appropriate survey sampling software (SUDAAN and SAS version 8.3) which

allowed for correlations between children from the same school.

5.3. Results

Recruitment

The study period extended through all seasons from December 1999 until December 2000. Table

5.2 and Figure 5.5 show the number of children recruited from each school and how many

completed the study tests. One hundred and sixty four volunteers were originally enrolled from 5

primary schools and 5 secondary schools. Although overall this resulted in a large group of

children, the numbers are very small in relation to size of the school rolls (1-5%), and there were

very few Maori recruits. Only one primary school that was approached declined to be involved due

to involvement with other research projects. The study population also included 6 children who

were siblings of the child enrolled from the school. Nineteen children were excluded initially

because of respiratory disease; having ceased attending that particular school; or school non-

attendance- All of the remaining 145 children completed the questionnaire, skin prick tests, nasal

and exhaled NO, spirometry, and nasal brushing. In the final analysis the 6 children who were

siblings were excluded from the final control group (leaving a total of 139), as they were not from

schools selected to be sampled.
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Table 5.2. Total roll numbers and volunteers recruited from the primary

and secondary schools involved in the study.

Primary Schools (Roll) Number of volunteers
Newmarket (200)
Kelston (415)
Point Chevalier (489)
Te Papapa (252)
Panmure Bridqe (190)

4
4
8
5
4

Secondary Schools (Roll) Number of volunteers
Otahuhu College (1357)
Kelston Girls High (910)
Kelston Boys High (95a)
Glendowie (830)
Marist College (520)

34
6

31

20
23

NB There were also 6 siblings enrolled

Figure 5.5. Recruitment numbers and the numher of subJ'ecfs

who completed the sfudy tesfs.

5 Primary Schools (n=1546)
5 Secondary Schools (n=4571)

6 asthma
6 left the school
7 did not attend

CBF
105 adequate
40 inadequate

Questionnaire results for the total control group

Cl i n ic al a nd d e m ogra p h ic ch aracter'stics

The clinical features and demographic characteristics of the total control population (n=139) are

summarised in Table 5.3. There were significantly less Maori in comparison with the other

ethnicities (p<0.0001). The European children were overall younger [p=0.03, median age

Europeans 13.1 years (range 5.1-16.7), Pacific lsland 14.7 years (5.9-17.4), Maori 14 years (8.4-

15.3)1.
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Table 5.3. Clinical and demographic features of the

total control population.

Number of children (females)
Median age years (range)
Ethnicity European

Pacific lsland
Maori
Other

No. born in NZ
FH smoking (lncludes 4 smokers)
FH respiratory disease

FH asthma
FH bronchitis

13e (80)
14.3 (5.1-17.s',)

58 (42o/o)

61 (44o/o)

16 (11%)
4 (3o/o\

117 (84%)
51 (37o/o)

66 (47o/o)

47 (34Yo)

34 (24%)

Birth place

The majority (1171139) of the children and young people were born in New Zealand (84%). Of the

22 who were born overseas - 12 had been born in the Pacific lslands (7 Samoa, 4 Fiji, and 1

Tonga), 4 originated from central or western Europe (2 UK, 1 Denmark, 1 Russia), 1 from the

Middle East (lraq), t had been born in Australia, 2 in South Africa, and 2 in the USA. The length of

time spent overseas before immigrating to New Zealand was not consistently given or known.

There was no difference between the ethnic groups in those born overseas.

Family history of smoking

Fifty-one of the 139 children (37Vo) were exposed to environmental tobacco smoke at home, and

this included 4 of the total control group who admitted to smoking regularly. All the smokers were

Pacific lsland males, and in 3 out of the 4 cases other family members smoked. Two of them said

they smoked less than 5 cigarettes per day, and the other two less than 5 per week. Twenty-two

children (15%) described two or more people in the family who smoked. More fathers (30) smoked

than mothers (2a), and apart from parents, siblings (13), grandparents (3) and other relatives (7)

contributed to the numbers. Twenty-six of the smokers either smoked anywhere (inside or outside

house) and 28 stated they smoked outside. None of the smokers admitted to smoking more than

20 per day, and the majority admitted to smoking <10 cigarettes per day. Only 11 (19%) of the

European controls were potentially exposed to tobacco smoke at home versus 30 (49%) of the

Pacific lsland controls and 10 (63%) of the Maori controls. None of the children from other

ethnicities had smokers who lived with them. Thus in comparison with European families when

adjusted for clustering there appeared to be more Pacific lsland and Maori children who lived in

homes where there were smokers (p=0.03).
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Family history of respiratory drsease

66/139 (47o/o) of the children had a family history of one or more of the diseases stated - bronchitis,

asthma, emphysema, bronchiectasis, CF or other respiratory disease. Thirty-three percent had

one disease, 14% had multiple diseases. The most common disease was asthma (47 cases, 34%)

followed by bronchitis (34 cases, 24o/o). Eighteen families (13% of the population) had both asthma

and bronchitis in the family. Emphysema (9 cases), bronchiectasis (2 cases), CF (1 case) and

other respiratory disease (8 cases in total, 2 cases of TB in grandparents, 2 cases of pneumonia in

sibfings or parents, and 4 cases not specified) occurred in only a few families. Thirty-two of the

European children (55%) had a family history of respiratory disease, versus 22 (33%, of Pacific

lsland children, and 10 (63%) of the Maori children. This apparent difference between ethnic

groups did not reach significance when adjustments were made for cluster sampling (p=0.3).

Personal respiratory symptoms

Although there was no history of any child in the excluded group having an URTI for a least a

month, one child did report a history of a runny nose due to hayfever but had not had symptoms for

over a month. However, there was significant reporting of other background respiratory symptoms

despite all the children being said to be well at the time of testing. While there were only 6 who

reported symptoms of both cough and wheeze, 15 reported cough, and 33 reported a history of

wheeze at some time in the past.

Fifteen children (11%) reported a cough when they did not have a cold (see Figure 5.6 for

summary flow diagram of children with cough in the total control group). Four of these reported

that it was not regular or productive and was not associated with wheeze or sport. One child

reported that they coughed on most days for greater then 3 months of the year, but that it was not

productive and was not associated with wheeze or sport. Eight children reported that the cough

was productive intermittently, and 5 of these reported associated wheeze, 2 with colds only, and 3

occasionally at other times. Only one of these reported wheeze with sport. Three children

reported that they had a history of a productive cough on most days, one was an active smoker but

the other 2 denied passive tobacco smoke exposure. However, only one child out of these 3 (and

not the active smoker) reported any associated symptoms of wheeze with, and occasionally without

colds but not with exercise.

In total 33 children out of the group QaYo) reported a history of wheeze at some time in the past

(see Figure 5.7 for summary flow diagram of the children with wheeze in the total control group).

This was defined as a whistling noise arising from the chest, which occurred more commonly when

the child breathed out than in. Nineteen stated that the wheeze was just with colds and at no other

times, 2 stated that it was with colds and with exercise, and occurred on most days or nights.

Thirteen stated that wheeze occurred occasionally at times other than colds. Out of these'13

children, 6 stated that the wheeze occurred only with exercise. Three of these cases however

reported symptoms of wheeze on most days or nights, but the duration of the symptoms was not

consistently given.
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Figure 5.6. Occurrence of cough in the total control group.

Nol dally for > than
3 months of lhe year

N=8

On most days for
3 months of the year

N=3

Not daily for > than
3 months of the year

N=3

On most days for
3 months of the year

N=1

Figure 5.7. Occurrence of wheeze in the total control group.

Fourteen of the 15 children who reported cough were Pacific lsland (23% of the Pacific lsland

controls), while the remaining child was European. Fourteen out of the 58 European children

(24%), and 15 out of the 61 Pacific lsland children (25Yo) reported wheeze, and 3 Maori children

(19%) reported wheeze. Again these ethnic differences did not reach significance when cluster

sampling was allowed for (p=9.7;.

Past history of respiratory diseases

Eight children (3 European, 3 Pacific lsland, 2 Maori, p=0.6) reported respiratory problems in the

first 3 months of life, and 2 of these had ongoing respiratory symptoms - one had 'wet lung' at birth
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and the other had bronchiolitis (diagnosed by the GP, and not verified by medical records). In both

cases the parents smoked. While both reported ongoing symptoms of wheeze, the child who had

bronchiolitis reported both cough and wheeze. Neither child admitted to being an active smoker.

Of the remaining 6 children, t had oxygen at birth only, 1 was premature, 2 had a bronchiolitis like

iffness, and 2 were reported to have had evidence of excessive airway mucus by their parents.

None reported ongoing respiratory symptoms. Three of the children had a family history of

smoking (the child who was premature, one of the children with bronchiolitis, and the child who had

oxygen at birth).

Ten children (3 European, 5 Pacific lsland, 2 Maori, p=0.8) had been admitted to hospital in the

past with a respiratory illness - 2 with wheeze associated lower respiratory tract infections treated

as asthma, 2 with croup, 2 with bronchiolitis, and 4 with pneumonia. Five children reported heart

problems - 4 had echocardiogram proven functional murmurs, and one child had a bicuspid aortic

valve. No child had known situs inversus, but ideally this would have been determined by physical

examination.

Thirty-six control children (26"/"), 17158 (29o/o) European, 14161 (23Yo) Pacific lsland, 5/16 (31%)

Maori had a history of one or more of the stated respiratory illnesses in the past. Many diagnoses

may be imprecise and the validity was not verified by reviewing GP records. Three children

reported having bronchiolitis (all Paciflc lsland), 6 whooping cough (3 European,2 Pacific lsland, 1

Maori), 8 croup (7 European, 1 Pacific lsland), 8 bronchitis (5 European, 1 Pacific lsland, 2 Maori),

and 19 (14%) reported a respiratory illness that had been labelled as asthma (8 European, 8

Pacific lsland, 3 Maori). Overall there were no significant ethnic differences in the past history of

respiratory illness, and the numbers reported are small (p=0.5).

Twelve out of the 19 children with a history of suspicious asthma reported no ongoing symptoms of

cough or wheeze. Of the 7 children (1 European, 5 Pacific lsland, 1 Maori) who did have ongoing

symptoms, 4 reported symptoms of wheeze, 2 just with colds and 2 with sport. Three reported

ongoing symptoms of cough; one reported a mostly daily productive cough for 3 months of the

year, and 2 reported a productive cough and episodic wheeze. All of the 6 children who reported

previous whooping cough had ongoing cough or wheeze. Three reported wheeze only with colds,

and 2 stated they had wheeze on most days or nights at times other than with colds and with

exercise. The remaining child who had a history of whooping cough reported a mostly daily

productive cough for 3 months of the year. Four out of the 8 children who had croup had ongoing

wheeze with colds or exercise, and one of these reported a produclive cough as well as wheeze

with colds. Of the B children who had a history of previous bronchitis, 3 gave a history of wheeze

and one reported a mostly daily productive cough for 3 months of the year. One of the 3 children

with history of bronchiolitis had ongoing wheeze, and another reported an infrequent productive

cough.
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Previous ENf dlsease

Forty-nine children (35% of controls) gave a past history of ENT problems, but none in the recent

months. Twenty-one (15%) children had a history of sinus problems, 33 (24%) had a history of

recurrent ear infections. Twenty-one (15%) had required grommets and 5 admitted having a

history of fluid discharge from the grommets. On further questioning the grommets were no longer

in situ, and the young people had not suffered from otitis media for many years. Eight children (6%

of controls) had both sinus and ear problems, none of these were the children who had a history of

discharging grommets, and none had any history of upper airway symptoms since pre-and early

school days. There was no significant difference in the occurrence of ENT problems (sinusitis or

recurrent otitis media) between the ethnic groups (p=0.7).

Symptoms of atopy

Sixteen children (12o/o) reported a history of hayfever symptoms (rhinitis, sneezing, watery/itchy

eyes) but were tested in the winter and did not report any current symptoms. Twenty children

(14%) had a history of eczema. Eight children (6%) had both hayfever and eczema. There was no

significant difference in the symptoms of atopy between the ethnic groups (p=0.4).

Medication

Ten children were taking medication - 1 child was on Fergon (an oral iron preparation), 1 child on

Plasmolyte (oral dehydration solution), 3 had medication for acne, and one was on Minerin

(vasopressin used in this case for the treatment of nocturnal enuresis). One child was taking an

antihistamine (Phenergan) as required, and one was taking Beconase (a nasal steroid spray) as

required, but had not needed to use it for at least a month. Two other children had been taking

bronchodilators but had not used them for at least 6 months. All of these 4 children had ongoing

symptoms of cough and or wheeze.

fn summary, the questionnaire has shown that of the 139 children in the total control group,42oh

were European, 44o/o Pacific lsland, but only 11o/o were Maori. The small number of Maori children

was disappointing, and has meant that any comparisons with the other ethnic groups can only be

made very cautiously. However, in comparison with European families when clustering sampling

was allowed for, there appeared to be more Pacific lsland and Maori children who lived in homes

where there were smokers (p=0.03). Despite 47o/o of the children having a family history of one or

more of the respiratory diseases stated, this was not found to be higher in Pacific lsland and Maori

children. However, this study was not designed to answer the question, 'is there more family

history of respiratory disease in ethnic groups?' merely to recruit normals. Although the parents or

guardians who completed the questionnaires regarded their children as healthy, significant

symptoms of undiagnosed respiratory disease were documented. Nearly a quarter of the cohort

reported wheeze but no ethnic differences were found, and almost a quarter of Pacific lsland

children reported a cough.

115



As a consequence of the significant symptoms reported by the children the plan of analysis was

changed. Using the answers to the questionnaire the total control group was separated into those

with absolutely no history of upper or lower respiratory disease (the 'pure' control group), and those

who had symptoms of either upper or lower respiratory disease or who admitted to being active

smokers (the excluded control group). The study test results of the pure and the excluded control

groups were compared. The aim was to establish whether there was any statistical difference

between the 'pure' control group and the excluded control group. lf a difference was found, the

pure rather than the total control group would be used to compare with the disease group. lf no

difference was found, then the total control group would be used to compare with the disease

group. The strengths and weaknesses of each will be described further in the discussion section at

the end of this chapter.

Comparison of the pure control group and the excluded group.

The'pure'control group (n=101) had absolutely no reported history of upper or lower respiratory

disease according to the questionnaire. The excluded control group (n=38) included children who

had positive responses to questions which described symptoms of either upper or lower respiratory

disease or who admitted to being active smokers. Apart from the questions on cough and wheeze

(questions 2 and 3) which contained all the excluded children, the excluded children also reported

significantly more positive responses to question 7 which asked about previous respiratory disease

[17138 (45Yol versus 191101 (19%), p=0.02 when adjusted for clustering], 8a which asked about

sinus problems [12138 (32%) versus 9/101 (9%), p=0.02 when adjusted for clustering], but not 8b

which asked about recurrent ear infections [10/38 (26"/") versus 231101 (23o/,), p=0.2 when

adjusted for clusteringl. There was no difference between the ethnic groups in the individual

respiratory diseases reported in question 7a-e, for example asthma or bronchitis. Table 5.4

summaries the demographics of the pure and excluded control groups. There was no significant

difference in the number of children born in New Zealand, the family history of smoking or

respiratory disease between the two groups.

There was no significant difference in age between the groups (14.0 years and 14.6 years in the

pure and excluded groups respectively), although there was a predominance of females in the pure

group (64/101, 63%) compared with the excluded (16/38, 42o/o, p=Q.92). There was a difference in

the number of children in the ethnicities between the two groups (p.O.OOt ). This was mainly a

result of the children who were exposed to smoke, and nearly all the children who reported cough

being Pacific lsland children. This resulted in the pure control group having predominantly

European children, versus the excluded group having predominantly Pacific lsland children (46%

versus 29% European children in the pure and excluded groups respectively;37o/o and 63% Pacific

lsland children in the pure and excluded groups respectively).
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Table 5.4. Clinical and demographic features of the pure control group and the

excluded children. There was a difference in the number of children in the

ethnicities between the two groups (p<0.001).

Demographics Pure (P) Excluded (E) P values
group group for P vs E

Number (females) 101 (64) 38 (16) (Sex distribution 0.02)
Median age years (range) 14.0 (5.1-17.5) 14.6 (5.9-17.1) 0.7

<0.001Ethnicity
European
Pacific lsland
Maori
Other

No. born in NZ
FH smoking
FH respiratory disease

Asthma
Bronchitis

47 (460/0)

37 (37o/o)

13 (13%)
4 (4Yo)

86 (85%)
36 (36%)
36 (35%)
34 (34%l
24(24%)

11(29o/o)
24 (63%l

3 (8%)

31(82%)
15 (39%)
17 (45%)
13 (34%)
10 (260/0)

0.6
0.8
0.7
1.0
0.8

Study tesf results

Comparison of the pure control group and the excluded group

Before correction for cluster sampling the study tests for the two groups suggested that there was

no significant difference between the results for lung function (FVC, FEVI and FEFzs-25, nassl NO,

and CBF (PtO.OS see Table 5.5).

Table 5.5. Study tesf resulfs for the pure controls and the excluded group.

The p values shown are before adjustment for cluster sampling.

The effeets disappeared after adiustment.

Study tests Pure (P) Excluded P values
qroup (E) qroup for P vs E

Number

Atopy Reacted lo >1 allergen
HDM
Grass
Cat
Alternaria

FYC (Yo predicted)
FEYI (o/o predicted)
FEF25-75 (% predicted)

NO (ppb) Exhaled
Nasal

CBF Number
Hz

38

22 (58o/ol 0.1
1e (50%) o.2
11 (29o/o) 0.003
3 (8%) 0.2
1 (2o/o) 0.8

105 (83-123) 0.2
98.5 (s$127) 0.2

104 (40-207) 0.4

6.9 (3.5-87.8) 0.01
363 (34-668) 0.3

28
1?.4 (11.4-16.8) 0.07

101

42 (42o/o)

38 (387o)

I (8%)
4 (4y,)
4 (4Vo)

101 (70-128)
93 (62-127',)

93 (50-r54)

s.3 (2.3-39.6)
405 (70-1 120)

76
12.5 (10.4-15.7)
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Afthough there appeared to be more children who reacted to one or more of the allergens (22138,

58%) in the excluded children versus the pure control group (421101, 42oh) this did not reach

significance. This also appeared to be reflected in significantly higher exhaled NO levels in the

excluded children compared with the pure controls (exhaled NO 6.9ppb excluded versus 5.3 ppb

pure, p=0.01). The occurrence of grass sensitivity was significantly higher in the excluded children

than the pure control group, but this may be as a consequence of the small numbers of children

involved. Although the occurrence of HDM sensitivity was higher (50% versus 38%) in the

excluded group compared with the pure group, the difference did not reach significance. When

analysed for ethnicity, the exhaled NO for the Pacific lsland children appeared higher in both the

pure and excluded groups, with the excluded children's values being overall higher than the pure

control group. Although the nasal NO in the excluded group appeared to be lower than the pure

controls (see Table 5.6).

Table 5.6. Exhaled NO ievels for the pure controls and the excluded children

according to ethnic group before adjustment for cluster sampling.

Ethnicity Median exhaled NO ppb (range)
Pure (n=101) Excluded (n=38)

Median nasal NO ppb (range)
Pure Excluded

European 4.8 (2.4-34)
Pacific lsland 5.6 (2.3-39.6)
Maori 5.3 (3.1-22.41
Others 6.4 (4.3-9)

s.2 (3.6-38.4)
7.2 (3.5-87.71

6.8 (4.e-7)

410 (111-685) 411 (111-5291
417 (70-1120) 362 (34-668)
368 (176-744) 328 (2e2-454\
425 (351-558) -

All Ethnicities 5.3 (2.3-39.6) 6.9 (3.5-87.8) 40s(70-1120) 363(34-668)

To further substantiate these trends, analyses that allowed for the correlations between children

from the same school (i.e. allowing for the clustering effect correctly) and interactions between the

type of control and ethnic group were performed. Logistic and linear regression analyses were

then used to re-evaluate the relationships between ethnicity and the study tests. No significant

interaction was demonstrated between ethnicity and type of control group for any of the study tests.

This supported the use of the total control group (pure plus excluded children) to compare with the

disease group in the further work of this thesis. The type of control will be included in the statistical

model to allow for any differences in the level of response.

The total controlgroup

The demographics and study test results for the total control group will now be summarised and

comparisons made with the questionnaire results (see Table 5.7). Finally as a quality control

measure the exhaled NO levels for the New Zealand children will be compared with data of

European paediatric controls from the Royal Brompton Hospital in the United Kingdom.
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Table 5.7. Study tesf resu/fs for the total control group.

Study test results for the total
control qroup n=l39

Atopy Reacted to >1 allergen
HDM
Grass
Cat
Alternaria

FVC (% predicted)
FEVI (% predicted)

F EF 25-7 5 f/o predicted)

NO (ppb) Exhaled
Nasal

64 (460/0)

57 (41Yo)

1s (14%)
7 (5o/o)

5 (3%)

101 (70-128)
94 (59-127)
e3 (40-207)

s.6 (2.3-87.7)
403 (34-1 120)

104
12.5 (10.4-16.8)

CBF Number
Hz

Atopy

Seventy-five of the total control group (54%) did not react to any of the allergens,64/139 (46%)

reacted to 1 or more allergens. Forty-seven (34%) of the children reacted to 1 allergen, 13 (9%) to

2, 2 children responded to 3 allergens, and 2 children reacted to 4 allergens. HDM followed by

grass were by far the commonest of the positive responses. Fifty-seven (41%) of the population

reacted to HDM with a median wheal diameter 8mm (range 2-30), 19 (14%) reacted to grass with a

median wheal diameter 5.0 (range 2-25), and 7 (5%) to cat with a median wheal diameter Smm

(range 3-28), and 5 (3%) to Alternaria with a median wheal diameter 3mm (range 2-7). There was

no significant difference in either response to the individual allergens, the atopy index (number of

positive reactions per individual) or the atopy score (mean wheal diameter of all positive reactions)

between ethnic groups.

Spirometry

The lung function measurements for the total control group were within normal limits (see Table

5.8). For the group as a whole the mean percent predicted FVC was 1O1% (x 12.7%), the mean

FEVr was 94oh (t 12.2o/o), and the median percent predicted FEF2975 was 93% (range 40-2l7o/o).

The boys had significantly higher FVC percent predicted at 105% (range 75-127%) versus 99%

(range 70-128%, p=0.04), and FEVI 97% (range 59-127o/ol versus 91% (range 69-127%), p=0.02)

than the girls. The girls had a slightly higher FEF2575 percent predicted (95% (46-154%) versus

93% (range 40-207o/ol but the difference was not significant (p=0.9). A multiple regression model

which allowed for the correlation between children from the same school and included ethnicity,

type of control, passive smoking, age and sex found no indication that any of these factors had an

effect on the FVC, FEVI nor FEF2I-75.
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Tahle 5.8. Pulmonary function resulfs for the total control group

according to ethnicity.

Ethnicity Number Lung function as 7o predicted
FVC FEVI FEF25-75

European
Pacific lsland
Maori
Others

58
61

16

4

101 (70-128) 92 (62-118) 90 (46-134)
103 (70-128) e6 (59-127) 107 (40-207)
101 (7U127) e3 (66-121) 86 (53-143)
86 (73-101) 86 (75-93) 100 (83-133)

Total 139 101 (70-128) 94 (59-127) 93 (40-207)

Nitric oxide levels

The median exhaled NO for the total control group was 5.6ppb (range 2.3-87.7ppb). The median

nasal NO was 403ppb (34-1120ppb). Four children had nasal NO that was below 100ppb, the

lowest (lD 84, NO 19.5ppb) was excluded from the final analysis as the nasal airuray of the child

was collapsing on the tube and causing obstruction to the flow. The other 3 children's nasal NO

levels (all Pacific lsland children) were included in the total control group (lD 26, 102, 99, NO

70ppb, B6ppb, 34ppb respectively). All had exhaled NO levels that were high (exhaled NO :
13ppb), and all gave a history of sinusitis. There was no significant sex difference in nasal or

exhaled NO values [exhaled NO boys 5.7ppb (2.3-87.7) versus girls 5.4ppb (3.1-39.6); nasal NO

boys 362ppb (34-744) versus girls 419ppb (104-1120)1. Table 5.9 summaries the exhaled and

nasal NO values for the different ethnic groups, and Figure 5.8 illustrates that the difference in

values between the ethnic groups did not reach significance (p=0.07). A multiple regression model

which allowed for the correction between children from the same school and included ethnicity,

type of control, passive smoking, age and sex found no indication that any of these factors had an

effect on exhaled or nasal NO values.

Table 5.9. Exhaled and nasal NO values for the total control group

according to ethnicity.

Ethnicity Number Exhaled NO
ppb

Number Nasal NO
ppb

European
Pacific lsland
Maori
Others

58
61

16
4

s.1 (2.4-38.4)
6.3 (2.3-87.7)
5.5 (3.1-22.4',)

6.4 (4.3-9.0)

57
61

16
4

411 (111-68s)
398 (34-1120)
365 (176-744)
425 (351-558)

Total 139 5.6 (2.3-87.7) 138 403 (34-1 1 20)

120



Figure 5.8. Exhaled and nasal NO values for the total control group

according to ethnicity.
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A comparison of exhaled NO values was made between New Zealand controls and the Royal

Brompton Hospital, London United Kingdom exhaled NO measurements. The Royal Brompton

Hospital, London had exactly the same machine set to the same specifications as the machine

avaifabfe in New Zealand. In 1997 when the London controls were assessed, the one difference

was the exhaled NO was obtained with the subjects wearing a nose clip. The results of 53

Caucasian British children (median age 11.0 years, range 5.5-19.0 years) were compared with the

total control group of Auckland children (median age 14.3 years, range 5.1-17.5). The age

difference reached significance (p<0.0001). There was no statistical difference between the

exhaled NO of the United Kingdom children (median NO 5.0 ppb, range 2.5-24) and the Auckland

controfs (median NO 5.6 ppb (range 2.3-87.7) (p=0.9). lt is noted that no lung function or measure

of atopy was available for the London controls. A comment only can be given with regard to the

nasal NO as the flow rate used at the Royal Brompton Hospital was half the rate (250m1/minute)

used in this study (500m1/minute) as discussed in the methods section of this chapter (page 104-

105). The Royal Brompton controls median nasal NO was 683ppb (398-1437ppb) versus 403ppb

(34-1120ppb) for the total New Zealand controls.

There was no significant relationship between nasal and exhaled NO (r = 0.19). There was no

significant associations with either exhaled or nasal NO and any questions regarding the child's

personal or family history of upper or lower respiratory disease.

Nasal NO showed no significant relationship with any of the allergens. Exhaled NO was

significantly higher in the children that reacted to one or more of the allergens than those that did

not[medianNO7.1 ppb(range2.3-87.7)versusmedianNO5.lppb(range2.4-34),p<0.0001](see

Figure 5.9). After adjusting for clustering this association was still significant (p<0.0001).
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Figure 5.9. Difference in exhaled NO levels hetween fhose children

with and without af leasf one positive sftin test
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Exhaled NO also correlated positively with the atopy index (r = 0.32, p<0.0001), atopy score (r =

0.44, p<0.0001, see Figure 5.10), reactivity to HDM (r = 0.64, p<0.0001) (Figure 5.11), sensitivity

to HDM (r = 0.36, p<0.0001), and sensitivityto cat (r = 0.33, p<0.0001). There was no significant

relationship between exhaled NO and reactivity to grass, cat or Alternaria, or sensitivity to grass or

Alternaria allergen.

Figure 5.10. Relationship between exhaled NO and atopy sco/e.
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Figure 5.11. Relationship between exhaled NO and reactivity to HDM reactivity.
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The one child (lD 102) with the extreme exhaled NO value of over 80 ppb is a Pacific lsland boy

whose reactivity to HDM was over 10mm. His exhaled NO was 87.7 ppb and nasal NO was 86

ppb. He had a history of sinusitis but no other respiratory symptoms or family history of respiratory

disease. His individual lung function was FVC 105%, FEV1 103%, and FEF 122o/opredicted. lf his

extreme result is excluded from the analyses, the correlations are still significant (exhaled NO and

atopy score r = 0.43, p<0.0001;exhaled NO and HDM reactivity r = 0.63, p<0.0001) (see Figure

5.12).

Figure 5.12, Relationshrps hetween exhaled NO and atopy score and exhaled NO

and HDM reactivity after the extreme case r'vas removed from the analysis.
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There was no significant correlation between either exhaled or nasal NO and any of the lung

function parameters or ciliary beat frequency.
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Ciliary Beat Frequency

Allthe 139 children had a single nasal brushing performed but analysis showed that only 104 were

adequate for a CBF reading to be made. More specimens were inadequate at the start of the study

and coincident with the use of a contaminated media solution. Using fresh media with antibiotic

added (penicillin and streptomycin) resulted in the disappearance of organisms on light microscopy

of the nasal brushings. The lack of contamination was not verified however by sending a specimen

for microbiological analysis.

The median CBF for the total control group was 12.5 Hz (range 10.4-16.8 Hz), and the variability of

the CBF measurements is shown in Table 5,10. The median coefficient of variation was 7.6% with

a range of 1.5 to 20o/o. There were no statistically significant differences in CBF between ethnic

groups (p=0.07) as illustrated in Table 5.11 and Figure 5.13. There was no conelation between

age of the children and CBF. No statistically significant relationships were found between CBF and

lung function, NO (exhaled or nasal), or atopy. A multiple regression model which allowed for the

correlation between children from the same school and included ethnicity, type of control, passive

smoking, age and sex found little indication that any of these factors had an effect on CBF. The p

value for the difference between ethnic groups found with univariate methods was the same on

multivariate testing (p=0.07). The differences in CBF measurements were very small and within

accepted normal ranges. Although not entirely dismissible the differences are probably clinically

unimportant.

Table 5.10. Variability of the CBF measurements in the total control group.

Range of individual Overall median Median and range
CBF (Hz) CBF (Hz) of C of V (%)

Median
Controls 10.4-16.8 12.5 7.6 (1.5-20)

Fastest
Controls 11-19.1 13.8

Slowest
Controls 8.7-12.8 10.7

Table 5.11. Median CBF values for the total control group according

to ethnic group.

EthniciW Number CBF (Hz)
European 40 12.5 (11.1-14.2)
Pacific lsland 46 12.5 (11.1-16.8)
Maori 14 12.4 (11.5-14.0)
Others 4 11.6 (10.4-12.5)
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Figure 5.13. Median CBF values for the total control group

according to ethnic grouP,
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There was no significant relationship between CBF and NO in the total control group [CBF and

exhaled NO r = 0.14 (p=Q.15); Cgf and nasal NO r = 0.13 (p=9.19) see Figure 5.141.

Figure 5.11. Relationship hetween CBF and NO for the total control group.
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5.4. Discussion

This prospective study has documented exhaled NO and CBF values for a cohort of healthy New

Zealand children. Although sufficient numbers of European and Pacific lsland children were

enrolled to make comparisons between these ethnic groups, the recruitment of Maori children was
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poor. The sampling design and the relatively small numbers confounded conclusions related to

Maori ethnic differences. Although doctor diagnosed asthma and bronchitis along with reported

symptoms of cough were common, ethnic differences were not conclusively demonstrated.

However, there appeared to be more Pacific lsland and Maori children who lived in homes where

there were smokers than European children (p=0.03). Despite more than a third of the children

giving a history of exposure to tobacco smoke, no relationship was found between environmental

tobacco smoke exposure and NO levels or CBF. Although higher exhaled NO levels were initially

suggested in healthy Pacific lsland children, afier correction for sampling design, no ethnic

differences were found for NO values, atopy or CBF. When the exhaled NO values for the New

Zealand children were compared with a group of United Kingdom Caucasian children as a quality

control measure, there was no difference in the NO levels. lmportantly in relation to the thesis

hypotheses, because the CBF measurements and the NO levels were not low, sub-clinical ciliary

abnormalities in the healthy New Zealand population are unlikely. No relationship was found

between CBF and NO levels. However, a positive association was found between exhaled NO and

atopy score, and between exhaled NO and reactivity to HDM, but again no ethnic differences were

demonstrated.

There were a number of issues related to the methodology that weakened the study. Enrolling

volunteers rather than simply inviting a random sample of the population may have increased bias.

Certainly this was the case with the 6 children who were originally included in the controls because

the parents wished to enrol older brothers and sisters of an index child. This would have been

especially true had ethnic differences in CBF or NO been identified, as intermediately low NO

values have been found in so called obligate heterozygotes in families with PCD (Noone et al, Cilia,

Mucus and Mucociliary Interactions Conference report Miami 2002). Despite the exclusion criteria,

other children may have volunteered because of previous respiratory disease and saw the study as

a way of getting a 'free' respiratory check-up, or were interested in being involved because of a

family members' respiratory illness. ldeally individual children should have been randomly selected

from the general population and not from randomly selected schools.

The fact that only 20% of the controls were less than or equal to 11 years of age is a further

weakness, and is not surprising that a relationship between NO and age was not found. The

number of children recruited could have been increased by approaching more primary schools as

there was a greatly reduced number of children on the school rolls in comparison with the

secondary schools. The fact that a parent had to be present (and therefore off work) may have

been a further reason for poor primary school recruitment. The other problem of recruiting

volunteers when specific ethnic groups are to be compared is that all comers and all other

ethnicities become involved. Because recommendations on how questions regarding ethnicity

should be addressed in questionnaires were followed, it was possible for subjects to choose more

than one ethnicity (Thomas, 2001). This eventuality has meant that larger numbers of children

were recruited overall in order to achieve a sufficient sample size for the European and Pacific

lsland children. Also because of the major changes that took place in the New Zealand Census
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question concerning ethnicity between 1981 and 1996, comparisons of data with other studies

especially in the 1980s may not be comparing like ethnic groups (Thomas, 2001).

'All' Maori rather than 'sole' Maori was used in this study, but despite this and the fact that

increased numbers of the general population are now nominating the Maori option, the recruitment

of Maori children was poor. This was in spite of enlisting the help of Maori school teachers,

translations of the study information into Maori, and re-approaching the Kaitiaiki at the hospital for

advice on ways to improve recruitment from the schools. In retrospect specifically approaching

some of the local Kura Kaupapa Maori schools and local Maraes may well have increased the

number of Maori children involved, but this would not have been a randomly selected school, nor a

random selection of the population. Another contributing factor to the few Maori children enrolled

may have been competition from concurrent studies (e.9, Rheumatic fever and screening for

streptococcal sore throats). The problems of over researching specific groups especially if seen by

the participants as being under-privileged and the stigma that this can create must be strongly

considered and avoided (Kara, 2000). This can especially happen if the immediate benefit of the

research to the lives of the subjects involved in the study is not apparent, as is the case in this

work. This highlights the need for major participation of cultural advisors and the importance of

feedback to the population at large.

The fact that New Tealand children are becoming more ethnically diverse than New Zealand adults

(Statistics New Zealand, 2001), with 18% of children identifying with more than one ethnic group,

compared with only 6% of adults, may also have contributed to the overall difficulties in recruiting

sufficient numbers to try and achieve statistical significance. Although the majority of the children

were born in New Zealand, which again is in agreement with current census information (Statistics

New Zealand, 2001), 14Yo of the control group were not. The majority were from the Pacific

lslands, and clear justification could be given for their inclusion, but the other children who

described themselves as being Europeans were from heterogeneous parts of the world (Central

and Western Europe, the Middle East, Australia, South Africa, and the USA). Their exclusion

would have reduced the sample size still further, but the comparison of the NO results with a group

of London Europeans gives confidence that their inclusion did not bias results.

The controls were screened for respiratory disease by using a questionnaire and formal lung

function testing. A lot of the symptoms and disease reported may have been imprecise and ideally

they should have been screened by access to general practitioner records and physical

examination, but this was not possible within the limits of this study. Unlike previous work (Asher et

al., 1987), no consistent racial difference in lung function was found. This may have been due to

the smaller sample size, the sampling design, different definitions of ethnicity, and using different

methodologies. Despite this the normal lung function values are a strength, and could be used as

normal values for future research especially if additional younger recruits are examined,
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In terms of the NO methodology the question of menstrual cycle was not raised with the girls as

this was felt to be too intrusive (Kharitonov et al., 1994; Morris et al., 1996; Jilma et al., 1996;

Baraldi et al., 1999a; Kissoon et al.,2002). Kharitonov evaluated exhaled NO levels in 59 healthy

adults (40 men and 19 women) (Kharitonov et al., 1994). Although he found no overall sex

difference in exhaled NO levels, the mid cycle NO levels were significantly higher (mean difference

in NO was 95 ppb, p<0.001) than during menstruation. Morris reported no sex difference in

exhaled NO generation (Morris et al., 1996), and further evaluated 5 healthy normotensive women

with proven ovulation over a month, and found no temporal relationship between exhaled NO levels

and urinary sex steroid conjugates within the menstrual cycle. Jilma studied 43 adults (22 males

and 21 females) and found that even when exhaled NO concentrations were corrected for body

weight, men exhaled 50% more NO than women (p = 0.024). lmportantly no significant changes in

NO were seen in the women during the menstrual cycle (p > 0.05) (Jilma et al., 1996). This New

Zealand study examined children and teenagers but no sex or age difference in exhaled NO was

found, and the higher nasal NO in girls is unexplained. Kissoon et al. (2002) found exhaled NO

higher in healthy males than females but did not measure nasal NO. Franklin et al. (1999)found a

12o/oincrease in exhaled NO with each year of age up to 13 years, other investigators have found

no consistent effect of age or gender (Baraldi et al., 1999a). Overall in most NO studies authors do

not seem to consider sex differences important.

Nearly 50% of the children had a family history of one or more respiratory disease, particularly

doctor diagnosed asthma. The estimated occurrence of asthma in the family, although adults as

well as children were included, was not radically different from the percentages reported by ISMC
(34% versus 27-32Yo) (Asher et al, 2001). This study was unable to confirm previous New Zealand

work discussed earlier in this thesis, which demonstrated a much higher proportion of respiratory

disease (particularly pneumonia) in Maori and Pacific lsland children (Grant et al., 1998; Grant et

al., 2001). This study showed a significant reporting of respiratory symptoms particularly cough

despite all the children being well at the time of testing. For a number of reasons these results

need to be interpreted with caution. lt has been well documented that parents often use the word

wheeze inappropriately, and that the concept of doctor diagnosed asthma as a measure of

prevalence may be incorrect as there are a variety of acceptable definitions used (Cane et al.,

2000; Elphick et al., 2001). Cane et al (2000) concluded that conceptual understandings of

'wheeze' for parents of children with reported wheeze were different from the epidemiological

definitions, and that there was < 50% agreement between parents' and clinicians' reports of

wheeze and asthma. This has important implications as regards interpretation of the questionnaire

for this study, and especially the diagnosis of previous respiratory disease (in particular asthma and

bronchitis). A further study evaluated how parents report children's' respiratory sounds on clinician

agreed video clips of audible breathing compared to a clinical 'gold standard' (Cane and McKenzie,

2001). At least 30% of all parents use other words for wheeze and 30% labelled other sounds as

'wheeze'. ln a trial such as this when English may not be the first language of the parents and in

some languages the words for describing respiratory sounds can not be exactly translated, the use

of gold standard videos to complete the questionnaire may have altered the results. lt also has
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implications as to the underlying reasons for splitting the controls into the pure and excluded

control group; one either eliminates any child with any abnormal noise because it cannot be

diagnosed ('pure' group); or, keep everyone because one can not be certain what is or has been

diagnosed (total control group). lt should be acknowledged that even the pure group might have

forgotten respiratory symptoms or illnesses, or have regarded some respiratory noises as normal.

In the absence of any other objective test of purity, the statistical analysis reinforced the decision to

make use of the controls in total.

It could be argued that bronchial hyper-responsiveness (BHR) should have been performed as part

of this study to further elucidate the possibility of previously undiagnosed asthma in those children

with cough and wheeze. The tests used to investigate BHR are also time consuming and difficult

to perform accurately in children of early school age. lt would have been difficult but not impossible

to perform challenge tests in a non-paediatric environment. However, the relationship between

airway hyper responsiveness and respiratory symptoms is not strong, with only approximately 50o/o

of subjects with BHR reporting respiratory symptoms. BHR is not specific for asthma because

some normal children are hyper-responsive and some asthmatics fail to respond. A Danish study

showed bronchial challenge testing to be specific but not sensitive for asthma diagnosis (Siersted

et al., 1996). There are a variety of manuscripts that have investigated the interrelationship of

BHR, the diagnosis of asthma, and asthma symptoms versus ethnicity in New Zealand children

and come to similar conclusions about the utility of the test (Crane et al., 1989a, 1989b; Pattemore

et al., 1989, 1990; Pattemore and Holgate, 1993). Cranes'study indicated a distinct heterogeneity

in the pathogenesis of BHR in 494 Polynesian children (5 to 15 years) (Crane et al., 1989a).

Twenty-five percent and 32o/o demonstrated BHR and atopy respectively. BHR associated with

atopy showed a constant age-related relationship in the 7 to 15 year old children that was

influenced by a family history of asthma (family history 50%; no family history 34%, p=Q.951). BHR

not associated with atopy demonstrated a decreasing frequency with age (25o/o in 5 to 7 year-old

children to 3% in 13 to 15 year old children) and was uninfluenced by a family history of asthma.

Skin prick allergy tests were included in the study protocol to control for the variation in NO that

atopy may produce, and not as a guide to a tendency towards asthma or BHR. Other tests

considered for inclusion in the research protocol were blood tests (e.9. lgE, complete blood count,

eosinophils), and analysis of inflammatory markers in induced sputum. These were rejected as

they are more invasive, do not contribute to the study aims, and also time consuming to perform

particularly in a large community based project such as this when children were missing school

hours. None of these tests (including BHR) were directly related to the study aim, which were to

look for ciliary abnormalities and not to identify covert asthma or atopy, although the latter has

relevance to NO measurements.

Several paediatric studies have reported the relationship between NO and atopy (Frank et al.,

1998; Franklin et al., 1999; Baraldi et al., 1999b. As found in this study exhaled NO in healthy

children is associated with skin prick test positivity; i.e. the greater the number of positive skin prick
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test reactions the higher the exhaled NO level (Franklin et al., 1999). In adults the pattern appears

to be similar (Salome et al., 1999). Barreto et al. (2001) studied whether atopy and sensitisation to

9 common allergens influenced NO levels. However, in this work atopic and non-atopic children

without a history of chronic respiratory symptoms had similar NO levels (atopics, n=28, 11.2ppb;

non-atopics, n=96, 10.0ppb; mean ratio 1.1,95% Cl: 0.7-1.6). Conversely, atopic asthmatic

children had significantly higher NO values than non-atopic asthmatic children (atopics, n = 25,

24.8ppb; non-atopics, n = 16, 11.4ppb; mean ratio 2.2,95o/o Cl:1.2- 3.9, p<0.0001). ln children

with rhinitis alone (n = 15) and those with lower respiratory symptoms other than asthma (n = 33),

NO increased slightly, but not significantly, with atopy. As in the work of this chapter NO levels

correlated significantly with HDM wheal size (r = 0.51), but Barreto also found that there was a

correfation with wheal size for cat, mixed grass, and Parietaria officinalis (r = 0.30-0.29), and with

the sum of all wheals (r - 0.a7) (p<0.0001). Subjects sensitised only for HDM (but not those

subjects sensitised only for grass pollen or other allergens) showed significantly higher NO levels

than non-atopicsubjects (16.4ppb. vs. 10.2ppb, mean ratio 1.6,95% Cl: 1.1-2.3, p=0.002). Wilson

has also found that NO was significantly associated with total serum lgE and with RAST to HDM (r

= 0.37 p=0.02; r = 0.52 p<0.001 respectively) (Wilson et al., 2001).

Previous New Zealand research examined Pacific lsland adults and demonstrated a strong

relationship between NO levels and the severity of atopy (Moody et al., 2000). HDM reactivity was

seen in 56% of the 64 subjects. This was not only higher than the total control population in this

work but no ethnic differences were found in New Zealand children. Moody reported exhaled NO

levels (median 8.9ppb, range 2.9-47ppb) and nasal NO levels (527.5 t 1B2ppb) lay above the

normal European range in 30% and 25% of subjects, respectively. HDM reactivity was associated

with higher exhaled NO levels (p<0.01) and higher nasal NO levels (p=g.gl ). In the HDM-sensitive

subjects the wheal size correlated with exhaled NO levels (r = 0.35, p=0.04) and nasal NO levels (r

= 0.40, p=0.01). On multivariate analysis, exhaled NO levels were independently and positively

related to the severity of HDM reactivity (p=0.01) and nasal NO levels (p.O.OZ, r2 = 0,271. She

speculated that the elevated NO levels in a significant proportion of asymptomatic Pacific lslanders

which were associated with HDM sensitivity may denote sub-clinical airway inflammation in this

population, and suggests that exposure to HDM in atopic individuals might play an important role in

the early pathogenesis of asthma. The data from children studied in this thesis showed no

relationship between nasal NO levels and HDM, an association was only found with exhaled NO.

This may be due to a variety of factors including using the Quintest device rather than standard

lancets and different allergen preparations as a recent study has highlighted (Rhodius et al., 2002).

Rhodius found that skin prick tests using different allergens or different methods of application will

not provide comparable assessments of atopy. Either way the original aim of using NO in this

thesis was not as a measure of inflammation or an indication of atopy, but to investigate whether

NO may be used to identify sub-clinical ciliary disease in apparently healthy children.

The NO values and ranges established in this study for the total control population of New Zealand

children [exhaled NO 5.6ppb (range 2.3-88ppb) and nasal NO 403ppb (range 34-1120ppb)],
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compared favourably with the normal healthy children involved in the studies included in Table 5.1

(page 98) that used similar methodologies. The exhaled NO levels, although not as sensitive or

specific as nasal NO levels to indicate a primary abnormality of cilia (Narang et al., 2002), were

comparable to European exhaled NO levels. The exhaled and nasal NO levels were not low which

might have suggested sub-clinical genetic ciliary disease. Had they been low however, it might

have been due to ethnically determined NOS polymorphisms as have been linked to other

respiratory diseases (Grasemann et al., 2000; Sullivan et al., 2001). The question of another

vulnerability factor either of innate immunity or airway defences as yet not identified is still a

possibility. lf NO is a modulator of CBF one might expect a relationship between CBF in vivo and

exhaled NO but this was not found. However, using low power or even high power microscopy

may not be as important as examining coordination of ciliary beat on video analysis and the

methodology would have been improved by using this technique. Normal beating cilia may not be

working effectively and subtle ciliary abnormalities may have been missed.

Since this research was undertaken new European Respiratory Society/American Thoracic Society

guidelines (Baraldi and de Jongste, 2002) for standardising the exhalation rate to a lower rate (50

mls/second) have been developed. However, these specific guidelines apply more strictly to

exhaled NO and clear guidelines on the measurement of nasal NO in children are yet to be

established. The reasons behind the change is that some investigators reported difficulties, Baraldi

et al (2000) found that 50% of children aged 4-B years could not perform the technique, and Jobsis

et al (1999) reported that 30% of children aged 4-16 years could not perform the manoeuvre.

These high failure rates were not found in this study but as stated only a small percentage of the

children were less than 11 years of age. Also I feel that utilising experienced paediatric respiratory

technicians contributed to greater success in the younger children.

The other advantage of using a lower flow rate is to make it easier for the child to achieve a

satisfactory plateau. The signal to noise ratio is increased and this may reveal greater differences

between groups, for example healthy subjects, those who develop asthma, during exacerbations,

those children who passively smoked, and perhaps even differences between ethnicities.

Differences in population groups may also be demonstrated particularly when atopy or a high level

of respiratory disease is present. Unfortunately because of these changes in the guidelines for NO

measurement, future normal values will need to be re-established not only in New Zealand but

worldwide before comparisons of NO results can be made.

The relationship between NO levels and passive smoke inhalation has been directly examined in

normal adults in a single-blinded, placebo-controlled cross-over study (Yates et al., 2001). NO was

found to fall by 23.60/o (134ppb t 29ppb to 102 x 22 ppb) in 15 adult controls, and remained low for

t hour. The effect of passive smoke exposure and its relation to NO levels in children have been

indirectly looked at in a few studies. No relationship was demonstrated in this study although like

other literature (Byrnes et al., 1997b; Franklin et al., 1999; Barreto et al., 2001) our numbers are

small, and a questionnaire rather than a biochemical marker such as urinary or salivary cotinine
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levels was not measured. Le Souef et al. (1992) found that after the age of 2 years there was only

weak or no associations between reported parental smoking and children's urinary cotinine,

suggesting that it would be a poor indicator of environmental exposure in children older than 2

years. Despite this, ideally cotinine should have been measured in this study if only because its

presence would have indicated definite environmental tobacco smoke exposure. However, the

Starship Children's Hospital Laboratory at the time the study was undertaken was not able to do

cotinine testing routinely.

Despite this weakness the numbers of New Zealand children exposed to passive smoke at home in

this study is important with regard to the association with respiratory health. Only 19% of the

European controls were potentially exposed to tobacco smoke at home versus 49o/o of the Pacific

lsland controls and 63% of the Maori controls (p=0.03). This distribution across ethnicities

contrasts with published data on adult New Zealand smokers (Laugesen, 1999). A recent New

Zealand study found that Maori adults and children are almost twice as likely to be exposed to

second-hand smoke than non-Maori adults and children (Thomson et al., 2000). Crude smoking

rates for the main ethnic groups in Auckland for the 1996 census were Maori 44o/o, Pacific lsland

29o/o, European 20o/o, Asian 11o/o, and other 19%. Further work is still needed to increase the

general awareness of the adverse effect of cigarette smoke on children's health. As a result I

produced information leaflets for parents in New Zealand on the effects of passive smoke on

children's health. These were translated into Samoan, Tongan, Cook lsland and Maori (see

Appendix J), and were so popular that they were adapted and revised in a joint project with

Smokefree London for use in NHS hospitals in England.

The CBF was not significantly different between ethnic groups and comparable with international

frequencies using similar methodologies. The number of CBF results for normal controls is large in

comparison with other paediatric studies (Jorissen et al., 1997), and this issue will be returned to in

chapter 7 with discussion of the ciliary structural results. The coordination of the beat was only

evaluated in real time at 40x or 100x magnification. lt could be argued that using video analysis

played back at slower speeds may have allowed the identification of more subtle dyskinesia. This

instrumentation was not available to us, and has not as yet been shown to be superior to

conventional techniques. Despite the high rate of bacterial and viral respiratory disease in New

Zealand, which could be the underlying reason for secondary ciliary dyskinesia and ultimate ainvay

damage, this study has not shown that the healthy Maori and Pacific lsland children have more

abnormally beating cilia than healthy European children, as there was no difference in the CBF

between ethnicities. lt must be stressed however that this study was only sufficiently powered to

make judgements about European and Pacific lsland children, as the number of Maori children

recruited was small.

In summary, this prospective study has measured exhaled NO and CBF, and documented values

for healthy New Zealand European, Pacific lsland and, less successfully, Maori children. A
disproportionate amount of respiratory disease was not confirmed in the Pacific lsland or Maori
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children. Although more than a third of the total control group were exposed to passive tobacco

smoke at home, no relationship was found between NO levels or CBF. This is not an argument

against the need for ongoing work to protect New Zealand children from the effects of

environmental tobacco smoke. A positive association was found between exhaled NO and atopy

score, and between exhaled NO and reactivity to HDM, but no ethnic differences were

demonstrated. lmportantly the CBF and NO values were comparable with frequencies reported

internationally using similar methodologies, and were not low suggesting sub-clinical genetic ciliary

disease. Had they been low, it might have theoretically been due to ethnically determined NOS

polymorphisms. lf NO is a modulator of CBF one might expect a relationship with CBF in vivo and

exhaled NO but this was not found. The question of another vulnerability factor either of innate

immunity or airway defences as yet not identified is still a possibility.

Thus the work of this thesis has now achieved the second objective, namely obtaining and

comparing the values for CBF, NO, prevalence of skin prick tests and lung function in normal

healthy New Zealand children of different ethnicities. However, only comparisons between

European and Pacific lsland children can realistically be made due to the poor recruitment of Maori

children. The values obtained for CBF and NO suggest that the hypothesis of sub-clinical genetic

ciliary disease existing in healthy Auckland New Zealand children to account for their vulnerability

to respiratory disease seems unlikely. ln the next chapter, I will use the established methodology,

NO and CBF values to study a group of children with bronchiectasis in Auckland in whom PCD has

not been excluded. PCD may still be an underlying cause of some of the bronchiectasis in New

Zealand that previously was labelled as idiopathic.
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CHAPTER 6

Prospective studv 2: Nitric oxide. atopv and ciliarv beat frequencv in New Zealand

children with bronchiectasis

6.1. lntroduction

This second prospective study was to use the NO and CBF values established for healthy New

Tealand children in chapter 5, to compare the results with those of a cohort of children with

bronchiectasis in Auckland in whom PCD had not been excluded. Although it seemed unlikely that

sub-clinical genetic ciliary disease exists in healthy Auckland New Zealand children, PCD may still

be an underlying cause of some of the bronchiectasis in New Zealand that previously was labelled

as idiopathic.

Although no relationship was found between CBF in vivo and exhaled NO in healthy children, a

relationship may exist in the disease state, and importantly low levels of NO (particularly nasal NO

< 250ppb) have been shown to be sensitive and specific for the diagnosis of PCD (Narang et al.,

2002; Wodehouse et al., 2003; Horvath et al., 2003). However, the use of NO as a screening tool

has only been established in retrospective studies, and these only report NO levels at one point in

time, and do not test its usefulness in subjects not previously screened for PCD. A degree of

overlap in low NO values has been noted between CF, panbronchiolitis, and chronic sinusitis

(Lindberg et al., 1997; Narang etal.,2OO2; Wodehouse et al., 2003). Lindberg found that the 2

subjects with the lowest NO concentration in his study manifested functional and morphological

changes of cilia that were typical of acquired or secondary defects and not genetic. Although nasal

NO is a simple non-invasive tool to screen for PCD, it is not 100% sensitive or specific, and

distinguishing between ultrastructural abnormalities in primary and secondary dyskinesia is difficult

at times. For all these reasons diagnosing PCD in practice is very complex, and repeat ciliary

specimens are frequently required. lf a secondary ciliary abnormality is demonstrated, a repeat

specimen, preferably from another part of the respiratory tract, (e.9. the lower airway at

bronchoscopy) may need to be obtained several months later following intensive and prolonged

treatment. Even after this diagnostic doubt may remain. Under these circumstances the child

should be treated as if they had PCD, as failure to do so may lead to permanent lung damage

(Ellerman and Bisgaard, 1997).

lf NO in bronchiectasis is found to be comparable with the controls, the next question is whether a

relationship exists between NO levels and disease severity. When this thesis was planned

conflicting reports were evident in the literature (Kharitonov et al., 1995; Ho et al., 1998a; Narang et

al., 2002; Tsang et al., 2002). lf such a relationship exists, higher NO levels may occur in children

with more severe disease, and there may be lower NO levels in those on anti-inflammatory
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treatment (e.9. inhaled or oral steroids). Finally, as performed for the controls in chapter 5, a

comparison of the exhaled NO results for the children with bronchiectasis will be made with a group

of children with bronchiectasis from London-

To summarise, the main aims of this chapter are to firstly compare the results of CBF, NO,

prevalence of positive skin prick tests and lung function for the total control group with a group of

children with bronchiectasis, and secondly to examine the relationship between NO levels and CBF

in vivo in children with bronchiectasis. The objective is to identify those children who either

because of low CBF or low NO levels need further investigation to exclude PCD through analysis of

ciliary structure. This will form the basis of the third and final prospective study to be discussed

chapter 7.

6.2. Methods

Recruitment

At the time this study was undertaken there were 60 children on the Starship Children's Hospital

bronchiectasis database. The aetiology of the bronchiectasis in 31 of these children was unknown

while the remaining children had bronchiectasis attributed to a variety of causes (e.9. previous

infection, primary immunodeficiency, aspiration - see Table 2.5 page 46). Although one of the

ultimate thesis aims was to investigate and diagnose PCD in those children with apparently

idiopathic bronchiectasis, the remaining children were also considered for recruitment. The reason

for this was two-fold. Firstly to verify that those children whose disease was attributed to previous

significant respiratory infections or aspiration did not have underlying primary ciliary abnormalities

(lung disease caused by PCD itself could be associated with significant reflux and aspiration or a

significant respiratory infection could occur in the presence of underlying PCD and resulted in

bronchiectasis). Secondly those children with clearly defined immune deficiencies were considered

for recruitment to evaluate the effectiveness of the assessment of CBF in making a distinction

between primary and secondary cilia disease in the New Zealand children with bronchiectasis.

Children between the ages of 5 and 17 years were eligible to enrol. This meant that because of

either age or developmental abnormalities resulting in difficulties completing all the tests, there

were potentially only 38 of the 60 children from the database who could be enrolled. lt is

acknowledged however that all 60 children could have had a nasal brushing performed, particularly

as the ultimate aim of this work was to diagnose PCD and assess its prevalence within the

Auckland population. All children were recruited at a time of disease stability, and had not had an

exacerbation for at least 1 month. The children were enrolled by approaching the families while

they were attending the Starship Children's Hospital outpatient clinic. The support of the Kaitiaki or

the Pacific lsland Family Support Service was used as appropriate (see chapter 5, Cultural

collaboration, page 102). Minor alterations were made to the information leaflets used with the
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control population, and interpreters were used to complete the consent and questionnaires

(Appendix G and Appendix K) as for the control children.

lnclusion and exclusion criteria

Inclusion criteria:

. No history of an upper airway infection within the last month

. No history of an exacerbation of their bronchiectasis within the last month

. Completion of spirometry according to the ATS reproducibility criteria (American Thoracic

Society, 1995).

Exclusion criteria:

o Current upper respiratory tract infection (inclusion reconsidered a month after recovery)

. Acute exacerbation of their bronchiectasis within the last month (inclusion would be reviewed

after one month of oral antibiotics)

o Inability to perform lung function reproducibility according to the ATS criteria (American Thoracic

Society, 1995).

Sfafisfical analysis

f n comparison with healthy children when only 2o/o would be expected to have an abnormal CBF,

up to 20% of children with bronchiectasis will be expected to have a slow CBF either due to primary

or secondary ciliary abnormality (Veale et al., 1993). In addition between 6-18% of children with

recurrent respiratory disease may have PCD (Barlocco et al., 1991 ; Buchdahl et al., 19BB; Chapelin

et al., 1997). Based on these studies, 30 children with bronchiectasis were to be enrolled. The

results from each of the tests (CBF, exhaled and nasal NO, lung function, and skin tests) were

entered into the same database as the controls.

The statistical methods used were similar to the control children, except corrections for cluster

sampling were only made for the main study tests. The reason for this is that not only did the

children with bronchiectasis all go to different schools, but also none were attending any of the

schools the control children were recruited from at the time the study was performed. As the cases

came from individual schools the clusters are clusters of one. and more elaborate statistical

methods are required than simply using school as a fixed factor. Thus the results for the main

study tests were re-run by the statistician (Elizabeth Robinson) using more appropriate software

(SUDAAN). Either way the design effect was moderate in the previous study (<2). I was aware

that analysing the data without adjusting for clustered data would inflate the standard errors, and as

a result the significance of p values was interpreted conservatively.
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Sfudy fests

The children with bronchiectasis performed exactly the same study tests (skin prick tests, exhaled

and nasal NO, spirometry and nasal brushing for ciliary analysis) using the same protocols as the

control children (see chapter 5, Methods, Study tests pages 100-108). For spirometry the

children were asked to withhold long acting bronchodilator for 12 hours and short acting

bronchodilator for 4 hours. if oossible.

lmportantly I made sure that I was able to identify abnormal CBF samples through performing nasal

brushings in 2 children who were followed up through the Starship respiratory clinic with known

PCD (both with dynein arm defects) who were not included in this study as they did not have

bronchiectasis. Both these children had virtually immotile cilia and those cilia seen moving were

ineffective and dyskinetic. Attempts were also made to examine the known adult patients with PCD

in Auckland. Four patients were known, one refused, one was lost to follow-up, and two agreed to

undertake the procedure, but due to the high frequency of relapse of their symptoms I was never

able to see them when they had been disease free for more than two weeks, and so no brushings

were undertaken. During my time working at the largest paediatric ciliary dyskinetic clinic in

England (The Royal Brompton Hospital, London), I performed many nasal brushings for functional

and structural analysis of cilia, and screened many of the children with nasal exhaled nitric oxide

measurements. This was invaluable experience to see abnormal beat frequencies for myself and

follow these through to ultrastructural diagnosis.

6.3. Results

Outcome of recruitment

Thirty children (14 females, 47o/o) were recruited and all had spirometry, a nasal brushing, and

exhaled NO measurements, except two patients who refused to have the skin tests performed, and

one other (age 4.7 years) refused nasal NO measurements but successfully performed the exhaled

manoeuvre. CBF was obtained in 26 (87o/o) of the nasal brushings. In the remaining 4 children,

despite repeated nasal brushings, no ciliated epithelium was seen. In 16 cases (53%) the cause of

the bronchiectasis was unknown despite extensive investigation,7 (23Yo versus 23% in the original

cohort) had bronchiectasis due to previous severe pneumonia, 4 (13% versus 12o/o in the original

cohort) had immune deficiencies, and 3 had other causes. Figure 6.1 illustrates the outcome of

the recruitment and the number subjects who completed the study tests.
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Figure 6.1. Bronchiecfasis recruitment and number of children

who completed the sfudy fests.

30 recruited
8 European

10 Maori
11 Pacific lsland

1 Other

26 adequate CBF
4 no cilia seen

Resulfs of questionnaire

Birth place

Aff 8 children (27% of this cohort versus 13o/o in the original bronchiectasis cohort) who were not

born in New Zealand were recruited. Four children were born in the South Pacific (one from the

Cook lslands (lived there from birth to 13 years when bronchiectasis was diagnosed), one from

Rakahanga (lived there from birth to 5 years), and two from Samoa (lived there from birth to 4 and

6 years). One Cantonese child lived in Hong Kong until 11 years of age, and a European child

lived in South Africa until 7 years of age. Both these children were diagnosed with bronchiectasis

in their country of birth. The two remaining European children were born in Australia and were not

of Aboriginal extraction, and moved to New Zealand at a few months of age.

Family history of smoking

Seventeen children (57% compared with 58% of the original bronchiectasis cohort) lived in homes

where there was at least one smoker. Six of the children had more than one smoker in the home,

and one Maori child lived with 5 adults who smoked at home. Fathers smoked in 8 cases, mothers

in 7, grandparents and siblings 1 in each, and other relatives/lodgers at home in 11. Seven of the

seventeen (24%) were Maori, 6 (20%) were Pacific lsland, 3 (10%) were European, and 'l (3yo)

was Cantonese (Other ethnicity). There was no statistical difference between the ethnic groups for

family history of smoking (p=0.5). None of these children admitted to actively smoking. Only B of

the adult smokers stated how much they smoked; 5/8 smoked between 15-25 per day, and the
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remainder <15 per day. None admitted to smoking more than 25 per day. Three admitted to

smoking inside the home, 7 stated they smoked only outside the home, and 7 smoked both inside

and outside.

Family history of respiratory disease

Twelve (40%) had a family history of at least one of the respiratory diseases listed in the

questionnaire; 4112 reported more than one disease. The commonest disease stated was asthma

in 11 (37o/o) of families, and 3 families had multiple family members affected. Five of the children

who had a family history of asthma were Maori, 4 European, and 2 Pacific lsland. Two children

with bronchiectasis had other family members with bronchiectasis; one was a grandparent (Maori),

and the other an uncle (Samoan). Two Maori children had a father and a sibling respectively with a

history of bronchitis. There was no history of CF in any of the families and only one case reported

emphysema in a grandparent. Two stated other respiratory diseases, pulmonary TB in a Pacific

lsland family, and a Maori family reported a sibling of the index case with pneumonia.

Personal respiratory history

The median age of HRCT chest scan diagnosis for the group was 9.9 years (range 3-16 years).

Although difficult to verify, the approximate median age of onset of respiratory symptoms

associated with bronchiectasis was 2.8 years (range 0.1-4 years). The approximate duration of

disease for the group was median 6.5 years (range 0.6-14.6 years) versus a median of 3.6 years

(range 3.6 months-14.8 years) for the original bronchiectasis cohort.

Twenty{hree out of the 30 (78%) were chronically infected with Haemophilus influenzae (non-

typeable) and one of these children had also grown Aspergillus fumigatus on two occasions. Six of

the children had no growth on sputum culture, and one child had an intermittent growth of

Moraxella catarrhalis. Nine (30%) were not on any regular medication, 13 (43%) were prescribed

oraf antibiotics, 12 (40%) regular bronchodilators, and 5 (17o/o) were also prescribed long acting

bronchodilators. Twelve (40o/o) were prescribed inhaled corticosteroids, and two children were also

taking oral steroids, one for allergic broncho-pulmonary aspergillosis (ABPA), and the other for

maintenance of brittle asthma. The median dose (equivalent to Beclomethasone) of inhaled

corticosteroids was 800mcg and ranged from 400-1000mc9 (2 cases 400mcg, 5 cases 800mc9,5

cases 1000mcg). One child was taking Verapamil (Marfans with secondary significant mitral and

aortic incompetence), and one child with severe combined immune deficiency was on monthly

intravenous immunoglobulin treatment. Thirteen (43o/o, had asthma coincident with their

bronchiectasis (defined as in chapter 2, page 35). Nine (30%) reported sinus problems, and 9

(30%) reported recurrent ear infections. Only 4 patients had grommets and 2 reported aural

discharge, one of these also had sinus problems. Seventeen percent (5/30) reported hayfever, and

one child had a history of eczema but no hayfever.

There was only one child with a heart condition (see above related to Marfans syndrome), and no

child had dextrocardia or situs inversus. Reviewing the other respiratory questions also completed
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by the controls, no child had an URTI for at least a month and their bronchiectasis was clinically

stable. All 30 reported symptoms of a productive cough, and27l30 (90%) stated theycoughed on

most days for 3 months of the year. Twenty-five (83%) reported a history of wheeze, 6 just with

colds and 19 at other times that included with exercise. Three of these 25 experienced symptoms

on most days or nights. A third (10/30) reported respiratory problems in the first 3 months of life

which would be suggestive of PCD, and 26/30 (87%) had previously been admitted to hospital with

pneumonia or a chest infection. Twenty (670/0) stated they had a history of one or more of the

respiratory illnesses listed. Besides asthma, which has already been discussed, 9/30 had a history

of bronchiolitis, 7/30 bronchitis, 3 reported having whooping cough, and one had had croup.

Comparison of the recruited cohort with the Auckland cohort of children with bronchiectasis

Table 6.1 summarises the demographic features of the recruited children in comparison with the

original Auckland cohort with bronchiectasis. There was no statistical difference between the two

groups, but it is noted that almost a third of the current cohort were born outside of New Zealand.

Table 6.1. Demographic features of the recruited children with bronchiecfasls

in comparison with the original Auckland cohort with bronchiecfasis.

There was no statistical difference between the two groups.

Demographics Original bronchiectasis
cohort

Gurrent bronchiectasis
cohort

Number (females)
Median age years (range)
Ethnicity

European
Pacific lsland
Maori
Other

Aetiology unknown
Number born outside NZ
Median age of symptom onset (yrs)
Median age of HRCT diagnosis (yrs)
Median duration of disease (yrs)
FEV|%
FH smoking

60 (24 females, 40%)
10.2 (1.e17.3)

8 (13%)
32(53%)
16 (25o/,)

4 (7o/o)

31 (52Vo)

B (13%)
1.0 (0.0-14.0)
8.2 (0.9-16.0)
3.2 (0.3-15.6)
69 (36-1 10)

35 (58%)

30 (14 females, a7%)
10.8 (4.7-17.3)

B (27Vo)

11(37%l
10 (33%)

1 (3o/o)

16 (5370)

8(27%)
2.8 (0.0-4.0)

e.e (3.0-16.0)
6.8 (0.6-15.6)

5e (30-e7)
17 (57Vol

Resulfs of questionnaire in comparison with the control group-

Table 6.2 summarises the demographics for the controls and the children with bronchiectasis.

There was a statistical difference in age with the children with bronchiectasis being younger

[median 10.8 years bronchiectasis versus total controls 14.3 years, p<0.0001 (p value = 0.04 when

corrected for clustering)1, but the sex difference did not reach significance (47o/o female

bronchiectasis versus 58% female controls, p=0.3).
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The difference in ethnic breakdown between the controls and the disease group also did not reach

significance (p=0.3). There was a trend to a greater number of the total controls being born

overseas than the children with bronchiectasis but the difference did not reach significance

(p=0.07). However, there was a trend to a higher percentage of potential tobacco smoke exposure

in the families of the children with bronchiectasis in comparison with controls (bronchiectasis 17

(57o/o\ versus 51 (37%) total controls, p=0.05). There was no difference in the overall occurrence

of respiratory disease in the families of the children with bronchiectasis and controls (p=0.5), nor

was there a difference in occurrence of asthma (11 (37%) bronchiectasis versus 47 (34%) total

controls, p=0.8), but there was a trend to a higher occurrence of bronchitis in the controls (2 (7ohl

bronchiectasis versus 34 (24%) total controls, p=0.05).

Tahle 6.2. Demographic features of the children with bronchiectasis

and the total control group.

Demographics Total controls Bronchiectasis

Number (females)
Age years (range)
Ethnicity

European
Pacific lsland
Maori
Other

No. born in NZ
FH smoking
FH respiratory diesase

FH asthma
FH bronchitis

139 (80) 30 (14)
14.3 (5.1-17.5) 10.8 (4-7-17.3)

58 (42o/o) 8 (27o/o)

61 (44yo) 11 (37Yol
16 (11%) 10 (33%)
4 (3%) 1 (3%)

117 (84%) 21(7o%)
51 (37Yo) 17 (57o/o)

66 (47o/o) 12 (40%)
47 (34%) 11(37Vo)
34 (24o/o) 2 (7%)

Personal respiratory history as regards symptoms of cough (question 2) and wheeze (question 3)

differed greatly between the children with bronchiectasis and the controls [question 2, 30130

(100%) bronchiectasis versus 15/139 (11%l total controls; question 3,25130 (83%) bronchiectasis

versus 33/139 (24o/o') total controls, both p<0.00011, Admissions with pneumonia or chest

infections (26130 (87%) bronchiectasis versus 10/139 (7%) total control group, p<0.0001), and

respiratory illness in the first 3 months of life [10/30 (33%) bronchiectasis versus 8/139 (6%) total

controls, p=0.00011 also differed significantly. The overall occurrence of respiratory illness suffered

in the past was higher in the children with bronchiectasis than controls [20/30 (670/0) bronchiectasis

versus 36/139 (26%) total controls, p=g.gggrl. Bronchiolitis figured in the past history of 9/30

(30%) of the children with bronchiectasis and 3/139 (2o/o) of the control children (p=0.04). There

was a trend to more of the control children having a history of croup than the children with

bronchiectasis [8/139 (6%) total controls versus 1/30 (3%) bronchiectasis, p=9.951. There was no

significant difference in the history of whooping cough [3/39 (10%) bronchiectasis versus 6/139

(4%) total controls, p=0.41, bronchitis [7139 (23o/o) bronchiectasis versus 8/139 (6%) total controls,

p=0.91 or asthma [13/39 (43Vo) bronchiectasis versus 19/139 (14%) total controls, p=0.3] between
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the two groups. There was no significant difference in reports of heart problems between the two

groups [1/30 (3%) bronchiectasis versus 51139 (4o/o) total controls, p=0.9].

Three (10%) of the children with bronchiectasis versus 8 (6%) of the total controls reported both

sinus and recurrent ear infections. The occurrence of sinus problems [9 (30%) bronchiectasis

versus 21 (15o/o) total controls, p=0.3lor recurrent ear infections [bronchiectasis 9 (30%)versus 33

(24%) total controls, p=9.41 were no more common in the children with bronchiectasis than

controls. Despite this more of the controls had undergone grommet insertion [bronchiectasis 4

(13olo) versus 21 (15o/ol, p=0.01l. lmportantly in relation to PCD, there was no difference between

controls or the children with bronchiectasis in problems with discharging ears post grommets

(5/139 controls versus 2/30 bronchiectasis, p=0.3). The children with bronchiectasis had more

symptoms of hayfever than controls [5 (17%) bronchiectasis versus 16 (12o/o) total controls,

p=0.0021. On the other hand, the controls had significantly more eczema [1 (3% bronchiectasis

versus 20 (14%) totalcontrols, p=0.00011.

Sfudy test results

Table 6.3 summaries the study test results for the children with bronchiectasis in comparison with

the total control group.

Table 6.3. Study fesf resulfs for the children with bronchiectasis and the

total control group. P values are after correction for clustering.

Study tests Total controls Bronchiectasis P values

Atopy Reacted to >'l allergen 64 (46%)
HDM 57 (41%\
Grass 19 (14%)
Cat 7 (s%)
Alternaria 5 (3%)

e (30%)
e (30%)
7 (23%l
3 (10%)
2 (7o/o)

0.1

0.3
0.2
0.3
0.5

FVC (% predicted)

FEV1 (% predicted)

FEF 2v7 5 (o/o predicted)

NO (ppb) Exhaled
Nasal

GBF Number
Hz

101 (70-128) 79 (56-110) <0.0001

94 (59-127) 61 (30-97) <0.0001

93 (40-207) 3e (11-107) <0.0001

5.6 (2.3-87.7 ) s,9 (1.9-20.3) 0.4
403 (34-1120) 21',t (1-841) 0.03

104 26
12.5 (10.4-16.8) 11.s (1 1.7) 0.07

Atopy

Twenty-one (70yol of the children with bronchiectasis did not react to any of the allergens but did

react to the positive control in comparison with 751139 (54o/o) of controls (p=0.1). Nine of the 30
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children with bronchiectasis (30%) did react, in comparison with 641139 (46%) of the total controls

(p=0.1). Of the 9 children with bronchiectasis who responded to any of the allergens, 2 children

reacted to 2 allergens, 4 reacted to two, 1 to three, and 2 to all four. Nine (30%) reacted to HDM

(median diameter 13.Bmm, range 2-25.5), 7 (23o/o) reacted to grass (median diameter 4.3mm,

range 1-7.5), 3 (10%) reacted to cat (median diameter 2.5mm, range 1-4), and2 (7o/o)lo Alternaria

(median diameter 2mm, range 1-3). There was no statistical difference in the atopy index (both

groups median atopy index was 0 (range 0-4), p=9.7; or the individual sensitivity to the different

allergens between the children with bronchiectasis and the total control group [HDM p=0.3, grass

p=0.2, cat p=0.3, Alternaria p=0.5 (see Table 6.3 for values)1. The controls had a significantly

larger reaction to grass allergen than the children with bronchiectasis (controls 8mm (range 4-12)

versus bronchiectasis 4.3mm (range 1-7.5), p=0.01). Despite the controls having larger responses

to each of the other allergens there was no statistical difference in size of the allergic reactions

between the 2 groups [HDM - bronchiectasis median diameter 13.8mm (range 2-25.5) versus

controls 16mm (4-28), P=0.3; cat - bronchiectasis median diameter 2.5mm (range 14) versus

controls 8mm (range 4-12), p=9.6; Alternaria - bronchiectasis median diameter 2mm (range 1-3)

versus controls 3.5mm (range 3-4), p=6.31. However, overall the children with bronchiectasis had a

larger median atopy score, but this did not reach significance in comparison with controls

(bronchiectasis median atopy score 10mm (range 2.5-22) versus controls 7.5mm (range 0-25),

p=0.3). Thus there were no consistent differences in skin prick test result for any of the 4 allergens,

atopy score or atopy index between the children with bronchiectasis and controls.

Spirometry

All 30 children with bronchiectasis performed lung function and the median values for the group

were FVC 79% (range 56-110%), FEV1 61% (range 30-97%), and FEF25-75 39% (range 11-107%).

Fifty percent of the children with bronchiectasis had an FEV1 <60%. Table 6.4 summarises the

pulmonary function values for the controls and the bronchiectasis cohort according to ethnicity.

Table 6 4. The pulmonary function tests for the children with bronchiectasis

and the total control group, according to ethnic group.

Pulmonary function Total controls (n=139) Bronchiectasis (n=30)
FVC (% predicted)

European
Pacific lsland

Maori
FEV1 (% predicted)

European
Pacific lsland

Maori
FEF25-7s (% predicted)

European
Pacific lsland

Maori

101 (70-128)
1O1 (70-128)
103 (70-128)
1O1 (75-'127)
e4 (5e-127)
92 (62-1 18)
e6 (5e-127)
e3 (66-121 )

e3 (40-207)
e0 (46-134)
1O7 (40-207)
86 (53-143)

79 (s6-110)
83 (61-1 10)
82 (69-107)
6e (s6-87)
61 (30-s7)
6s (30-e6)
74 {41-97)
52 (40-77)

3e (11-107)
33 (1 1-68)
60 (13-107)
30 (14-81)
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Overall, the children with bronchiectasis had significantly lower FVC, FEVI, FEF25.75 (p<0.0001)

than the total controls. The p value was identical after correction was made for clustering. Within

the bronchiectasis group the Maori children had significantly worse FVC than European and Pacific

lsland children (European FVC 83% (range 61-110%) and Pacific lsland 82olo (range 69-107o/o)

versus Maori 69% (range 56-87"/"), p=0.03). The other percent predicted differences in lung

function parameters did not reach significance. There was also no difference in the prevalence

between the different ethnicities in the children who had an FEVr less than 60% predicted. There

were no correlations with any of the lung function parameters and exhaled or nasal NO. There was

a weak relationship with the family history of respiratory disease and FVC (r = - 0.42), but not FEVr

or FEF25-75, and the association between FVC and a family history of asthma was the strongest (r =

- 0.52). There was also no correlation between the pulmonary function tests (FVC, FEVr, or FEF2I

zs), of the total or individual parameters of the CT score. There was no significant relationship

between pulmonary function, chronic sputum infection or family history of smoking.

NO in bronchiectasis children

The median exhaled NO level for the children with bronchiectasis was 5.9 ppb (range 1.9-20.3

ppb), and the median nasal NO was 211 ppb (range 1-841 ppb). lmportantly no child with

bronchiectasis was taking any nasal medication particularly nasal steroids at the time of this study.

There was no statistical difference in exhaled or nasal NO values between the European, Pacific

lsland or Maori children with bronchiectasis (see Table 6.5).

Table 6.5. Exhaled and nasal NO values for the children with bronchiectasis

and the total control group, according to ethnicity.

NO levels
(oob)

Total controls
(n=139)

Bronchiectasis
(n=30)

Exhaled
European
Pacific lsland
Maori
Other

Nasal
European
Pacific lsland
Maori
Other

s.6 (2.3-87.7)
5.1 (2.4-38.4)
6.3 (2.3-87.7)
5.5 (3.1-22.4)
6.4 (4.3-9.0)

403 (34-1 120)
411 (111-685)
398 (34-1 120)
365 (176-7441
42s (3s1-s58)

5.9 (1.s-20.3)
5.4 (2.1-e.1)
6.2 (1 .e-16)
6.3 (2.7-20.3)
8.5 (n=1)

211 (1-841)
224 (1-4s2)
211 (48-841)
258 (17-481)
134 (n=1)

There was a stronger correlation between nasal and exhaled NO in bronchiectasis (r = 0.55,

p=0.002) than in the healthy controls (r = 0.22, p=0.008) (see Figure 6.2).
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Figure 6.2. Relationship between exhaled and nasal NO in the children

with bronchiecfasis.
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ln this prospectively studied population in which PCD has not been excluded, there was no

statistical difference in the exhaled NO values between the total control group and the children with

bronchiectasis (p=9.21. However, there was a significant difference in nasal NO values between

the toial control group and the children with bronchiectasis (p<0.0001). These results are

illustrated in Figure 5.3 and Figure 5.4 respectively. Following control for clustering there is still

evidence ol a difference in nasal NO between the children with bronchiectasis and controls

(p=0.0S). However, the finding of no significant difference in exhaled NO between children with

bronchiectasis and controls persisted (p=0.+). lt is noted that 8 children with bronchiectasis had a

nasal NO level <100ppb.

Figure 6.3. Exhaled NO in New Zealand bronchiectasis (PCD not excluded).
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Figure 6.4. Nasal NO in New Zealand bronchiectasis (PCD not excluded).
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ln the children with bronchiectasis there was no correlation between exhaled or nasal NO and the

severity of disease measured by the total or individual parameters of the CT score. There was also

no significant difference in exhaled or nasal NO in those children who's FEVr was greater or less

than 60%.

Both the exhaled and nasal NO measurements of the children with bronchiectasis demonstrated

significant relationships with atopy index (exhaled NO r = 0.41, p=0.03, and nasal NO r = 0.52,

p=0.004), but not with atopy score (exhaled NO | = O.22, p=0.6, and nasal NO r = 0.34, p=Q.l).

Nasal NO was related to sensitivity to HDM and grass (nasal NO r = 0.54 p=9.993, grass r = 0.46

p=0,01) but not with cat and Alternaria or reaclivity to any of the allergens. Exhaled NO was

related to sensitivity to cal and Alternaria but not with HDM or grass or reactivity to any of the

allergens. This contrasts with the controls that showed no relationships with nasal NO and the

allergens, but exhaled NO correlated with the atopy index (r = 0.32, p<0.0001), atopy score (r =

0.44, p<0.0001), reactivityto HDM (r= 0.64, p<0.0001), sensitivityto HDM (r= 0.36, p<0.0001),

and sensitivity to cat (r = 0.33, p<0.0001). Overall when the relationships of NO and atopic

responses of the two groups were compared, only the reactivity to HDM was significantly higher in

the control population.

In terms of prescriptions of anti-inflammatory treatment, there was no difference in the exhaled NO

values between the control group and the children with bronchiectasis (on or off inhaled steroids)

(p=0.4). Likewise there was no difference in the nasal NO values between the children with

bronchiectasis who were on or off inhaled steroids (p=O.Z), but the significant difference in nasal

NO values between the control children and the children prescribed or not prescribed inhaled

steroids remained (p<0.0001 whether on or off steroids and p=0.03 when corrected for clustering)

(see Table 6.6, Figure 6.5 and Figure 6.6).
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Table 6.6. NO values in the total control group and the children with bronchrbctasis

prescribed inhaled steroids.

NO values Total Bronchiectasis Bronchiectasis
(ppb) control group (Otf steroids) (On steroids)

Exhaled
Nasal

s.6 (2.3-87.7) 5.2 (1.e-16) 6.2(2.1-20.3)
403 (34-1120) 211 (17-565) 223 (1-841)

Like the controls, a comparison of exhaled NO values was made between the New Zealand

children with bronchiectasis and a cohort of children with bronchiectasis from the Royal Brompton

Hospital, London United Kingdom. The 22 Brompton cohort already had PCD excluded by cilia

functional and structural analysis. Two cases of bronchiectasis were known to be due to
underlying immune deficiency but in the remaining 19 cases no cause for the bronchiectasis could

be found despite extensive investigation. There was no difference in the ages between the two

groups (p=0.9) (UK median age '10.7 years (range 7.2-16.5\ versus NZ median age 10.8 years

(range 4.7-17.3). The lung function however was worse in the New Zealand children although it did

not reach statistical significance (p=0.2) (median FEVI UK 757o versus NZ 61%). Thirtytwo

percent of the UK group had an FEVI< 600/o whereas 50o/" of the NZ children had an FEVI< 60%.

Despite the New Zealand group not having PCD excluded, there was no difference in the exhaled

NO between the UK bronchiectasis group and the NZ children p=0.9 [median exhaled NO UK

5.4ppb (range 1.0-22.1) versus median exhaled NO NZ 5.9ppb (range 1.9-20.3)1. Again a

comparison with nasal NO is made with caution, as the flow rate used in the UK was different

250m1/minute in comparison with 500m1/minute used in this study. The median nasal NO in the UK

children with bronchiectasis was 534 ppb (range 80-2053 ppb) versus 223 (range 1-841 ppb) in the

New Zealand children.
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Figure 6.5. Exhaled NO in the children with bronchiecfasis prescribed and not

prescribed inhaled steroids compared with the total control group.
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Figure 6.6. Nasal NO in the children with bronchiectasrc prescribed and not

prescribed inhaled steroids compared with the total control group.
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CBF in the children with bronchiectasis

The CBF for the children with bronchiectasis was normally distributed with a mean CBF of 11.5 Hz

(SD + 1.7 Hz, range 7.7-15.4 Hz). There was no statistical difference in CBF measurements

between the European, Pacific lsland or Maori children with bronchiectasis (p=0.4) (see Table 6.7

and Figure 6.7).
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Table 6.7. CBF for the children with bronchiectasis

according to ethnic group.

Median CBF (Hz) Ranqe (Hz)
Total(n=104)
Bronchiectasis (n=26)

European (n=7)
Pacific lsland (n=9)

Maori (n=9)
Other (n=1)

12.5
11.5
11.5
13.2
'1 1.0
10.9

10.4-16.8
7.7-15.4
9.8-12.7
10.4-15.4
7.7-14.2
9.6-12.2

Figure 6.7. CBF for the children with bronchiectasis aecording to ethnic group.
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A statistically significant difference in CBF was suggested between the children with bronchiectasis

in whom PCD had not been excluded and the total control group (p<0.0001). When the analysis

was repeated adjusting for clusters the p value was 0.07, which was still suggestive of a significant

trend considering the small sample size (see Figure 6.8).
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Figure 6.8. CBF in the children with bronchiectasis compared

with the total control group.
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There was considerable variability in the CBF measurements taken in the children with

bronchiectasis (see Table 6.8). The median coefficient of variation was 10.4% (range 4.7-20.8/")

in comparison with 7.6% (1.5-2O"/o') for the controls, and the difference was signif icant (p=0.04).

Table 6.8. Variability of CBF in the children with bronchiectasis

compared with the total control group.

Range of individual Overall median Median and range
CBF (Hz) CBF (Hz) of C of V ('/")

ll,ledian
Controls 10.4-16.8 12.5 7.6 (1.5-20)

BE 7.7-15.4 11.5 (t 1.7) 1o.4 (4.7'20.8')

Fastest
Controls 11-19.1 13.8
BE 10.7-18.9 13.2

Slowest
Controls 8.7-12.8 1O.7

BE 6.0-12.1 9.7

There was a weak negative relationship between CBF and nasal NO in the children wlth

bronchiectasis (r = 0.46, p=Q.62 see Figure 6.9), but not between exhaled NO and CBF (r = O.21,

p=0.3). There was no consistent relationship between CBF and lung function parameters.

151



Figure 6.9. Relationship between CBF and nasal NO for the

ch ildren with bronchiectasis.
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There was no correlation between CBF, CXR score, any of the CT scan features, chronic infection

or passive smoke inhalation.

6.4. Discussion

This prospective study has compared CBF, NO levels, prevalence of positive skin prick tests and

lung function in a group ol healthy New Zealand children with a group of children with

bronchiectasis. The children with bronchiectasis were significantly younger than controls, and

there was no difference in ethnic breakdown between the 2 groups. Although the history of

sinusitis and recurrent ear infections did not differ between the groups, there was more respiratory

disease especially in the first 3 months in the children with bronchiectasis and suggests, but does

not prove, that the decreased CBF may not be secondary to sino-pulmonary disease. Despite the

controls reporting more eczema and the children with bronchiectasis more hayfever, there was no

significant difference in atopy between the two groups. Exhaled NO levels did not difler

significantly between the children with bronchiectasis and controls, or between the bronchiectatic

children who were and were not prescribed inhaled steroids. This suggests that measuring

exhaled NO is not useful in non-CF bronchiectasis to measure airway inflammation in contrast to

asthmatics(Baraldi etal., 1997; Baraldietal., 1999c; Payneetal.,2001a; Payneetal.,2001b). As

with the controls there were no ethnic differences with CBF and NO values. Although CBF was

highly variable, the values were not statistically different to the conlrols, but like nasal NO levels,

there did appear to be a trend to lower values in the children with bronchiectasis. Unlike controls

there was a weak relationship between nasal NO and CBF, and between exhaled NO and nasal

NO in the disease group. However, there was no relationship between CBF or NO and disease
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severity' Despite there being no difference between the No levels in the UK cohort of children with
bronchiectasis who had PCD previously excluded and the New Zealand cohort, there were still
individuals who had nasal No levels which were low (<250ppb) and/or abnormal citiary function.
Although it seems unlikely that Pacific lsland and Maori children are more tikely to get
bronchiectasis secondary to other respiratory insults because of ciliary abnormalities, pcD may still
exist within individuals.

It is important to acknowledge that the total control group were not representative of the Auckland
population as a whole. Thus any differences in demographics whilst important to record, say litle
about the difference between children with and without bronchiectasis in the Auckland and New
zealand population. As covered in chapter 5, although the control group was large and sufficiently
powered for comparisons between European and Pacific lsland children, there were few children
less than 10 years of age and a deficiency of Maori children. This has resulted in the children with
bronchiectasis being overall younger than the controls. Although there were a higher percentage
of Maori children in the disease cohort, as a result of the sampting design, the difference did not
reach significance' lf it had, it could be due to either the Maori children having a higher prevalence
of bronchiectasis overall, or being more difficult to recruit as controls. The statistical analyses in
this and the previous study were performed in the best way using the software available, the
additional analyses were completed to reduce the likelihood of quoting spurious results.

It is not surprising that the personal respiratory histories of symptoms of cough and wheeze,
admissions with pneumonia or chest infections, respiratory illness in the first 3 months of life were
significantly higher in the children with bronchiectasis than controls. Respiratory disease and
symptoms in the first 3 months of life is suggestive of PCD (Coren et al., 2oo2). There was no situs
inversus in either the control group or the children with bronchiectasis, and sinus problems or
recurrent ear infections did not differ between the two groups. Despite this and the normal situs,
many children with bronchiectasis had clinical presentations appropriate to apply screening tests to
diagnose PCD.

This research supports subsequently published research which shows in adults and children that
No levels are not useful in non-CF bronchiectasis to measure ainvay inflammation (Ho et al.,
1998a; Narang et a],.,2002; Tsang et al., 2Oo2), and is in contrast to earlier work which used
different methodologies to measure No (Kharitonov et al., 1g95b). Despite the severity of
bronchiectasis and the significant abnormalities in lung function, which were greater than that
reported in another paediatric cohort (Narang et al., 20oz), there was no correlation with NO,
suggesting that No is not a good measure of severity or measure of extent of disease in
bronchiectasis' This again supports evidence in the literature (Narang et al., 2002; Tsang et al.,
2002)' The lack of any difference in No levels between those prescribed or not prescribed inhaled
steroids also supports the view that No may not be useful to monitor anti-inflammatory treatment.
However, compliance with medication cannot be assured, and this aspect of the research could
have been strengthened and will be returned to in the final chapter of this thesis.
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The NO levels in this study were performed at a time of disease stability, and possibly the change

in NO levels over time pre and post exacerbations, as was performed in subjects with asthma

(Jones et al., 2002), may have provided different findings. However, work comparing the NO levels

of 36 adults with CF and 16 with bronchiectasis with 22 normal subjects and 35 asthmatic patients,

showed that there was no significant difference in NO levels in patients with CF or bronchiectasis

compared with normals (median 4.0, 5.5 and 4.4 parts per billion (ppb), respectively), but all were

lower than in asthma patients (10.4 ppb). Only the NO levels of the CF patients were examined at

the time of an exacerbation, and these were not increased and did not change during treatment

(Ho et al., 1998b). ldeally the effect of steroids on NO levels in children with bronchiectasis should

have been examined in a placebo controlled randomised cross-over manner; however these pilot

results using the original ERS guidelines (Kharitonov et al., 1997) for the measurement of NO has

not resulted in evidence to support the initiation of such a trial. As discussed in relation to the

control NO data, measuring NO using lower flows as has recently been suggested in the joint

ERS/ATS guidelines (Baraldi and de Jongste, 2002) may amplify differences between health and

disease and may have revealed more subtle differences. Despite this, the original reason for

evaluating NO in this thesis was to see if it could be used to distinguish PCD in a group of children

not previously effectively screened for this disorder. Although NO has been shown to be low in

previously diagnosed children and adults with PCD (Lundberg et al., 1994; Karadag et al., 1999)

the effectiveness of diagnosing PCD by measuring NO levels in a previously unscreened

population had not been performed.

In the previous work examining NO in patients with PCD there was some overlap with the normal

children with regard to exhaled NO, but nasal NO discriminated between the two groups in all but

one child in each group noted (Karadag et al., 1999). Narang constructed a diagnostic receiver-

operator characteristic (ROC) curve for PCD using NO, and found that a nasal NO of 250 ppb or

less showed a sensitivity of g7o/o and a specificity of 90% for the diagnosis of PCD, while a nasal

NO of 100 ppb would have a sensitivity of 75% and a specificity of 96% (Narang et al., 2002).

Again some overlap was noted, 1 child with PCD had a nasal NO value > 250 ppb, and 3 CF and 3

non-CF bronchiectasis patients had nasal NO levels of < 250 ppb. One of the children with CF has

a nasal NO of <100 ppb. She calculated that if a nasal NO of <250 ppb is taken as diagnostic for

PCD, the positive predictive value would be 83%, and the negative predictive value g7%. Although

we used the cut-off criteria of 250 ppb for the New Zealand children with bronchiectasis the flow

rate was double that of the machine used in the Narang study. This suggests that approximately

half the cut-off could be used in the present study, also if NO output was calculated rather than

levels this may further help address the problem of the different sampling rates. All the children

however easily achieved a plateau that was standardized by visual signals built into the NO

machine. lt could be argued that because the New Zealand nasal NO values overall would be

expected to be lower than the children in the UK study, using the higher cut-off would increase

certainty that patients with PCD would not be missed if a low nasal NO is characteristic of this
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condition' More recently published work from the same institution in adults with pcD has found
similar results to Narang's work (Horvath et al., 2003; Wodehouse et at., 2003).

A low nasal No is also found in diffuse panbronchiolitis, an inflammatory condition involving the
respiratory bronchioles leading to bronchiectasis, and recurrent sinusitis of unknown origin. lt has
usually been described in middle aged adults of oriental extraction and is unlikely to be
misdiagnosed in children from the UK or in the New zealand bronchiectasis described in this thesis
(Nakano et al', 2000). However, it raises the question as to why nasal No is low in this condition
and PCD and why there appears to be some overlap with other suppurative lung conditions.
Possible explanations have been discussed previously but inctude poor diffusion of No across
increased and viscous airway secretions, removal of No by reaction with reactive oxygen species
in the inflamed environment, and failure of upregulation of epithelial |NOS. The barrier hypothesis
is countered by there being no correlation between No and lung function, and cF patients have
just as much if not more mucus than PCD patients but do not have such low No levets. The close
linkage between the gene for PCD and the gene for iNos also seems unlikely due to the number of
proteins in the cilium, and the multiple candidate genes located on many different chromosomes
(Blouin et al., 2000; omran et ar., 2000; zariwala et al., 2001 ; zhang et al., zo02; olbrich et ar.,
2002)' The mechanisms may very well be different in different diseases, such as uncoupling of
NoS in PCD, but very low No in CF with nasal polyps because of obstruction. Jain has
hypothesized that there may be a better explanation from the observation of low No production
from myocytes in patients with Duchenne muscular dystrophy. lt has been suggested that
mutations in the dystrophin gene result in uncoupling of Nos from the contractile apparatus, with
loss of function by some mechanism yet to be determined. Loss of ciliary function by a similar
mechanism may result in reduced Nos output, and certainly NoS is found close to rhe ciliary basal
apparatus in epithelialcells (Jain et al., 1993).

This study has found a weak but significant relationship between CBF and nasal NO. How the low
No is linked to mucociliary clearance and the explanation for the overlap with suppurative lung
conditions is not clear. Lindberg et al. (1997) found a much stronger correlation between nasal No
and mucociliary function in terms of CBF (r = 0.74) and saccharine transit time (r = - 0.60). He
hypothesised that a low nasal No level probably reflects impaired epithelial function, rather than
reflecting loss of No producing epithelium, and not that low nasal No levels caused a decreased
CBF' Thus, the CBF in nasal brushings correlated with nasal No despite the fact that the
recordings of cBF were performed in vitro in a fluid medium more than one hour after harvesting.
It is likely that the influence on CBF of luminal NO had vanished at this point in time. lt is
interesting that in Lindberg's series of patients there were 2 patients with acquired ciliary
dysfunction, as verified by cBF and electron microscopy investigation, who had an even lower
nasal No than patients with PCD. These patients had atelectasis and bronchiectasis, similar to
many of the children in this thesis, in contrast to the patients with pCD who did not have severe
pulmonary complications. A matter of speculation is whether a severe viral infection (such as
adenovirus which is commonly seen in New Zealand) may result in a lack of iNos in the
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epithelium, in turn creating a vicious cycle of events with increased risk of new viral and bacterial

infections, culminating in acquired ciliary dysfunction and widespread severe lung disease. lt has

been reported that in addition to the mucociliary system, NO also has antibacterial (Mancinelli and

McKay, 1983), and antiviral effects (Croen, 1993). Although speculative, it may account for why

there is a trend to lower nasal NO levels and more overlap in New Zealand severe bronchiectasis.

However, it does not account for the traditional clinical picture seen with PCD patients, since the

lung disease in PCD is milder than CF. I am not aware of any studies that have identified whether

NOS is significantly low in squamous metaplasia, a suggested feature of respiratory epithelium in

relapsing bronchiectasis.

Although 30 out of the potential 38 children with bronchiectasis were enrolled and completed all the

study tests, all of the 60 children on the database could potentially have had a nasal brushing

performed increasing the data considerably and this is a weakness of the study design. However,

as will be discussed further in the next chapter, although it is relatively quick, easy and cheap to

perform CBF measurements, ultrastructural analysis is time consuming and expensive. The

variability in the CBF measurements in the children with bronchiectasis was significantly greater

than controls (10.4% versus 7.6Yo), which is in keeping with previous work (Veale et al., 1993).

Veale reported that the CBF varied at different mucosal sites in both normal subjects and

bronchiectatic patients. Although the CBF of the fastest beating cilia was similar in both groups,

the CBF of the slowest beating cilia was, on average, lower and showed greater within subject

variation in bronchiectatic than in normal subjects. They concluded that this might be a

consequence of chronic inflammation or infection. Following examination of 34 children with

defective cilia, Escalier agreed with these findings and noted that the motility of the cilia was

variable and seemed dependent upon the type of defect and the percentage of affected cilia

(Escafier et al., 1982). Jorissen presented a correlation between CBF and secondary ciliary

defects (r = 0.69) (Jorissen, 1998). This issue will be discussed in the next chapter. No difference

was seen in the CBF of those whose parents were smokers and those who were non-smokers.

However, the potential perpetuation of respiratory symptoms and increased morbidity that

environmental tobacco smoke may be causing in these children with already compromised

mucociliary transport systems is a great concern.

The finding of more hayfever but less eczema and similar atopy levels in the children with

bronchiectasis in comparison with controls raises the issue again as to whether BHR would have

been interesting to perform as part of the study protocol. As stated previously this was not within

the aims and objectives of this work and would have been a large study in its own right. Previous

adult literature on the prevalence of atopy and asthma in patients with bronchiectasis has been

conflicting (Holmgren and Ripe, 1973; Varpela et al., 1978; Bahous et al,, 1984; Murphy et al.,

1984), however these studies were either uncontrolled, used small poorly matched controls or

failed to control for significant factors such as cigarette smoke. Pang et al reported comparative

data in well matched control subjects and found that there was no difference in the prevalence of

asthma, other atopic diseases, or (like this study) positive responses to skin prick tests, but
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bronchial reactivity (both histamine and methacholine) was significanfly higher in bronchiectasis
than controls (Pang et al., 1989). Asthma was present in 23160 (3g%) of the chitdren on the
bronchiectasis database, of which had 13 demonstrated significant bronchodilator responsiveness.
Forty-eight percent of the children who had asthma and bronchiectasis were pacific lsland, 30%
Maori, 13% European, and 9% other ethnic groups. However, out of the 13 who had demonstrated
bronchodilator responsiveness 5 (39%) were European, 4 (31%) were pacific lsland, 2 (15 %) were
Maori and 2 (1So/o) were other ethnicities.

Applying the hygiene hypothesis (Strachan, 2000; Varner, 2002) one could suppose that the
healthy population of children in this study did not get as many respiratory infections in early life
and as a result developed T helper type 2 (Th2) cytokines and atopy, whereas the children with
bronchiectasis due to the increased number of infections tended towards the development of T
helper type 1 cytokines. lf these early respiratory infections were severe or protracted perhaps in a
child not fully immunized or iron deficient, that may have caused significant damage to the
mucociliary defense and resulted in significant airway damage leading to bronchiectasis. ln
relation to this thesis if there existed an innate ciliary dysfunction in the pacific lsland and/or Maori
populations who had the most prevalent and severe bronchiectasis as discussed earlier, one would
have expected this group to have the most difference between CBF and No, but no relationship
was found and therefore doubt is cast on this hypothesis. Also the fact that the atopy levels were
the same in the two groups is against this hypothesis.

ln summary, this chapter has demonstrated that as a group the nasal No and cBF vatues of the
children with bronchiectasis show a trend to be lower than controls implying that there may be an
underlying problem with ciliary function but not necessarily pCD. The children who had cBF and
No levels that were low outliers in the group now need to be re-evaluated as to the diagnosis of
PCD and undergo ultrastructural analysis of their cilia. In keeping with the literature since the work
of this thesis was undertaken, exhaled No values in children with bronchiectasis were not different
from controls' and showed no relationship with CT features or lung function implying that NO is not
useful in non-CF bronchiectasis to measure airuuay inflammation or disease severity. What
happens with No before, during and after respiratory exacerbations, and the effect of steroid
treatment has not been tested in a prospective manner. The results of this study suggest that No
values may not be useful to monitor anti_inflammatory treatment.

This chapter has achieved the third objective of this thesis by comparing the results obtained for
cBF' No, prevalence of positive skin prick tests and lung function from healthy New Zealand
children with a group of children with bronchiectasis. Although the lower nasal NO and CBF in the
children with bronchiectasis may be indicative of an underlying problem with ciliary function, this
work so far has not confirmed whether PCD exists in the study population. Although CBF is low in
a sub-population of the children with bronchiectasis this may be indicative of primary or secondary
disease' The penultimate chapter will re-evaluate and perform ciliary ultrastructure on a selection
of the total control children and bronchiectatic children in Auckland. The aim will be to determine if
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the individuals with low nasal NO and GBF found in thls study are the r€sult of primary or

secondary ciliary disease. The difficulties in interpretation of results and making a final diagnosis of

PCD due to the overlap in the nasal NO levels between bronchiectasis, o{[er respiratory diseases

and FCD, the faet that CBF may b€ normal in some genetic ciliary def,eots, and the difficutty in

distinguishing primary from secondary ciliary cfuctural defeas will be discussed.
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CHAPTER 7

Prospective studv 3: ciliarv structural abnormalities in healthv New zealand children and
children with bronchiectasis

7.1. Introduction

This thesis has documented that bronchiectasis is common and severe in Auckland, New Zealand
children, particularly if they are Maori or Pacific lsland. The values of No and CBF for healthy New
zealand European, Pacific lsland, and (less successfully) Maori children were not found to be low.
This was against the hypothesis that within the Pacific lsland population there is a higher than
normal prevalence of sub-clinical genetic ciliary abnormalities. However, the previous chapter has
demonstrated that as a group the nasal No and CBF values of the children with bronchiectasis
showed a trend to being lower than controls implying that there may be underlying ciliary
dysfunction in the population. The children who had cBF and No levels that were tow ouiliers in
the group now need to be re-evaluated as to the diagnosis of PCD and undergo ultrastructural
analysis of their cilia.

The literature suggests that there can be an overlap in the low levels of nasal NO seen in some
cases of bronchiectasis with PCD, chronic sinusitis, and CF, and therefore caution must be used
when interpreting NO results (Lundberg et al., 1994; Narang el al.,2Oo2; Wodehouse et al., 2003;
Horvath et al', 2003)- The distinction between primary or secondary ciliary disease can be
particularly difficult to make in the presence of chronic inflammation and frequently relapsing lung
disease (Corbeel et al., 19B1; Cornillie and Lauweryns, 1gg4; de longh and Rufland, 1gg5).
Undiagnosed PcD may be a contributing factor to the occurrence of more severe respiratory tract
disease in children in Auckland.

ln the original retrospective audit of bronchoscopy biopsies for ciliary ultrastructure discussed in
chapter 4, the specimens of Maori and Pacific lsland children with recurrent respiratory disease
showed twice as many secondary defects as the European children. until the work of this thesis
CBF measurements could not be performed in New Zealand, and so it was unknown whether these
secondary defects were associated with an abnormal beat frequency or pattern. correlations have
been suggested between CBF and secondary ciliary defects (Rossman et al., 1gg1; pedersen,
1983; Jorissen, 1998). However, despite structural and functional alterations induced by toxins and
bacteria (Pseudomonas species, Pneumococci and Haemophitus influenzae) repeatedly reported
by wilson et al' he did not report correlations with CBF (Wilson, 19gg; Wilson and Cole, 19gg). In
1993 Robson et al reported on nasal brushings in 17 patients with perennial nasat symptoms
(Robson et al., 1993), and a correlation between cBF and secondary ciliary defects was not found.
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However, Jorissen in a larger study (n=73), with a high percentage of secondary ciliary defects (in

up to 70% of the specimen), did find a correlation according to the logistic sigmoid model (r = 0.69)

(Jorissen, 1998). He proposed an ultrastructural distinction between normal (less than 5%), light (5

to 15%), moderate (15 to 25%), and severe (more than 25%) secondary ciliary dyskinesia and

CBF. lf the percentage of ciliary defects were less than 15%, CBF may still be normal, however if

the percentage were greater hhan 25o/o, CBF may be disrupted. However, as there is no correlation

between CBF ex vivo and mucociliary clearance in vivo, a subject with 10% secondary ciliary

defects and a normal CBF may have impaired mucociliary clearance. This study by Jorissen does

not comment on coordination of beat pattern and secondary ciliary defects, but in a latter study the

qualitative deterioration of ciliary function increased with the percentage of secondary

ultrastructural defects in biopsy specimens (Jorissen et al., 2000a).

The aims and objectives of this study are therefore to:

r Establish a method to assess ciliary structure using nasal brushings rather than biopsies.

o Evaluate ciliary structure in control children according to ethnicity.

o Confirm whether the individuals with low nasal NO levels and/or an abnormal CBF found in the

children with bronchiectasis were indicative of primary or secondary ciliary disease, and

thereby determine if PCD is present at all in the population of Auckland children with

bronchiectasis examined in this work.

7.2. Methods

Disappointingly the resources and storage space were unavailable to fix and store the nasal

brushings obtained in all the controls and all the children with bronchiectasis. However, finances

and approval for taking a limited number of repeat specimens was secured in March 2002. I

arranged to take repeat nasal brushings from a selection of the total control group and the children

with bronchiectasis during a 3 week return trip to Auckland. The reasons for the time lag were

multifactorial - limited resources and expertise to perform the structural analysis, ethical

compfications of transporting specimens out of New Zealand, the heightened security following

September 11th 2002, together with limited finances. Prior to the trip and over a 3-4 month period

Ms Ann Dewar (Electron Microscope Unit Manager, CBiol MlBiol) who has extensive clinical and

research experience in this area (Rutland et al., 1982a; Rutland et al., 1982b; Greenstone et al.,

1983; Rutland et al., 1983a; Rutland et al., 1983b; Greenstone et al.,'1988; Munro et al., 1994;

Tsang et al., 1994; Rayner et al., 1995a; Rayner et al., 1995b; Rayner et al,, 1996) taught me the

protocol and methodology used at the Royal Brompton Hospital to process ciliary specimens for

electron microscopy. I learnt how to process specimens through to examination under the electron

microscope by first shadowing and assisting the present laboratory technician, then obtaining nasal

brushings from my colleagues to ensure I could go through the different stages of the procedure

satisfactorily particularly practicing using the glass knife and preparing the grids for microscopy. To

ensure I knew what was normal and abnormal looking down the electron microscope and to learn
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how to use the machine I examined previously reviewed specimens, tutored by Ann Dewar, and
reviewed the reports to ensure I could identify normal and abnormal cilia specimens. This
consolidated my already good theoretical knowledge of the defects but also made me realise how
difficult the whole process is and how many points along the way that specimens could be
damaged or lost-

I have included the ciliary electron microscopy results of 2 children in whom I confirmed the
suspected clinical diagnosis of PCD during the time frame of the research. These children were
not included in the study because they did not have bronchiectasis. Figure 7.1 shows the CXR
and electron micrograph of a newborn Pacific lsland child with situs inversus. on light microscopy
the cilia were immotile and subsequent electron microscopy showed absent dynein arms.

Figure 7.1. The chest radiograph and electron micrograph of citia from a
Pacific lsland child with sifus invers us. The cilia demonsfrate absent dynein arms.

Figure 7'2 shows the ciliary electron microscopy results of a T-year-old New Zealand European
boy with situs inversus" His nasal No was <10ppb. The maximum cBF under light microscopy
was 2Hz with an ineffective beat and many cilia were immotile. The cilia show absent inner dynein
arms and asymmetric central microtubules consistent with an associated radial spoke defect.

Figure 7'2' An electron micrograph of citia from a New Zealand European child that
shows absent inner dynein arms and an associafed radiar spoke defect.

?
*
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The New Zealand nasal specimens were all taken and fixed prior to transport to London where I

carried out all the technical and interpretive aspects of ciliary structural analysis myself under the

supervision of Ms Dewar.

Re-recruitment of control s

The control children who originally volunteered from 2 of the Auckland schools were re-approached

(Kelston Boys High School and Marist Girls College). The children who were happy to undergo a

second nasal brushing were re-consented and permission to analyse it overseas was obtained.

Re-recruitment of children with bronchiectasis

A selection of the original 30 children with bronchiectasis was invited to have repeat NO and CBF

performed. Any child in the original cohort who had a clinical picture consistent with PCD, no

known cause for their bronchiectasis and a previous inadequate nasal specimen, or a low nasal

NO (<250ppb), or an abnormal CBF, were personally contacted by myself. Not all of these children

had been presumptive idiopathic bronchiectasis, some had a known underlying disease, and some

had previous structural cilia results that were reported as normal. These selection criteria were

used in an attempt to evaluate the reason for falsely positive nitric oxide results i.e. low NO levels.

The reasons for the repeat brushing was explained to the parents and the children, and consent

obtained to repeat the tests and examine the structural specimens in London.

Electron m icroscopy methodology

The electron microscopy procedure used for the structural analysis was that used at the Royal

Brompton Hospital, London, United Kingdom (Bush et al., 1998), and at the cilia laboratory at the

Concord Hospital, Sydney, Australia (De longh et al., 1995). The specimens were interpreted

blinded to the names and whether they were controls or children with bronchiectasis. Ann Dewar

performed the coding and blinding of the specimens. A selection of cases had 2 blocks evaluated

to give a measure of inter-specimen agreement of my interpreting skills. Due to fiscal limitations

and the considerable amount of time needed to assess cilia specimens under the electron

microscope further reproducibility work was not undertaken.

There appeared no advantage in adding magnesium sulphate to the fixation medium. The number

of dynein arms reported by Fox et al. (1980) using magnesium sulphate was less than the number

of arms identified by using the protocol at the Brompton hospital. The reference by Warner (1978)

used by some authors to support the use of magnesium sulphate appears to describe that

magnesium increases the number of dynein arm cross-bridges seen not the number of dynein

arms seen. Not all electron microscopy laboratories that process cilia use magnesium sulphate

and tannic acid.
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Procedure:

1. Nasal brushings were suspended in a 5ml pointed polystyrene cenlrifuge tube containing the

fixative, 2.5o/o glularaldehyde in 0.05M sodium cacodylate buffer.

2. The specimens were then refrigerated and commercially couriered to the electron microscope

laboratory at the Royal Brompton Hospital, London for further processing.

3. The tube was centrifuged at -1,600 rpm (equivalent to 400 g) for 5 minutes to pellet the cells.

4. The glutaraldehyde was then removed with a fine tipped pipette and replaced with sodium

cacodylate buffer and allowed to stand for 10 minutes.

5. The tube was spun again, and the buffer was replaced with osmium tetroxide (1olo in 0.05M

sodium cacodylate), then the samples were allowed to stand for t hour.

6. The tube was centrifuged again at -1,600 rpm (equivalent to 400 g) for 5 minutes.

7. The buffer was then removed with a fine tipped pipette and replaced with distilled water, mixed

and spun at the same rate for a further 5 minutes.

8. Approximately 10mls of 2o/o agar in distilled water was then boiled and placed in a water bath

set at 45oC.

9. The water was then removed and the tubes placed in the water bath.

1O.One to two millilitres of liquid agar was then added to the specimens and left for 5 minutes.

11.The specimens were moved very quickly from the water bath and centrifuged at maximum

acceleration at first (approximately 3,300 rpm, equivalent to 4600 g), and then at 2000 rpm

(equivalent to 640 g) for 3 minutes.

12.The samples were then placed in the ref rigerator for 5 minutes to solidily.

13.When the agar was solid the tubes were cracked open and the end of the agar containing the

sample was cut off using a razor blade.

14.The samples were then placed in an automated tissue processor (Lynx electron microscopy

tissue processor, Leica UK, Milton-Keynes, UK) overnight for dehydration through a graded

methanol/propylene oxide series before infiltration and embedding in Araldite resin.

15.The samples were then added to Araldite in moulds and placed in the oven at 60oC to

polymerise for 2 days. Figure 7.3 shows what the nasal brushing specimen looks like after

polymerisation embedded into the solid Araldite block.

16.One pm sections cut with a glass knife were then surveyed using light microscopy. This was to

give an idea of the best location of cilia within the specimen, to assess the degree of ciliation,

and to trim the specimen in preparation for the next stage. Figure 7.4 shows a 1pm section

stained with toluene blue and photographed using a green filter to highlight the cells, the broken

lines show where the section would be trimmed before taking thin sections. Figure 7.5 shows

the same section examined under higher magnifications to identify cilia in transverse and

longitudinal section. Figure 7.6 and Figure 7.7 show other clumps of ciliated cells within the

1pm section.

17.Groups of cilia were then thin-sectioned (80-100nm) with a glass knife, stained with 1.5% uranyl

acetate in methanol and lead citrate, and examined using the Hitachi H-7000 electron

microscope (Nissen Sanyo Co Ltd, Tokyo) in the electron microscope suite at the Royal

Brompton Hospital, London.
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Figure 7.3. Phatograph of a nasil brushing specimen embdded in thc solid

Antlditg bloe,k

Nasal bmshing
spodim-en after
trimming and
r,eady for taking
lpm seotions
on rnicrolorre

Unout naedl
brushiLng
speeimen

Araldile
bloclr

18.1n ihis study230 cross-sactions in which it was possible.to fully evaluate axonemestructure with

sufficient clarity was the, minirnum number taken to indicate a rsatisfactory specimen. Why this

delinition was ussd will be discussed hter in this chapter. When 2 blocks were qrt the number

of cross-sections seen were added together as would be done in the clinical sltnation. No

structural assessrnent was rnade of cilialrom cells that were lsslated or obviously unhealthy e.g.

dilated endoplasrnic reticulurn, loss of identig of the Golgi apparalus, and cellswelling are some

of the ultrastructural featu,res that may be seen in the evolution of cell injury to death (Marzella

and Trump, 1992).

l9.Photographs of a selection of nsrmal and exarnples of abnonnal cilia were taken and a selection

is used to illustrate the results in this chapter. I assisted with the photographic processing!

which was primarily perfo,rrned by Ann Dewar.
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Figure 7.4' A I pm seetion as it woutd be surveyed by tight microscopy
(x 4 magnification) to trim the block.
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The dashed lines show where the specimen is trimmed before thin sectioning.
The box insert shows the area evaruated further under higher magnification

for the presence of cilia _ see figure 7.3.
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Figure 7.5. The 1 pm section illustrated in figure 7.1 magnified x20 (A) and

xaO @) to identify cilia in transverse and longitudinal section.
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Figure 7.6. A 1 pm section (magnification x 40) showing
ciliated epithelium.

fi'"',,

*?1,:'. Some
transverse
and
longitudinal
ciliai"o

3et

..%-

Figure 7.7. A 1 pm section (magnification x 63 oit) showing
transverse and longitudinal cilia.
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7.3. Repeat GBF and ciliary structural results for a subgroup of the total control group.

Twenty-four children from the original total control group (8 from the excluded group and 16 from

the 'pure' group) underwent a second brushing with repeat assessment of CBF. In 4 children 2

blocks were examined and the specimens were labelled as a or b, therefore effectively 28 control

specimens were analysed using electron microscopy before unblinding occurred.

Twelve boys (11 Pacific lsland, 1 Maori), and 12 girls (8 European, 2 Pacific lsland, 2 Maori) were

re-brushed. There was no statistically significant difference in the repeat CBF measurements

between the original control results in chapter 5 and this study (mean CBF on first brushing =

13.6H2 (range 11.1-16.8) versus mean CBF on the second brushing = 13.0H2 (range 10.8-17.2\

(p=0.56, Fishers exact test). Only 50% (12124,2 European, B Pacific lsland, 2 Maori children) of

the specimens showed a minimum of 30 cilia in cross-section with sufficient clarity to fully evaluate

axoneme structure. In 38% (9124, 4 European and 4 Pacific lsland children, and 1 Maori child)

subjects no cilia were seen in cross-section, and in 13% (3124, 1 European child, 1 Pacific lsland

child, and 1 Maori child) of subjects <30 suitable cross-sections could be evaluated. Longitudinal

cilia were often abundant in these specimens. This was despite all the children having nasal

brushings suitable for analysis of CBF in 10 different areas of the epithelium to obtain an adequate

assessment of CBF.

The percentage of abnormal cilia as well as the types of abnormalities seen were evaluated and

are presented in Table 7.1. Figure 7.8 shows normal cilia cross-sections, and Figure 7.9 shows

examples of compound cilia, blebs and wings. The percentage of abnormal cilia for the control

children in which >30 cross-sections could be evaluated was a median of 8.9% (range 3.6-31.3%),

whife in those specimens were <30 cross-sections could be evaluated, a median of 14.3% of ciliary

abnormalities were seen (range 3.4-63.6%). In addition to these abnormalities, in 8 cases (33'/"')

cilia with excess matrix was apparent (see Figure 7.10), and in 3 cases cysts were noted (see

Figure 7.11). The commonest abnormalities seen were abnormalities of the central microtubules

(11124,46%), followed by tubular additions or deletions (10124, 42o/o) (see Figure 7.12) and blebs

and wings (10124, 42%1. Figure 7.13 shows cilia with partial absence of dynein arms. This

abnormality was seen in more than one cross-section in 5 (21%) of the normal controls.
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Table7,7, Percentageof abnormal cilla andtheUpeof eiliaryabnsrrnallfres seen

in the control subjects according to ethntetty.
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E = Europsan, Pl = Paciftc lsland; ll = ilaorl DA = dlnein arms:.

NB Foui children had 2 blocks exarnined.
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Figure 7.8. Normal cilia from control children plus a bleb

(normal control 127). (Magnification x 130,000)
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Figure 7.9. Compound cilia and examples of wings and blehs

(normal control 127). (Magnification x 45,000)
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Figure 7-10. A group of ciria with excess matrix (normar contror 103).

(Magnification x 87,000)
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Figure 7-11- An unheatthy ceil showing cysts in the ciliarysfiarts
(normal control 1 06). (Magnification x 1 6,000)
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Figure 7.12. Gross-sections of cilia from differenf cases (normal controls 101 and 107)

showing examples of tubular deletions and additions.

(Magnification x 60,000 and x 96,000 respectively)

Two
additional
tubules

-----f

A single
peripheral
tubule 0.2pm

Figure 7.13. Cross-sections of cilia showing partial absence of dynein arms

(normal control 101). ( Magnification x 83,000).

7.4. Repeat NO and CBF evaluations in the children with bronchiectasis

Out of the original 30 children with bronchiectasis, 21 were identified who had either an abnormality

of NO (nasal NO <250 ppb), and/or CBF (abnormalwave pattern;frequency <11H2; an inadequate

nasal brushing specimen previously), along with a clinical history suspicious of PCD.

Children lost to follow-up

Unfortunately 4 were lost to follow-up. One child (case 121) who had known severe combined

immune deficiency, a nasal NO of 99 ppb and a CBF of 10.5 Hz had moved to Palmerston North.

ln 2 cases (cases 124 and 170) the NO levels had been normal but an inadequate nasal brushing
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had been obtained to evaluate CBF. The other child who (case 175) had a normal CBF, exhaled

NO 8 ppb, a nasal NO 157 was diagnosed as idiopathic bronchiectasis and had no ENT issues.

Children who declined re-testing

Four declined to be tested again. Two children (cases 4 and 5) who had normal exhaled and nasal

NO levels had already undergone repeat nasal brushings for clinical reasons and no cilia had been

identified under light microscopy. The two European cases both had previous normal cilia

structural results. One (case 178) had bronchiectasis thought to be the result of pertussis and had

a normal CBF and exhaled NO but a low nasal NO of 164 ppb. The other child who had been

considered to have idiopathic bronchiectasis (case 142), and despite having 2 previous normal

ciliary structural results had low exhaled and nasal NO, and an abnormal CBF. PCD was highly

likely in this child but psychological stresses of further investigations after years of uncertainties

resulted in them declining retesting. The original test results of these children are shown in Table

7.2. This left 13 children (1 European, 7 Pacific lsland, 4 Maori, 1 other) for further testing.

Tahle 7.2. Original results of the children with hronchiectasis who

did not have repeaf tesfs pertormed.

Child Ethnicitv eNO ppb nNO ppb CBF (Hz) Reason for no repeat tests
121 E 5.1 99 10.5 Moved
142 E 2.4 36 9.8 Declined, normal structure
178 E 8.2 164 11.5 Declined, normalstructure
4 Pl 8.9 258 No cilia seen Declined
5 Pl 7.5 566 No cilia seen Declined

170 Pl 10.6 294 No cilia seen Lost to followup
175 Pl 8.1 157 13.1 Lost to followup
124 M 5.6 334 No cilia seen Lost to followup

Resu/ts of the children who were re-tested

Ten of the remaining 13 children had repeat nasal and exhaled NO, CBF and cilia specimens sent

for structural analysis, 'l had NO levels repeated but declined a repeat nasal brushing, and 2

children just had CBF and specimens sent for structural analysis. There was no statistically

significant difference between the first and second eNO, nNO, or CBF test results (p=0.58, p=0.46,

and p-0.06 respectively Fischer exact test; median eNO test 1 = 3.5ppb (range 1.9-8.5ppb) and

median eNO test 2 = 4.Bppb (2.2-7.3ppb); median nNO test t = 73.5ppb (1-394ppb) and median

nNO test 2 = 2O6ppb (1 1-589ppb); median CBF test 1 = 10.9H2 (8.6-1 3.4H2) and median CBF test

2 = 13Hz (7.7-14H2). The results are shown in Table 7.3.
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Table 7.3. NO and CBF results of the children with bronchrecfasis who had repeat

fesfs performed. (eNO=exhaled NO and nNO=nasal NO)

chitd
n=13

Ethnicity ENT Oriqinal test results Repeat test results
eNO nNO CBF Max Min
(opb) (oob) (Hz) (Hz) (Hz)

eNO nNO CBF Max Min
(ppb) (opb) (Hz) (Hz) (Hz)

123
94
171
173
179
107
117
6

't41
106
122
7

93

E

PI

PI

PI

PI

PI

PI

PI

M

M

M

M

o

1

I

1

1

1

0
0
0
4
t

1

'l

0
1

1 11.7 13.8 8.6
99 13.4 16.6 9.2
1U 10.5 11.6 10

48 10.8 12.8 9.2
Nil previous
4.9 211 lnadequate
4.7 841 Inadequate
6.3 107 lnadequate
3.3 48 9.3 11.4 6.3
3.3 28 Inadequate
2.7 17 11.0 12.8 9.3
6.4 394 8.6 10.7 7.2
8.5 lU 10.9 12.2 9.6

2.1

1.9
3.6
8.2

2.2 11 13.6 18.2 10.4
5.3 190 14.2 17.4 10.8
5.2 222 12.9 1s.9 10.2
3.5 136 No cilia seen
6.2 261 13.2 16.5 11.2
7.3 589 13.3 15.8 10.4

15.4 18.9 1.3
4.s 420 10.4 13 6.5
3.4 16 11.8 19 5.6
3.9 18 7.7 11.8 6.1
8.4 175 No cilia seen

12.6 17 8.2
4.7 109 Refused brushino

One Pacific lsland child (case 179) was originally recruited butfailed to have the tests performed

due to non-attendance, however he successfully underwent the tests during this session. Three

children had repeat tests due to both an original low nasal NO and previous inadequate CBF

results(cases6, 106, 107). TherepeatNOandCBFtestson2of thechildrenwerenormal (case

6 and 107), but the remaining Maori child (case 106) had persistently low NO levels and an

abnormal CBF. One Pacific lsland child (case 94) had low exhaled and nasal NO but an

apparently normal CBF result, and although the exhaled NO levels were within the normal range on

retesting, the nasal NO remained low, but the repeat CBF was apparently normal again. This

Pacific lsland child had what was thought to be idiopathic bronchiectasis and had previous normal

ciliary structural results.

Six children (cases 93, 122, 123, 141,171,173) had low NO levels and either an abnormal or

borderline CBF. The nasal NO on repeat testing of ease g3 was still low but the child refused a

repeat nasal brushing. This Cantonese child had bronchiectasis attributed to a severe

staphylococcal septicaemia and had ENT problems of blocked nasal passages but was well at the

time of testing. The other 5 cases had persistently low nasal NO levels on repeat testing but in 3 of

the cases the CBF was normal (cases 123, 14'1,17U, however in cases 122and 173 who both

have a primary immune deficiencies and extensive bronchiectasis no cilia were seen on evaluation

of the nasal brushing under light microscopy. The original tests of case 7 showed normal NO

levels but an abnormal CBF result, and a repeat nasal brushing showed a normal GBF. The last

child had normal NO levels but had no CBF result due to an inadequate specimen (case 117);

repeat nasal brushing showed a normal CBF. Two of the children who originally had low NO levels

on follow-up had normal NO levels and both subsequently had normal CBF assessments. Of the

remaining children who had persistently low NO results on repeat testing, 4 had normal CBF
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evaluations (child 94, 123,141, 171) and 1 was abnormal(child 106), in 2 cases no cilia were seen
(case 122 and 173), and case g3 declined further testing. A totat of .12 out of the 13 children had
nasal brushings sent for structural analysis.

7.5. Giliary structurat results in the children with bronchiectasis

In 5 of the 12 children who had ciliary structural results analysed 2 blocks were examined and
structural specimens were evaluated as a or b, therefore effectively 17 specimens were analysed
using electron microscopy- | was blinded to the cases and diagnoses, and they were randomly
mixed in with the normal controls as previously discussed.

Only 41\o (7117) (1 European, 4 Pacific lsland, 2 Maori children) of the specimens showed a
minimum of 30 cilia in cross-section with sufficient clarity to fully evaluale axoneme structure. ln
24o/o (4117,3 Pacific lsland children, and 1 Maori child) of subjects <30 suitable cross-sections
could be evaluated, but longitudinal cilia were abundant. ln 35% (6117, 1 European and 2 pacific
lsland children, and 3 Maori child) subjects no cilia were seen in cross-section, 2 of these included
the 2 nasal brushings in which no cilia were seen under right microscopy.

The percentage of abnormal cilia as well as the types of abnormalities seen were evaluated and
are presented in Table 7'4. Consistency was found in the 5 cases for which 2 blocks were
examined (see Table 7.5) but no statistical model is applied because of the small numbers and
semi-quantitative assessment- The percentage of abnormal cilia for the children with
bronchiectasis in which >30 cross-sections could be evaluated was a median of 11.3o/o (range 5.6-
30'7o/o), while in those specimens were <30 cross-sections could be evaluated a median of 32.so/o
of ciliary abnormalities were seen (range 8.3-50%). ln addition to these abnormalities, in g cases
(47%) cilia with excess matrix was apparent, and in 1 case ciliogenesis was noted (see Figure
7'14), and in another intracellular cilia (see Figure 7.15). Figure 7.16 and Figure 7.17 show cilia
with central microtubule abnormalities and partial dynein are defects.
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Table 7.4. Percentage of abnormal cilia and the type of ciliary abnormalities seen

in the children with bronchiecfasis according to ethnicity.

Subject Ethnlcity Cross- %abnormal

lD sections cilia

Ciliary abnormalities se€n

123 E 52 30.7 Central abnormalities; lubular additions/deletions; compound cilia; blebslwings

25 20 CentGlabnomalities

(TotaFz) A\€ra9e=25.4

117 Pl 62 1 1.3 Tubular additions/deletionsi compound cilia

107 Pl 51 13.7 Central abnormalllkls; tubular additions/deletions; blebs/wings

54 13 Tubularadditions/deletions; blobs^vings

(Total=105) Average=l3.4

94 Pl 45 8.9 Compound cilia; blebs/wings

171 Pl 10 40 Central abnomalilies: tubular additions/deletions

179P|2-
0

Octtal=z) Average=0

173P|0-
6Pt 0-

106 M 18 44 Central abnormalit-res; tubular additions/deletions; partial loss of DA' compound cilia

12 83 Centralabnormalities; compound cilia

(Total=3o) A\€rage=63.5

7 M 84 9.5 Centralabnormalities; tubular additions/delelions; blebs/wings

72 5.6 Centralabnomalities; tubular additions/deldions; blebdwings

(Tcttal=156) Average=7,6

141 M 24 25 Central abnormalit'res; compound cilia; blebsAirings

122M0

E = European, Pl = Pacific lsland, M = Maori. DA = dtmein arms.

Table 7.5. Consistency hetween the cilia specimen blocks a and h in

the controls and the children with bronchiectasis.

lD of Block Cross- Abnormal
chifd sections Tocilia

Ciliary abnormalities seen

Controls
14ga a 7 14.3 Tubular additions/delelions

149b b I 62.5 Central abnormalities: partial loss of DA
'103a a 58 10.3 Central abnormalilies: lubular additions/deletions; partial loss of DA: blebs/wings
103b b 23 8.7 Central abnormalities: blebs/wings

106a a 29 3.4 Central abnormalities

106b b 27 7.4 Cenlral abnormalities
161a a 52 25 Central abnormalities: parlial loss of DA

161b b 47 6.4 Tubular additions/delelions; blebs^/vings

Bronchiectasis
123a a 52 30.7 Central abnormalities; tubular additions/deletions: cornpound cilia: blebs/wings
123b b 25 20 Central abnormalities

1O7a a 51 13.7 Central abnormalities; tubular additions/delelions: blebs/wings
107b b 54 13 Tubular additions/delelions; blebs^r/ings
179a a 2

179b b 0

106a a 18 44 C€ntral abnomalitiesi tubular additions/deletions; partial loss of DA; compound cllia
106b b 12 83 Central abnormalilies: compound cilia
7a a 84 9.5 Cenlral abnormalitjes; tubular additions/deletionsi blebsiwings

7b b 72 5.6 Central abnormalities: lubular additions/deletions: blebs/whos
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Figure 7.14. Celt demonstrating ciliogenesis (case 106).

(Magnification x 1 7,000)

Figure 7.15. lntraceltular cilia and collections of compounded citia within the
cell (case 123). (Magnification j3O,OOO)
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Figure 7.16. Cilia with single central microtuhule and indistinct dynein arms

@ase 1AQ. (Magnification 126,000)

Figure 7.17. Cilia with either absence or single central microtubules andrndistinct dynein

arms. Many of the cilia show webs and membrane b/ebs (case 123).

(Magnification x 1 24,000)

Case 123 has a clinical picture which would be consistent with PCD, and whose widespread

bronchiectasis had been attributed to a specific antibody defect that had not responded to

immunoglobulin treatment. He had very low exhaled and nasal NO levels, but a normal CBF and 2

previous normal ciliary structural studies. His structural result demonstrated a predominant central

complex defect plus tubular defects, blebs, wings, and compound cilia. Case 141 with assumed

idiopathic extensive bronchiectasis again demonstrated a central complex defect but <30 cross

sections were available for evaluation. He however had low NO levels and a variable CBF. but

with the mean within the normal range. Case 106 also had low NO levels and demonstrated a
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wide range of ciliary derangements including partial loss of dynein arms and an abnormal CBF but
again <30 cross-sections were seen. She has widespread idiopathic bronchiectasis.

Case 94 again despite low nasal NO levels had an apparently normal CBF and structure with a
small percentage of compound cilia blebs and wings. Finally case 171 has bronchiectasis
secondary to severe adenoviral infection, had a low nasal No in keeping with pcD, but a normal
CBF and ciliary structural results showing a large percentage of central complex defects but only
10 cross-sections were able to be reviewed.

In summary, like the ciliary structural studies in the controls, a wide range of ciliary defects are
seen with a trend to a higher percentage (1'1.3o versus 8.9%, p>0.05). lt is only in case 123 that
the diagnosis of PCD can be considered and in cases 10G and l4l inadequate specimens mean
that further structural analysis by examining further sections and fresh cilia samples from different
sites is still required before a primary ciliary defect can be confirmed or excluded. lt is important to
acknowledge that these children have had at least three nasal brushings performed and are very
reluctant to have further tests performed.

7.6. Discussion

This study has shown for the first time in New Zealand, that a non-invasive method of sampling
cilia can now be used to examine ciliary structural abnormalities. Methodological hurdles and
financial constraints meant that structural studies could not be performed on all the originally
recruited controls and children with bronchiectasis discussed in chapters 5 and 6. This limited the
sample size considerably, and has meant that making conclusions as regards ethnic differences is
difficult' Bearing this in mind, despite the New Zealand control children having normal CBF
measurements' this study has shown that the percentage of abnormal ciliary structural defects was
approximately 3 times higher than reported controls, with no difference across ethnic groups (9%,
range 3'6-31'3%). The limited number of repeat CBF measurements and No levels performed in
this follow-up study has shown that not all had persistently low nasal NO levels, and not a1 of these
had abnormal cBF measurements on retesting. However, the number of children overall who had
repeat tests were very small' Although the percentage of ciliary structural abnormalities was
slightly higher in the children with bronchiectasis than the New Zealand controls (11%, range 5.6-
30'7%), the difference was not statistically significant. The range of ciliary structural defects seen
in the controls and the children with bronchiectasis were very similar. The commonest ciliary
abnormalities identified were of the central microtubule, tubular additions or deletions, and partial
dynein arm defects' This was despite all the children being apparenily well at the time the ciliary
biopsy was performed, with no history of an acute infection for at least 4 weeks. Finally, no single
primary ciliary defect was identified in the New Zealand children investigated in this study to
conclusively diagnose pCD.
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Although a high percentage of ciliary defects were found in both the controls and the bronchiectatic

children, the fact that a minimum of 30 cross-sections was used as a cut-off for analysis could be

seen as a weakness in the analysis. This is in keeping with other work in Canadian aboriginal

children with bronchiectasis (21o/o microtubular abnormalities) (Rubin and Kumar, 1997), but

numbers were small (n=6) and comparisons were made with controls from other work that used

mostly adult data (Fox and Bull, 1979; Rossman et al., 1984). lt has been suggested that the true

incidence of microtubular abnormalities can only be ascertained by examining large numbers (50 to

greater than 100) of ciliary cross-sections (Mierau et al., 1992). ln the medical literature it is
common to find that papers do not report the number of cross-sections examined, and if a number

is given, it is not stated whether these are the number that microtubular abnormalities could be

assessed, or simply the number of 9+2 patterns seen. Counting a number of ciliary cross-sections

is relatively easy, but the practice of being able to establish whether there is a microtubular defect

throughout the specimen is dlfficult. Thirty cross sections in which microtubular defects could be

evaluated was used in this study as has been used by others (Rubin and Kumar, 1997; Jorissen et

al., 2000c). This was as a balance between the limited yield of cilia in the New Zealand specimens

and to be able to make some comment about microtubular abnormalities. lt is acknowledged that

with additional time and funding more of the subjects second blocks could have been examined to

increase the yield. Blinding the specimens, not knowing which of the specimens were controls or

children with bronchiectasis, and semi-quantitatively assessing the ciliary structure, gives the study

strength. The consistency of the ciliary structural results reported in the specimens which had dual

blocks from the same children gives confidence in the validity of my analytical skills, but no further

assessment of reproducibility was made within the time restraints.

It was noted that when fewer cross-sections could be examined in the specimens, a higher

percentage of ciliary abnormalities were seen, suggesting that the adequacy of the specimen may

have reflected the degree of ciliation in vivo. Confirmation of this by qualitative or better

quantitative evaluation of the 1pm specimens, although time consuming, would have added

information on ciliation. A laboratory note was only made of whether the specimen was thought to

be well ciliated or not. Ciliary density (cilia per unit epithelial area) can be more accurately

evaluated using scanning electron microscopy, but would be a further study in its own right.

Areas of respiratory epithelium may become denuded of cilia following viral infections. This was

suggested in the results of the retrospective audit of the ciliary biopsies in Auckland children

performed in chapter 4, where the predominant abnormalities found were compound cilia and

absent cilia due to squamous metaplasia. This prospectively reviewed cohort of well New Zealand

children has demonstrated that although few compound cilia were seen, the question of squamous

metaplasia was raised in I cases (417 (57o/.) European, 4/13 (31%) Pacific island, 114 (25%)

Maori). No cilia were seen even on repeat brushings. This could either be due to an inadequate

brushing or true absence of cilia on the epithelium sampled. This may also explain why one nasal

brushing can be sufficient to obtain an adequate measure of CBF, but may not be adequate for
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examinalion of ciliary ultrastructure depending on where in the specimen the 1 prm section is taken

for analysis. This concept is illustrated in Figure 7.18.

Figure 7.18. Scanning electron microscopy photograph of respiratory epithelium.

The width ol the yellow strip is exactly equivalent to a lW section. ln the position

shown few cross-sections of cilia would be seen whereas if the section was taken

only a few mm to the right a much larger number of cilia could be analysed.
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(Photograph used with the kind permission ol Ann Dewar The Royal Brompton Hospital, London.)

The width of the strip superimposed on the photograph of the respiratory epithelium is exactly

equivalent to a 1pm section through the block. In the position shown in the photograph few cross-

sections of cilia would be seen whereas if the section was taken only a few mm to the right a much

larger number of cilia could be analysed. However, a realistic time limit for sectioning and

searching for cilia in blocks must be made, and dedicating too shorl a time to this can be to the

detriment of the quality and quantity of the results. lt is a lot easier, cheaper, and less time

consuming to evaluate CBF than ciliary structure by electron microscopy but they are
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complimentary processes for full ciliary examination (Frledman et al., 2000). The high percentage

of ciliary structural abnormalities despite the apparently normal CBF, combined with apparently no

respiratory symptoms in these children, demonstrates that the use of structural studies alone to

distinguish between primary and secondary ciliary dyskinesia is limited and therefore it is not the

gold standard. The specimens should be taken as long a period of lime as possible after an upper

respiratory tract infection, and the interpretation of the ciliary structural results must be taken in light

of the overall clinical picture.

Work on the effects of the Coronavirus infection using high-speed digital cinematography has

shown that in comparison with pre inoculation and 3 days post infection, although there were no

change in CBF or clinical signs in 257o, there was an increase in ciliary dyskinesia and ineffective

beat (Chilvers et al., 2001). Similar reports have been published on the effects of Rhinovirus and

Influenza B (Wilson et al., '1987). The ciliotoxic effects of bacteria have also been widely reported

(Wilson et al., 1996), in particular the effects of Streptococcus pneumonrae (Steinfort et al., 1989;

Feldman et al., 1992; Feldman et al., 2OO2), Haemophilus influenzae (Rutman et al., 1998;Janson

et al., 1999) and Staphylococcus aureus (Yun et al., 1999) all common respiratory pathogens in

New Zealand. High-speed video analysis of the cilia may therefore detect more subtle ciliary

dyskinesia and although may not add a great deal to the clinical service may be a useful future

research tool in New Zealand children.

Based on the literature it takes cilia much longer than the 4 weeks infection free to completely

recover and re-grow after a bacterial or particularly a viral insult. Carson et al. (1985)

demonstrated that restoration of normal epithelial organization and ciliary ultrastructure appeared

to take between 2 to 10 weeks after the infection. Similar work examining the recovery of the

epithelial layer following RSV has been completed but not yet published by Wong (personal

communication Dr C O'Callaghan). After 6 weeks there are cell protrusions and microvilli, but the

complete carpet of cilia may not be re-established for between 3-6 months. Giorgi et al. (1992)

investigated the ultrastructure of nasal cilia in 27 children suffering from recurrent upper respiratory

tract infections, during and after the onset of an acute respiratory infection, and after a

convalescence of 12 weeks. In 7 cases after resolution of the infection, the morphology of 32o/o ol

the cilia was not back to normal. These findings suggest a long-term residual effect of infection, or

an inability to re-establish normal ciliary structure during the convalescent period in some subjects

with recurrent upper respiratory tract infections. Based on this, and the defects seen in the control

children who had no upper or lower respiratory tract symptoms and normal NO levels, the ciliary

defects seen could be assumed to be secondary ciliary defects. Rather than just 4 weeks, future

ciliary specimens should be taken as long as possible 6-8 weeks from an infection in an attempt to

overcome this. However, during childhood frequent infections are normal especially between the

second to fourth years, with half of all children experiencing 9 or more infections. A realistic

compromise has to be reached, and four weeks is usually fixed upon. The study of ciliary

ultrastructure after de novo ciliogenesis in vitro is interesting in this respect. Epithelial cells can be

cultured from specimens of nasal cup forcep biopsies, the cilia in the cultured cells are unaffected

182



by secondary ciliary abnormalities allowing the CBF and the ultrastructure to be assessed (Jorissen
and Willems, 2000; Jorissen et al., 2000b; Jorissen et al., 2000c, 2000d). To date researchers
have had more success growing cilia from nasal cup forcep biopsies, which are painful and more
problematic in children than cell growth from nasal brushings. ln those children or adults who
despite repeated nasal brushings fail to achieve and adequate specimen or secondary defects are
high, and the diagnosis of PCD remains in question, this procedure may be very useful.

The literature suggests that only a limited number of cilia (< s%) in healthy controls show
ultrastructural abnormalities (wisseman et al., 1981; Fox et al-, 1983; Jorissen and cassiman,
1991; Jorissen et al., 1997). However, not uncommonly the controls were adults who in general
have less frequent intercurrent infections than children, and sample sizes were surprisingly small
(see Table 7.6) but similar to the work of this thesis. The conclusions and findings of these control
studies are applicable to the current study. wisseman described excess cytoplasmic matrix,
tubular additions, deletions, or aberrant arrangements, multiple partial or complete cilia within one
membrane, and the occasional marked disorganization of all cilia in a cell. They concluded that
polymorphic ciliary abnormalities may be common in healthy children, and should be cautiously
interpreted as a cause of chronic respiratory infection. Fox tried to overcome the difficulties of
assessing the true incidence of ciliary abnormalities by examining large numbers of cilia from
individual cases. The effects of different fixatives on the appearances of cilia were also studied.
Bronchial biopsies were examined from 35 subjects who were being investigated for various lung
diseases and nasal biopsies from 12 subjects (7 with retinitis pigmentosa and 5 healthy controls).
The validity of using retinitis pigmentosa patients as controls for lung abnormalities is questioned.
Numerous pieces of normal looking bronchial wall from a lobectomy specimen were used to
examine the effect of six different fixatives. Almost 3o/o of bronchial cilia (mean of gg0 cilia
examined) and 2'4o/o of nasal cilia (mean of 808 cilia examined) showed microtubular
abnormalities. Examining large numbers of cilia established that increased microtubular
abnormalities were associated with a number of conditions including chronic pulmonary infection,
and that the appearances of cilia varied considerably with different fixatives. The numbers of
dynein arms seen and lhe ease of recognising radial spokes and microtubules were particularly
affected by fixation. Jorissen reviewed the literature and determined that the commonest reported
abnormalities were compound cilia, peripheral microtubular abnormalities and membrane blebs.
Table 7'6 summarises the findings in relevant manuscripts and was adapted from Jorissens work
(Jorissen and Cassiman, 1991; Jorissen et al., 19g7).
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Tabte 7.6. lncidence of ultrastructural ciliary alterations in control subiecfs

pubtished in the relevant literature' (Adapted from

Jorissen and Cassiman,1991; Jorissen et al'' 1997)

% Mean altered ciliaReferences Number of
subiects

(age range or
Gompound

cilia
Peripheral

microtubule
defects

Gentral
microtubule

defects

Arden, 1979

Fox, 1981

Fox, 1983
Finkelstein, 1986

Carson, 1987

Greenstone, '1988

Nielsen, 1983

Rossman, 1983

Rutland, 1983

Smallman, 1986

Teichtahl, 1987

de longh, 1995

10 (all adults)
5 (all adults)
6 (all adult)
7 (all adults)
17 (unknown)
15 (alladults)
30 (all adults)
(8 smokers)

10 (35 t 18yrs)

5 (all adults)
10

61 (11 smokers)
(age range 1-76Yrs)

28

0
0.4

1.2

1

2.3 (0-e.6)
1.3 (0-4.6)
1.0 r 1.5

1.8

0.4 t o.; (o-3.7)

0.2

z.o 1o-ro.z1
2.6 (0.7-5.6)

2.6 ! 1.9

2.0
2.7
4.9

2.2 x 1.7 (0-8.9)

0.5

3.6
4.2
2.4

o.o t o.a

1.2 ! 1.4

Jorissen 1997

Jorissen also reported that the outer dynein arms are more readily visible than the inner dynein

arms on transverse section, but again are very variable' The number of visible inner and outer

dynein arms per axoneme varies between 0 (absence) and 9 (all seen)' Most of the outer dynein

arms are seen (> 7 arms/cilium), but depending on the fixation technique and the scoring system

only about half of the inner dynein arms are observed (see Table 7.7).

one of the reasons why an absence of inner dynein arms is difficult to confirm is because of their

low contrast on electron microscopy. Escudier et al. (2002) recently reported on a method using

computer-assisted analysis of electron microscopic micrographs to improve inner dynein arm

visualization. computer-assisted analysis consisted of image transformations designed to enhance

the signal/noise ratio, based on the symmetry of ciliary axonemes. The sensitivity and specificity of

computer-assisted analysis was reported as being 100 and 987o, respectively' The efficiency of

computer-assisted analysis to visualize inner dynein arms, which was evaluated in 40 patients with

undetermined phenotype after electron microscopy, was 86% (three normal cilia, seven PCD with

absence of outer dynein arms, three PCD with absence of inner dynein arms, five partial absence

of inner dynein arms). This methodology however is very labour intensive' and may not have much

advantageoverana|ysinglargenumbersofcross-sectionsinaspecimen.
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Tahle 7'7. Numbers of dynein arms visible in cilia from control subjecfs puhtished
in the relevant literature. (Adapted from Jorissen and cassiman, 1gg1;

Jorissen et al., 1gg7)

References Patients Dynein arms (mean)
Outer lnnern

Nielsen, 1983
Rutland, 1983
Wilton, 1986
Eavey, 1986
Smallman, 1986
Teichtahl, 1987
Carlen, 1987
van der Baan, 1987
Greenstone, 1988
de longh, 1995
Jorissen. 1997

15

10

:
o

21

10

32
23
17

61 (11 smokers)
117

7.9

8.1

8.0
5.2
9.0
8.1

7.0
8.0
8.4
8.5
8.4

5.2

7.2
5.3
1.0

6.8
5.2
4.0
3.2
6.4
5,4
3.2

Many of the previous reports of the presence of atypical cilia in normal subjects and a variety of
respiratory disorders (including asthma, CF, chronic sinusitis, and bronchiectasis) were mosly non-
quantitative, but all of these studies have stressed that most of the cilia appeared normal
(McDowell et al., 1976; Kollberg et al., 1978; Fox et al., 1gB0; Katz and Holsclaw, 19g0; Takasaka
et al', 1980; Fox et al., 1981; Rutland and Cole, 1981;wisseman et al., 1981). The quantitative
studies (Rossman et al., 1984; de longh and Rutland, 1995) have found that subjects with a variety
of non-PCD respiratory disorders including bronchiectasis, had cilia that were not different
functionally or ultrastructurally from those of healthy 'normal' subjects emphasizing the importance
of quantification of the analysis. Abnormalities of ciliary orientation were not evaluated in this
study' Whether disorientation of cilia is a primary or secondary defect is highly controversial, and
some dispute it exists (chilvers et al., 2003). To assess ciliary orientation in the New zealand
population would have required a separate study in itself.

A recent paper published by the Leicester ciliary laboratory (chilvers et at., 2003), using a different
methodology to assess cBF (a digital high speed video camera), has established normat age
related reference ranges for ciliary structure and ciliary beat. Although the cBF vatues were
comparable with the values using the photometric method in this study, ultrastructural defects were
found in less than 5% of cilia. The recruits were required to be clear of an upper respiratory tract
infection for 6 weeks rather than only 4 weeks in this study. A quantitative evaluation of ciliary
epithelial ultrastructure and epithelial integrity was also developed. This demonstrated a greater
degree of epithelial damage than previously reported (Tsang et al., 1994). The process of nasal
brushing and tissue preparation may have caused this, as the Tsang study reported data from an
organ culture model.
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The cifiary abnormalities found in this study are similar to those previously reported in New Zealand

adults and children with bronchiectasis, despite differing methodologies (Waite et al., 1978;

Wakefield and Waite, 1980; Waite et al., 1981;Waite et al., 1983). In this study all are paediatric

cases and the yield of cases with cilia for electron microscopy is the same (12 results from 17

children sampled versus 4 results from 6 children sampled). The ciliary specimens were previously

obtained under general anaesthesia by either nasal or bronchial biopsy, and multiple ciliary

components were defective. All the patients in the original work appeared to have a partial or

complete loss of dynein arms, which was not quantified. Mucociliary clearance rather than CBF

was measured by inhalation of dried ee'Tc sulfide colloid via a turbohaler and was either absent or

considerably reduced. Other ciliary defects particularly of the central pair or extra peripheral

tubules were present in similar high proportions to this work (> 25%\. This contrasts with the

control group reported here as the ciliary abnormalities were infrequent (<1%) and usually

compound in nature, and the ethnic breakdown of the patients was not given. Waite and Wakefield

concluded that the diversity of the ciliary defects found suggested that the underlying cause

differed from that seen in Kartagener's syndrome. The possibility of abnormal cilia being due to

chronic infection and inflammation cannot be excluded. The high rate of bacterial and viral

respiratory disease in New Zealand children could be the underlying reason for the ciliary

dyskinesia and ultimate airway damage, and therefore blurs the overall picture. The ability to study

ciliary ultrastructure after de novo ciliogenesis in vitro could be a very useful future resource in New

Zealand and would probably be the best way of detecting an ethnic difference in ciliary function.

Centraf complex abnormalities were the commonest defect described in the New Zealand study.

These abnormalities are known to be normal findings in cross sections taken at the base of the

cilium but were confirmed not to be at the base by my supervisor and by examination of higher

transverse ciliary cuts. Usually central defects are thought of as secondary phenomena and the

defect is only seen in a few cilia (Lungarella et al., 1983; Carson et al., 1985; de longh and Rutland,

1995). Primary abnormalities of central microtubules have been described in human spermatozoa

(although they usually affect the total sperm population (Afzelius and Eliasson, 1979) and in

Chlamydomonas mutants (Eliasson et al., 1977; Afzelius, 1979), and partial defects affecting

variable percentages (30-50%) of cilia have been reported in patients diagnosed as having

transposition defects (Sturgess et al., 1980; Escalier et al., 1982; Rutland et al., 1982a). However,

on follow-up these abnormalities were found to disappear (Rutland et al., 1982a), Tamalet et al.

(2001) recently discussed the significance of central complex defects in the face of normal situs.

They reported that patients with central defects had a severe clinical presentation with a high

incidence of respiratory tract infections leading to extensive bronchiectasis, which is similar to the

cases seen in New Zealand. In Tamalet's work the clinical severity could not be explained by

abnormal ciliary function, as ciliary function was the same as the cases with dynein arm defects.

They put forward 3 possible hypotheses to explain a partial central complex defect: 1) particular

instability of central microtubules (Dentler, 1980); 2) short central microtubules present only in the

basal part of the cilia (Afzelius and Eliasson, 1979); and 3) quantitative synthesis deficiency

providing central microtubule structures for only some cilia. Not only have central ciliary defects
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been suggested to be an indicator of severity, but so have cysts in the ciliary shaft (Tsang et al.,

2000). These were also seen in the New Zealand cohort (Figure 7.11). In this study ciliary cysts

were associated with severe early onset bronchiectasis in which the cysts were hypothesized to

hinder within cilia and overall mucociliary transport (Tsang et al., 2000). A reduced radioactive

clearance was discussed in the work on Polynesian bronchiectasis (Waite et al., 1981 ).

Partial dynein arm defects were also seen in the New Zealand controls and bronchiectatic children.

Howell also reported partial lack of dynein arms in the bronchial cilia of a patient with chronic upper

respiratory tract infection without bronchiectasis (Howell et al., 1980). The literature is confusing

about what different researchers mean by partial arm defects - some mean short arms due to

incomplete assembly, while others mean incompletely present in which cilia lack 60-70% of the

inner and outer dynein arms. Chao et al. (1982) has reviewed this heterogeneity. Patients with

partial ciliary defects may only present clinically once triggered by environmental circumstances.

This may be important given the high occurrence of respiratory disease found in New Zealand.

Visualisation of the dynein arms can be affected by the fixation procedures, the quality of the

specimen, the sections made, and subsequent electron micrographs. More recently the quality of

images may be artificially enhanced by digital manipulation (e.9. Photoshop software), which adds

a new dimension and ethical questions in cilia research. The possibility that partial dynein defects

could be a primary rather than a secondary defect has also been described. Partial defects could

arise as a result of either reduced dynein protein synthesis or its assembly on microtubules could

be partially deficient. Interestingly Huang et al. (1979) found that some Chlamydomonas dynein

arm mutants (eg pf-23 and pf-13 with partial defects of inner arms and outer arms respectively) are

incomplete. Tamalet suggested that in those cases of partial deficiency either dynein protein

synthesis or its assembly on microtubules could be partially deficient and represent a sporadic

case of a congenital disease, i.e. PCD with variable penetrance.

Despite the low nasal NO seen in some of the children with bronchiectasis, to verify with

confidence the significance of the ciliary structural defects seen in the New Zealand children, and

to ensure that the abnormalities seen in the controls is truly secondary, longitudinal follow-up and

repeat measurements taken from different sites in the respiratory tract possibly including sperm tail

analysis in the older boys would be required. ln addition the usefulness of culture of ciliated

epithelium is again highlighted. Work by Corbeel et al. (1981)and Cornillie et al. (1984) supports

the need for long-term follow-up and repeat tests. They studied anomalies of bronchial cilia in 5

children with recurrent pulmonary infections. Case t had Kartageners syndrome and an absence

of the inner and the outer dynein arms in most cilia, although a few shortened and even normal

arms could be seen. Cases 2 and 3 had unilateral bronchiectasis without a family history of

Kartageners syndrome. Serial studies of the bronchial epithelium at times showed a bilateral lack

of the inner arms and a partial lack of the outer arms. These abnormalities persisted in these 2

children after they had recovered from the acute pulmonary infection but disappeared after 6-8

months of antibiotic treatment. Cases 4 and 5 had recurrent pulmonary infections without

bronchiectasis and many shortened outer dynein arms could be seen, but these anomalies
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disappeared after recovery from the infections over time. ln all 5 children a variety of other ciliary

abnormalities were present such as megacilia, fused cilia, naked cilia, and completely disorganised

axoneme. These architectural defects were particularly numerous in the children without

bronchiectasis (Corbeel et al., 1981). In a later study (Cornillie and Lauweryns, 1984) the

ultrastructurally atypical bronchial cilia were studied and semi quantitatively analysed in 24 children

with recurrent respiratory tract infections with and without bronchiectasis. In 2 patients with

Kartageners syndrome normal looking and shortened dynein arms are present at some axonemal

microtubular doublets suggesting that the assemblage of dynein molecules on microtubules only is

defective but not totally lacking. In 4 patients with acquired unilateral bronchiectasis, bilateral, local

and partial absence of dynein arms is demonstrated together with tubular anomalies. None of the

patients with pneumonia and asthma (4 cases), or with cystic fibrosis (3 cases) showed any

anomalies of the dynein arms, but tubular abnormalities or megacilia are present at times and were

postulated to be secondary acquired abnormalities. Four patients with viral and 5 patients with

bacterial pneumonia demonstrate a partial lack of dynein arms in bronchial cilia. Other ciliopathies

such as megacilia, naked and intracytoplasmic axonemes and apical blebs were more frequent and

more common in these patients, and were believed to be secondary phenomena.

Pifferi examined a group of children with severe chronic respiratory diseases in whom the

investigations for PCD had yielded inconclusive ultrastructural results. Samples of nasal ciliated

epithelium from 50 subjects were examined. Based on using transmission electron microscopy

they were divided into two groups: A and B. Group A comprised 39 children with ciliary alterations

compatible with a condition probably occurring secondary to chronic inflammation (alterations of

peripheral pairs, swollen cilia, and compound cilia). The other 11 patients, Group B, exhibited a

greater number of alterations of the central pair and dynein arms (p<0.001), which were

qualitatively similar to, but less numerous than, those observed in PCD. In both groups, analysis of

CBF and waveform were performed by phase contrast microscopy. All the children with a CBF of

<7 Hz were treated with daily physiotherapy and with antibiotics, as recommended for PCD, for a 6-

month period. After this treatment, the children were re-examined. Almost 50% of the children

from Group B (i.e. those with a small proportion of specific ultrastructural defects) showed

permanence of low CBF. This was also observed in two children of Group A, and these children

were considered to be affected by PCD. This study describes a method for the diagnosis of PCD

in the absence of specific ultrastructural defects or when these defects are present in only a small

proportion of the cilia (Pifferi et al., 2001).

In summary, a non-invasive method of sampling cilia can now be used to examine ciliary structural

abnormalities. Despite the methodological hurdles, time and financial constraints, a comparable

number of ciliary structural results for controls were obtained as reported elsewhere in the

literature. However, this was still disappointingly small in comparison with the potential number

that could have been examined in the first study had the time and money been available. Despite

the New Zealand control children having normal NO levels and CBF measurements, this study has

shown that the percentage of abnormal ciliary structural defects was approximately 3 times high
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than reported controls, with no difference across ethnic groups. Using video analysis may have
shown more subtle ciliary dyskinesia not noted during conventional real time observation. Although
the percentage of ciliary structural abnormalities was higher in the children with bronchiectasis than
controls, the difference was not statistically significant, and the range of ciliary structural defects
seen in the controls and the children with bronchiectasis were very similar. The commonest ciliary
abnormalities identified were unusual in comparison with reports in the literature; being in this study
central microtubule defects, tubular additions or deletions, and partial dynein arm defects. Finally,
in the individual children with bronchiectasis who had low cBF and nasal No and a high
percentage of ciliary defects, no single primary ciliary defect was identified to concluslvely diagnose
PCD' and follow-up ciliary studies are still needed to verify or refute underlying genetic ciliary
defects.

This penultimate chapter concludes the studies undertaken as part of this thesis. The non-invasive
methodology established to assess ciliary dysfunction was not found to be discriminatory for
primary and secondary disease' only a relatively small sample of nasal brushings were evaluated
for ciliary structure. This has meant that making conclusions as regards ethnic differences is
difficult' In terms of proving or disproving the main thesis hypotheses there may be a numbers
component in that there may have been too few recruits to detect a difference or perhaps there is
only a difference in a subset of the population. Further work only involving pacific lsland children
may help to further confirm or refute the hypotheses. All that can be said is that although there is a
high prevalence of bronchiectasis in Auckland New Zealand, the severity and occurrence is unlikely
to be secondary to PCD, and sub clinical ciliary defects that may increase the vulnerability to
respiratory disease are unlikely to exist.

overall more work is needed to increase the ciliary structural and functional ,library' for New
Zealand children, and particularly for Maori children who were under assessed in this work. The
wide variety of ciliary abnormalities demonstrated, in my opinion, are more likely to be secondary
phenomena' and the incidence of PCD in the New zealand population examined in this study, if
present, is small. Because of the difficulties in ensuring secondary defects are minimised, despite
the technology and resources now available as a result of the work of this thesis, other more
advanced techniques such as culture of ciliated epithelium in vitro may be an appropriate
methodology to develop in New zealand. lf I had the opportunity to now do the ideal study with the
knowledge gained from hindsight, I would have considered studying younger children and perhaps
babies, cultured cilia to overcome the problems of secondary defects, and looked for genetic
polymorphisms in those potential ciliary loci described. I will expand on the discussion of the .ideal,

study in the final chapter of this thesis.
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CHAPTER 8

Gritical discussion

8.l.Thesis summary.

The work of this thesis has found paediatric bronchiectasis to be alarmingly common in Auckland,
New Zealand. The prevalence was estimated at 2/10,000, and bronchiectasis was found to be
disproportionately more common in Pacific lsland (6.3/10,000) and Maori children (2.g/10,000).
While there was a wide range of presumed aetiologies, over half remained undiagnosed despite
extensive investigation- No child was found to have situs inversus. The median duration of
symptoms before diagnosis was 3.2 years, and there was a median of 4 respiratory admissions
pre-diagnosis' The NZDepgO index showed that there was a predominance of cases in South
Auckland, and significant socio-economic deprivation was demonstrated.

Quantitative assessment of the radiology (cXR and HRCT scans) in 56 of the 60 children
demonstrated that the bronchiectasis seen was extensive and severe, especially in the younger
Maori and Pacific lsland children- The HRCT score had a stronger relationship with lung function
than the CXR score, especially FEVI and FEFzs-zs and the extent of bronchiectasis, the severity of
the bronchial wall thickening and the degree of air trapping. The children with digitat clubbing and
chest deformity had significantly higher scores for the presence and extent of bronchiectasis,
bronchial wall dilatation and thickness, and the overall cr scores. Despite the high rates of chronic
sputum infection with Haemophitus inftuenzae, no relationship was found between this and CT
scan severity' only 1 child, who had a tracheostomy in situ, was chronically infected with
Pseudomonas aeruginosa- The demographic features, clinical data and the radiology scores were
combined to form a bronchiectasis database for Auckland children.

The next step was to investigate whether the vulnerability of the pacific lsland chitdren to
respiratory disease was due to or exacerbated by a specific inborn defect of cilia. An audit of the
previous ciliary service confirmed that the airway biopsy technique and subsequent ultrastructural
analysis was inflexible and sub-optimal. Methodological work was undertaken to develop the
equipment to measure CBF and assess wave pattern to equal current best practice. The creation
of a purpose built heated microscope stage ensured optimal temperature control that could be
easily adjusted according to environmental fluctuations.

The non-invasive protocol from an outpatient nasal brushing to analysis of CBF was successfully
piloted before exploitation in a series of prospective studies to assess atopy levels, No, CBF and
lung function in a cohort of healthy control children and a group of children with bronchiectasis.
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Ethnic normal values for exhaled NO and CBF were documented for healthy New Zealand

European, Pacific lsland and, less successfully, Maori children. The sampling design and the

relatively small numbers confounded conclusions related to ethnic differences. Although doctor

diagnosed asthma and bronchitis along with reported symptoms of cough were common, ethnic

differences could not be found. However, there were more Pacific lsland and Maori children who

lived in homes where there were smokers than European children. Despite more than a third of the

children being potentially exposed to tobacco smoke at home, no relationship was found between

smoke exposure and levels of airway inflammation (as measured by NO levels) or ciliary

dysfunction (as assessed by CBF). No ethnic differences were found for NO values, atopy or CBF.

lmportantly, because the CBF measurements and the NO levels were not low, sub-clinical ciliary

abnormalities in the healthy New Zealand population were unlikely. Had they been low, it might

have been due to ethnically determined NOS polymorphisms. The possibility that ethnically

determined NOS polymorphisms may have cancelled out the effects of ciliary disease cannot be

excluded. That is if one had stratified for a given NOS polymorphism, ethnic differences may have

appeared.

Exhaled NO levels did not differ significantly between the children with bronchiectasis and controls,

or between the bronchiectatic children with or without inhaled steroids. This suggested that

measuring exhaled NO is not useful in non-CF bronchiectasis to measure airway inflammation in

contrast to asthmatics (Baraldi et al., 1997; Baraldi et al., 1999c; Payne et al.,2001a; Payne et al.,

2001b). As with controls, there were no ethnic differences with CBF and NO values in children with

bronchiectasis. Although CBF was highly variable, the values were not statistically different to

controls, but like nasal NO levels, there was a trend to lower values in the children with

bronchiectasis supporting the hypothesis that there may be undiagnosed PCD within the group.

Unlike controls there was a weak relationship between nasal NO and CBF, and between exhaled

NO and nasal NO in the children with bronchiectasis. However, there was no relationship between

CBF or NO and disease severity as assessed by CT score or lung function.

Analysis of ciliary ultrastructure showed that the percentage of abnormal ciliary structural defects

was approximately 3 times higher in the New Zealand control children than previously reported

controls. The frequency and types of defect were similarly seen in the children with bronchiectasis.

The commonest ciliary abnormalities identified were central microtubule defects, tubular additions

or deletions, and partial dynein arm defects. lt is likely that these defects are secondary

phenomena. In the individual children with bronchiectasis who had low CBF and nasal NO, no

single primary ciliary defect was identified to conclusively diagnose PCD, and follow-up ciliary

studies are still needed to verify or refute underlying genetic ciliary defects. Therefore if PCD exists

at all within the population of New Zealand children with bronchiectasis evaluated in this study, the

prevalence is low. The implication is that inherited abnormalities of cilia are unlikely to underlie the

vulnerability of New Zealand children to bronchiectasis, and the question of another vulnerability

factor either of innate immunity or airway defences, as yet not identified, is still a possibility.
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8.2. Strengths and weaknesses

For the first time in New Zealand this research raises the awareness of the neglected condition of
non-cF bronchiectasis in children. The established database contains valuable information for
health providers and paediatric healthcare professionals on an under-resourced cause of
respiratory morbidity in New Zealand, which extends throughout childhood and into adult years.
The database will facilitate collaborative research and act as a template for a national
bronchiectasis database for New zealand. Not since the early 1g50s has the aetiology of
bronchiectasis been documented for such a large cohort of children. Because of the referral policy
within the city' I am confident that the cases reviewed were all those known to paediatricians within
Auckland at that time- However, I am also sure that the estimated prevalence figures represent
only the tip of the iceberg as regards the real numbers within the population. This highlights the
lack of recognition of a chronic productive cough not only by the lay public but also more
importantly by primary and secondary healthcare professionals. The large numbers that have CT
diagnosis ralher than clinical diagnosis is an important strength, and all the children have
associated clinical symptoms that make over-diagnosis unlikely. However, the severity of the
disease seen makes it difficult to draw conclusions regarding relationships of CT features in
children with milder or focal non-cF bronchiectasis. This is not the fault of the study design but
merely the fact that mild disease was infrequently demonstrated, probably because it was
uncommonly diagnosed.

The main weakness of the bronchiectasis data collected is that it was retrospective. There was
poor documentation of symptoms originating from birth that would be characteristic of pcD. This
was not only a weakness of prior clinical evaluation but also a weakness of the review.
Documentation was also poor for smoking history and physical signs on examination of the
children' ln the future the database should be modified to allow information to be entered
prospectively on such questions and physical examination findings. Details about recurrent ear
infections and neonatal rhinorrhea may improve recognition of PCD and allow investigations to be
directed more appropriately.

Incorporating the New Zealand deprivation index is helpful, however ideally socio-economic
information should have been enquired about directly in both the families of the children with
bronchiectasis and the controls. The New Zealand deprivation index only focuses on postal
addresses of a meshblock of approximately 100 people and is only a crude assessment of poverty.
However, asking personal questions about socio-economic factors may have significanfly reduced
the willingness of recruits to volunteer, and reduced the sample size considerably.

The CTs in many cases were performed at a time distant from the lung function and CXR. Even if
they had been performed on the same day issues of radiation exposure would have been raised. A
future plan to score CTs obtained by using an abbreviated CT protocol will be returned to later in
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this chapter. lt would also have been optimal to ensure that both the radiologists were paediatric

and the CT scoring performed blinded to the cases'

The main weakness of the prospective work was that the sampling design and the relatively small

numbers confounded conclusions related to ethnic differences. The recruitment of the controls

from schools was haphazard, and it was not really known how many were recruited from all that

were invited. The schools were randomly selected rather than the children themselves, and thus

the controls were not representative of the Auckland population as a whole' Any differences in

demographics say litfle about the difference between children with and without bronchiectasis in

the Auckland and New zealand population. Although the control group was sufficiently powered to

make comparisons of the study tests between European and Pacific lsland children, there were few

children less than 10 years of age and a deficiency of Maori children. This was despite enlisting

the help of Maori schoolteachers, translating the study information into Maori' and re-approaching

the Kaitiaiki (Maori support services) at the hospital for advice on ways to improve recruitment from

the schools.

All this said, the numbers of exhaled and nasal No measurements and particularly cBF

assessments and ciliary ultrastructural results were relatively large in comparison with other

published paediatric work. The comparison of the exhaled NO results with other controls using

similar methodology was also good quality assurance (Narang et al', 2002)' This was also the first

prospective evaluation of No to screen for PCD within a group of subjects with non-cF

bronchiectasis. previous studies had been retrospective and from the same institution (Narang et

a:.,2002; Horvath et al., 2003; wodehouse et al., 2003). The sample size was too small to be able

to make any firm conclusions about secondary observations such as the effect of environmental

tobacco smoke and airway inflammation as assessed by No and CBF' Using a biochemical

marker such as salivary or urinary cotinine would have strengthened the study design, but this

could not be performed in the Auckland laboratories at the time the project was planned' Overall it

would have been preferabte to analyse all the statistics once with one software package' However'

the data for the studies was analysed to the best of my abilities using an easily available software

package. Further analysis was undertaken following consultation with a statistician with more

appropriate software to correct for clustering within the recruits and to reduce the likelihood of

quoting sPurious results'

The major logistical difficulties with performing ciliary structural studies meant that numbers were

too small to look for ethnic differences. Due to lack of local experience, the time needed to perform

electron microscopy studies, together with the expense of the technique' not all specimens could

be examined in this manner although this would have been optimal. Performing work on the within

subject variability of cBF and No together with the reproducibility of ciliary structural results would

have been ideal. Examination of larger numbers of ciliary cross-sections may have also improved

the ultrastructural results, but the number performed was limited by time and funding' Despite this'

the carefully planned and executed creation of the methodology for non-invasive functional
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assessment of cilia has produced a user-friendly heated stage that has very accurate temperature

control. This has not only resulted in improved equipment but a proposed protocol for the

assessment of cilia sampled from children and adults from all around New Zealand (see section

8.5).

8.3. The 'ideal' study

lf I were given the opportunity to reinvestigate the hypotheses of this thesis using the best

methodology I would propose the following study.

I would prospectively obtain the demographic data for the children with bronchiectasis including

history of neonatal upper and lower respiratory symptoms. I would assess the socio-economic

status by asking the families directly during a home visit about information included in the New

Zealand deprivation score (see Table 2.2, page 39). I would get permission to examine both

hospital and GP medical records to verify the medical and immunisation history. Nearly a third of

the children with bronchiectasis who completed the NO and CBF analysis were born outside of

New Zealand, which is not ideal to examine an indigenous disease. ldeally only those children who

were born in this country should be enrolled, however this would further limit recruitment.

In addition to the already extensive list of investigations to try and ascertain the aetiology of the

bronchiectasis (see Figure 2.2) | would include a Mantoux and HIV status in more cases in the

future. ldeally a low radiation dose abbreviated HRCT scan, CXR and lung function would be

performed on the same day or within one month of each other. At least 2 paediatric radiologists

blinded to the cases would score the radiology. I have been involved in the use of such a CT

protocol while at the Royal Brompton Hospital in London (unpublished data). However, this HRCT

protocol is extrapolated from the assessment of interstitial disease in adults. A preliminary study to

compare the CT scores assessed by using the abbreviated HRCT protocol compared with a

regular CT procedure would need to be performed. To improve consistency between the

radiologist and enable other less experienced doctors to score the CT scans, standardised CT

pictures of the grading of the CT parameters would be created after consultation and agreement

between adult and paediatric radiologists who have used the CT scoring system before. This

would also make the evaluation of future follow-up CT chest scans easier to compare with previous

assessments.

Myself working along with a Maori research nurse, and a Pacific lsland research nurse would

recruit the control population. We would visit a random selection of addresses within the Auckland

Health District and invite all children between the ages of 5-17 years to be involved in the study.

Although this is optimal it would take a considerable amount of time to recruit sufficient numbers in

each ethnic group. Only geographically and ethnically pure (New Zealand or Pacific lsland born)

subjects who consented and fulfilled the inclusion and exclusion criteria would then undertake the
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study tests. Questions related to socio-economic factors would be asked or if ethical permission

was not obtained for this, the New Zealand deprivation score would be applied to the address of

the recruit. To avoid recall bias, permission would be obtained to verify the respiratory

questionnaire by access to GP records and hospital notes. All would undergo physical examination

on the day the study tests were completed. lf low numbers of Maori children were again obtained,

consideration to approaching maraes and Kura Kaupapa Maori schools would be made earlier in

the study acknowledging that this would then not be a random selection of the population.

However, it may achieve a sample size suitable to compare ethnic groups.

The study tests would only be completed if there had been no history of an URTI in the controls, or

an exacerbation of bronchiectasis in the disease group, within the last 6-8 weeks rather than 1

month to try and reduce the chance of secondary ciliary abnormalities. Although consideration

would be given to undertaking the study tests in South Auckland (e.9. at KidzFirst Hospital) to

reduce travel time, the benefits might outweigh the logistical problems in ensuring storage space

for the equipment and transport for its clinical use back to Starship. The Quintest device would still

be used to perform the allergy tests. An additional test for both groups would be a urine specimen

for assessment of cotinine to verify environmental tobacco smoke exposure. The NO machine set

to the new ERS/ATS standards (Baraldi and de Jongste, 2002) would be used which may make it

easier to perform in the younger recruits. lf the CBF was performed on site then repeat

measurements could be taken if no cilia were seen. This would potentially reduce the number of

inadequate specimens. All adequate nasal brushings in the children with bronchiectasis and

controls would be fixed immediately for ciliary structure whether the CBF was normal or not to

increase the New Zealand library of ciliary ultrastructural results. A minimum of 50 ciliary cross-

sections would be evaluated for ciliary defects. Additional methodology for ciliary culture would

also be ideal to assist with the distinction between primary and secondary ciliary disease, and also

forthose children in whom nasal brushings are inadequate after2 attempts. Finally, being ableto

undertake genetic studies on those children found to have a primary defect would be ideal. Being

linked with centres worldwide who are evaluating the genes responsible for primary ciliary defects,

and be able to dispatch them the necessary DNA specimens for subsequent analysis would be

useful but logistically difficult because of biological specimen regulations.

An improved evaluation of the effect of inhaled steroids on NO in bronchiectasis would need to be

evaluated as a separate double blind placebo controlled longitudinal cross over trial. The work

involved in undertaking this thoroughly would still require obtaining new control NO values due to

the changes in the recommended NO settings, and would be a large study in its own right. lt would

also require assessment of the reproducibility of NO measurements, and compliance would need to

be ascertained through the use of built in counters within the inhaler devices. There is currently

research on adults with bronchiectasis who attend the Royal Brompton Hospital in London by

Shoemark et al. (2002, 2003) whose preliminary findings have been presented as abstracts at the

American Thoracic Society Conference and the British Thoracic Society Meeting. She has found in

a small sample of patients that exhaled NO levels are elevated in exacerbations of bronchiectasis
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and that following treatment with antibiotics the No levels return to normal, however inhaled or oral
steroids have no effect on NO levels. Interpreting these findings she has speculated whether the
mechanism of No elevation in bronchiectasis is different from that in asthma, and whether steroids
therapy should actually be withdrawn in patients prescribed steroids.

8'4' lmplications for children with bronchiectasis and the paediatric health care
professionals in Auckland, New Zealand

There are a number of important implications for the children with bronchiectasis and their health
care professionals.

The early recognition of disease.

The children in this research appeared to have widespread disease at presentation and have been
unrecognised and under treated despite repetitive presentations to hospital with a suggestive
clinical picture. one could surmise from this that there still may be a large number of undiagnosed
cases of bronchiectasis within Auckland. one of the important outcomes of this work for the
management of non-CF bronchiectasis in Auckland and New Zealand was the recognition of the
need to raise awareness of the condition. I intended that previous articles in a parenting magazine
(About Kids March/April 2001; issue 3, page 141, a newspaper article on the research (New
zealand Herald Monday Btn November 1999), together with two manuscripts directed at primary
and secondary paediatric health care professionals would raise the level of awareness of
bronchiectasis (Edwards et al., 2ao2; Edwards and Byrnes, 2003). Early referral of children who
have a chronic productive cough for more than 6 weeks, and recurrent chest infections may be
critical to the long{erm severity of disease and initiation of treatment. Table g.1 ouflines a list of
paediatric case histories in whom there should be a high index of suspicion for bronchiectasis. lt is
acknowledged that these are hypotheses and need to be tested prospectively.

Table 8.1. High index of suspicion for hronchiectasis in New Zealand children.
index of for bronchiectasis

Pacific lsland and Maori children, esp. if unimmunised with MMR or pertussis
Presence of digital clubbing and chest deformity
Moist or loose cough for >3 months duration
Recurrent episodes of moist or loose cough (>3 episodes/year)
History of recurrent LRTt's (esp.< 2 years of age)
Previous whooping cough
Previous adenoviral bronchiolitis
Previous pulmonary tuberculosis
Previous aspirated foreign body
Severe gastro-oesophageal refl ux
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Healthcare delivery and public healthcare issues.

The predominance of cases in South Auckland strongly indicates where geographically healthcare

should be targeted. ln a city like Auckland with poor public transport facilities, it is very difficult for

families to get to the Starship Hospital for appointments and then return in time to be available to

collect other siblings from school. A South Auckland bronchiectasis clinic would improve access to

care for these families. As with successful CF models, a multidisciplinary approach with nursing

and allied health carers (social worker, physiotherapist, dietician) would seem appropriate. But the

major difference from the children with CF is the need for a large number of different culturally

appropriate community workers who are able to bridge the language and cultural barriers. Better

information on bronchiectasis in English, Maori and Pacific lsland languages should be made

available. Ongoing support both in hospital and in the community as to the importance of chest

physiotherapy in bronchiectasis is also very important. Some improvements through work allied to

this thesis have been made by way of the family and school information leaflet and the educational

video. A bronchiectasis study day was initiated by myself along with the bronchiectasis

physiotherapist and the nurse specialist, which is planned to run once to twice a year depending on

demand targeted at community and hospital nurses and GPs. A family support group run by a

parent similar to the CF foundation would be optimal, or even a website or a newsletter 2-3 times a

year produced by the bronchiectasis nurse specialist would increase awareness and keep parents

and families in touch with treatment and research. All this however requires funding and

manpower to initiate and maintain. Targeting maraes for educational presentations along with

visiting schools should be one of the many roles of the bronchiectasis nurse specialist. Topics

should not only include education about what bronchiectasis is but also on the effects of smoking

and the importance of immunisations. More formal transitional clinics need to be organised so that

ongoing care is maintained through into adulthood. All these improvements may reduce future

pulmonary morbidity, mortality and medical costs.

The increasing unmet need.

The prevalence of bronchiectasis will continue to change with improved recognition. As the

definitions of ethnicity are refined, along with the increase in the number of people nominating the

Maori option in population data, the proportion of the ethnic groups may alter. Within the time

frame of this research there has been a dramatic increase in the number of cases of bronchiectasis

on the Auckland database from 60 at the end of 2000 to 97 at the beginning of 2003. However, the

breakdown of the ethnic groups remains similar 114 (14o/o) European, 55 (57%) Pacific lsland, 25

(26%) Maori and 3 (3%) Other; (figures provided by Dr Jacob Twiss, Paediatric Respiratory Fellow,

Starship Children's Hospitall. The most recent New Zealand census demonstrated that children

were ethnically more diverse (18% 2001 versus only 6% in 1996), and the numbers of Maori were

increasing (Statistics New Zealand, 2001). Thus, as in chapter 2 of this thesis (Table 2.4, page

43), if these figures are compared to the latest paediatric census figures for Auckland, the

prevalence figures for bronchiectasis according to ethnic group have altered (see Table 8.2).
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Table 8'2. Change in the estimated prevalence of paediatric bronchiectasis in Auckland

Ethnicity Auckland Estimated Auckland 2001 No.
cases

Estimated

European
Pacific lsland
Maori
Asian/other

149,439
50,931
56.274
35,769

n

32
16
An

in 18,680
in 1592
in 3517
in 8942

20s,302
73,398
58,623
57,516

14
TA

25

1 in14,664
1 in 1334
1in2344

1 in'19,'172

according to ethnic group.

The overall prevalence in Auckland appears to be higher (1 in 4000 versus 1 in 5000), and
although Pacific lsland children still have the highest prevalence (1 in 10g2), Maori rates have
almost doubled (1 in 3517 to 1 in 1873). lt is likely that these changes are the direct resutt of an
increased pick-up rale, due to increased awareness of the condition. whether the prevalence is
indeed increasing will only be known with time and prospective follow-up. The established
database contains valuable information for health providers and paediatric healthcare professionals
on an under-resourced cause of respiratory morbidity in New Zealand, which extends throughout
childhood into adult years. The database will facilitate collaborative research and act as a template
for a national bronchiectasis database for New Zealand. However, funding and manpower are
needed to maintain this. A prospective survey performed by my supervisor (Dr Jacob rwiss and Dr
C Byrnes) through the Paediatric Society of New Zealand Surveillance Unit will soon be completed.
This will give much needed information on the national incidence of bronchiectasis over the last 2
years' The raised awareness of the condition this survey has produced may have been the main
reason for the apparent increased number of cases of bronchiectasis diagnosed in Auckland over
the last few years.

Although a relationship was clearly found between the NZdepgo score and ethnicity, with the Maori
and Pacific lsland children with bronchiectasis living in the most deprived parts of Auckland, the
severity of the children's lung disease did not appear to be affected by whether the children,s
families were rich or poor- The significance of the lack of relationship between poverty and disease
severity is important, but due to the small numbers needs to be confirmed. lt suggests however
that other factors may be underlying the origin of the initial vulnerability or insult accounting for the
increased prevalence of the disease in this population. This does not however imply that poverty
has nothing to do with the morbidity associated with bronchiectasis in New Zealand. Three out of
10 chifdren live in poverty(Child PovertyAction Group,2003), and New Zealandhas been labelled
a 'laggard' in financial support packages for families. The chilling implications of a University of
otago study last year suggested that the health status of New zealand adults is conditioned by
socio-economic experiences in childhood (Poulton et al., 2ooz). Until warm, dry, smoke-free
housing and improved access to health care can be assured for New zealand children, it is likely
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that paediatric bronchiectasis will remain a significant challenge for paediatric health professionals

well into the 21d century.

Optimal medial management and appropriate follow-up - exercise testing and serial

imaging.

This thesis has commented little on the follow-up and management of paediatric non-CF

bronchiectasis. Since this research was undertaken a consensus recommendation produced by an

Australasian Working Group on Indigenous Paediatric Respiratory Health suggested that non-CF

bronchiectasis management should be allied to that of CF (Chang et al., 2002). Regular 3-6

monthly hospital reviews with lung function and sputum analysis, combined with oral antibiotics

directed at organisms cultured from sputum. lf cough and respiratory symptoms do not improve

after 2-6 weeks treatment, multidisciplinary assessment along with intravenous antibiotic therapy

and intensive chest physiotherapy should be undertaken. Vaccinations should include

Pneumococcus and annual influenza innoculations.

Despite these recommendations, no reference was made to follow-up radiology in terms of

recording the progression of disease, or the inclusion of exercise testing. In children with CF some

centers have moved towards a chest HRCT scan every second year (Tiddens, 2002) to quantify

structural lung changes especially in children who are not yet old enough to perform lung function.

There has only been one longitudinal study to date evaluating the use of CT in progression of non-

CF bronchiectasis and this was in adults (Sheehan et al., 2002). Physical activity is a significant

component of child play, and exercise limitation will affect a child's ability to do things and

subsequently their quality of life. Exercise tolerance in CF was shown to have a significant

relationship with survival (Nixon et al.,'1992), and as such is considered to be a good outcome

variable in intervention trials (Ramsey and Boat, 1994; Brody et al., 1999). As a result the annual

assessment of children with CF has come to include some form of exercise study (Cystic Fibrosis

Trust et al., 1996). What type of test is determined by the clinical question to be answered

(Orenstein, 1998).

Although there has been work examining the relationship between pulmonary function and CT

findings in both CF and non-CF bronchiectasis, and pulmonary function and exercise in CF, there

has been limited work on whether there is a relationship between the severity of disease as

measured by HRCT and exercise capability in either disease group. Along with colleagues at the

Royal Brompton Hospital, I undertook a study to compare the severity of lung disease as assessed

by a low dose radiation CT scan and exercise performance in children with CF and non-CF

bronchiectasis. Lung function and cardio-ventilatory measurements at rest and during incremental

exercise using cycle ergometry and a respiratory mass spectrometer were performed. There was

evidence of both limitation and adaptation of cardiopulmonary performance during exercise in CF,

and these findings were mirrored in children with non-CF bronchiectasis. There was no consistent
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correlation in either group between any of the CT parameters, lung function or any of the
cardiopulmonary measurements evaluated (Edwards et al., 2003; Narang et al., 2003a).

This limited study showing that basic cardiorespiratory parameters are compromised to an equal
extent in cF and non-cF bronchiectasis not only supports that non-cF bronchiectasis demands
more attention, but supports the use of exercise testing in the assessment of non-CF
bronchiectasis' cycle ergometry utilising mass spectrometry is not a simple, inexpensive or readily
available exercise test. Although it may be the optimal test to ascertain the exercise physiology
and haemodynamic responses that occur during exercise, it is uncertain whether the abnormalities
demonstrated in this study will be reproduced using more simple exercise methodology (Narang et
al , 2003b). Certainly such an elaborate test would not be easily available in New Zeatand. There
are no other studies to date examining cardio-ventilatory variables during exercise in children with
non-CF bronchiectasis' One study has looked at the effects of childhood bronchiectasis on cardiac
functions but this study assessed only heart rate and exercise time as outcome measures of the
exercise test, which were compared to echocardiographic data performed at rest (Akalin et al.,
2003)' The findings of this study were non-specific and non-conctusive with regards to altered
cardiac function in children with bronchiectasis. other studies (de Meer et al., 1gg5; pianosi and
Pelech, 1996; Shah et al., 1998; Moser et a1.,2000) have examined exercise performance in
children with CF bronchiectasis and have made comparisons with normal children.

This may have other important implications as exercise is increasingly recommended in cF and
non-cF bronchiectasis. lt has been shown to enhance well-being (Braggion et al., 1gg9), it serves
as an adjunct to airway clearance to preserve lung function (Lannefors and Wollmer, 1992), and to
increase bone mineral density. However, the result of formal training in these patients is unclear
and formal training may be impaired because of stroke volume limitation. lt was interesting that in
this study, weak relationships were found between lung function and cT parameters and chest
HRCT was not found to be a surrogate for exercise. Further work is needed using abbreviated
protocols in a longitudinal manner to verify how sensitive they are at detecting progression of
disease and change with interventions. Perhaps, as has been suggested in CF lung disease, the
prognostic indictor in the future will be a combined pulmonary function and structural CT score
(Robinson et al., 2002), but the gold standard may be a combined lung function, HRCT and
exercise score.

8'5' lmplications for screening for genetic ciliary abnormalities in New Zealand.

when this study was planned there was limited information on No and non-cF bronchiectasis and
also on No and its use as a screening tool for PCD. More studies have been published since this
work was undertaken (Horvath et al., 2003; Narang et al., 2002; Wodehouse et al., 2003). This
thesis has confirmed that exhaled No does not appear to be useful as a measure of inflammation
in non-CF bronchiectasis' However, utilising nasal No may help to reduce the number of cases
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that require investigation for ciliary abnormalities and so limit the costs involved by targeting

ultrastructural electron microscopy analysis. Although the sensitivity, specificity and negative

predictive values suggested by Narang et al. (2002) were high (97Yo,90Yo and 97% respectively for

nasal NO <250ppb), they were not 100%. Even when Horvath et al (2003) used low values in both

exhaled and nasal NO readings in the same patient (<2.4 ppb and <187 ppb respectively), this

identified PCD patients with a specificity of 98%, a positive predictive values of 92o/o and a negative

predictive value of 93%. lf patients have a history strongly suggestive of PCD and an exhaled NO

>2.5ppb and a nasal NO >250ppb, ciliary structural and functional analysis should still be

considered. PCD cannot be accurately diagnosed without a good clinical history combined with

examination of ciliary structure and function. Although omitting the expensive electron microscopy

assessment might only miss <5% of PCD cases, this needs to be decided only after due

consideration, given today's society of increased medical litigation.

In relation to the original work on ciliary abnormalities in New Zealand adults with non-CF

bronchiectasis (Waite et al., 1978; Waite et al., 1981; Waite et al., 1983; Wakefield and Waite,

1980), further work is needed to be undertaken in this group using NO and CBF but the

implications now are that the results they found were secondary phenomena and not primary

abnormalities. There is no doubt that PCD does occur in Polynesians, as this would explain the

finding of sperm tail abnormalities in Waite's original case reports (1978), but based on this work

the prevalence is probably no higher than other populations. Certainly this work has advantages in

that now non-invasive ciliary specimens can be obtained in the outpatient setting without the use of

anaesthesia and airway biopsies, and ciliary functional analysis together with more expert

evaluation of ciliary structure is available. lf a study was undertaken in New Zealand adults with

bronchiectasis and similar ciliary defects were obtained as Waite and Wakefield, this would give

support for the further development of the technique of culture of ciliated epithelium in vitro within

the country. However, the ability to grow cilia from nasal brushings is still a research tool even in

centres of excellence that screen large numbers of adults and children for PCD.

Although genetic abnormalities of cilia are unlikely to underlie the vulnerability of the majority of

children who have presumed idiopathic bronchiectasis in New Zealand, this work did identified 3

cases in whom PCD requires further investigation to confirm or refute the diagnosis. As quoted in

the first chapter the prevalence of PCD was estimated to be between 1 in 15,000 to 1 in 70,000,

but the number of identified cases is an order of magnitude lower (Afzelius, 1998; Meeks and Bush,

2000). Based on the last census figures however this would mean that there should be between

20-90 cases of PCD in New Zealand children, and 4-17 cases in Auckland. These estimates (with

2 Auckland paediatric cases of confirmed PCD known to the respiratory team without

bronchiectasis, plus the 3 suggested in this work) appear to be realistic figures. Even if the

prevalence of PCD in New Zealand may not be higher than other countries, but a ciliary service

should be available to New Zealand adults and children. As a consequence of the high prevalence

of upper and lower respiratory disease in the population, demand for ciliary testing is high. Figure

202



8'1 shows a proposed flow diagram for the investigation of suspected pcD in New zealand for
adults or children.

Figure 8.1- Proposed flow diagram for the investigation of suspected pcD

in New Zealand.

I
Y

Ciliogenesis
(research

development)

Repeat and
consider video-

analysis

lresearch
development)

Well no URTI
for 6-8 weeks

onfy those cases that have an appropriate clinical history for pCD (see chapte r ,l page 22-23
clinical presentation of PcD) should be investigated. An optimal time should be waited for and
the longest interval since an uRTl (6-8 weeks) is advised. With frequently relapsing disease
consideration to either oral or inpatient intravenous antibiotics for at least 2 weeks is suggested
prior to performing No measurements. Currently there are NO machines in Dunedin and
Auckland, and No measurements could be arranged in either place and if abnormal (nasal No
<250ppb and exhaled No <2.5ppb) a nasal brushing obtained. lf performed in Dunedin it could be
couriered to Auckland for analysis the same day. The poor availability of a service for ciliary
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analysis in South lsland may be another reason why PCD is under diagnosed. lf the child or adult

is unable to perform the NO manoeuvre, and there is an appropriate history for PCD (e.9. a

neonate with situs inversus), a nasal brushing should be performed. Ciliary brushings could also

be considered in rare cases with a strong clinical history of PCD but normal NO levels. All

specimens will be analysed for structure and function. Video analysis techniques are currently not

available but may be useful when the structure is normal and more subtle abnormalities of beat

pattern may be apparent.

A CBF <11 Hz or an abnormal wave pattern, along with a low NO and a strong clinical picture is

very suggestive of PCD, but the family and patient should be counselled that it will be a month to 6

weeks before a structural result will be available. In the future 3-dimensional images obtained

using confocal microscopy has the potential for being more efficient and informative. This type of

microscopy also has possibilities using antibody labels directed against ciliary proteins, which are

known to be disrupted in patients with ciliary dysfunction (Poole et al., 1997; Raman et al., 2003).

lf PCD is diagnosed, assessment of sperm should be considered and the option of being involved

in genetic testing through the Ul(European collaborative PCD genetics team at University College

London. lf secondary defects are found or specimens are inadequate after a second brushing then

consideration of proceeding to ciliary culture in vitro would be optimal. But this would require

additional funding and expertise to establish in New Zealand and is still undergoing research

development.

The cost effectiveness of such a protocol will not be considered here. Until the full demand for the

service is known it would be very difficult to estimate accurately. At this stage having surveyed the

4 electron microscopy laboratories around the country, there are approximately 60-80 structural

studies performed per year. Starship on average gets between 20-30 referrals per year for

investigation of PCD in addition to screening those children who have bronchiectasis with

apparently no known cause. An American study compared the assessment of using a nasal

brushing or cup forcep biopsy under anaesthesia as an outpatient versus inpatient procedure

respectively (Friedman et al., 2000). Although neither method made a difference in the probability

of obtaining an adequate specimen, the outpatient nasal brushing was the most cost effective.

The UK are currently undertaking applying for regional funding to establish 3 centres (The Royal

Brompton Hospital, London, Leicester Royal Infirmary and Southampton Hospital) for ciliary

assessment which would include the consultation with a paediatrician, NO assessment, nasal

brushing, CBF and wave pattern analysis by high speed video analysis and ultrastructural electron

microscopy evaluation. Ciliogenesis expertise would also be budgeted. The current lack of funds

and the crisis situation that exists for tertiary services in Auckland and throughout New Zealand

makes it very difficult to believe that a system as outlined will be adequately funded here.
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8.6. Unanswered questions and future work.

There is still much work to be undertaken in New zealand with paediatric non-CF bronchiectasis.
The bronchiectasis database will provide useful longitudinal data on disease progression, and
national figures from the paediatric society survey will better quantify the incidence of the disease
within the country. lt is likely however that the incidence and prevalence of the condition will
continue to be underestimated. continued advocacy and raising awareness of the condition will be
an ongoing crusade. Normal values for NO, CBF and ciliary structure both in the younger ages
(babies and children <5 years of age) and in adults from all ethnic groups are still needed. The
new normal lung function data established in this work, with some additional younger children may
be used for future research in New Zealand. lf the new No ERS/ATS criteria are adopted then, like
many other centres in the world, a new set of No control data will need to be obtained. The utility
of HRCT scanning and its ability to monitor disease progression can only be evaluated by
undertaking longitudinal studies. With increased awareness of bronchiectasis in New Zealand it is
hoped that HRCT scanning will identify significant disease at an earlier stage. This may allow
earlier institution of intensive physiotherapy and antibiotic treatment to potentially reduce morbidity.
since this study was undertaken the radiation doses for cr have decreased further in accordance
with guidelines (ALARA, 2002). lt is now possible to perform adequate chest CT scans that are
equivalent to less than one tenth of the background radiation exposure for one year if the dose is
adjusted for the child's weight.

Future respiratory and epidemiological research needs to be directed at understanding the
antecedent factors to pneumonia. Following a cohort of children prospectively into adulthood from
admission with pneumonia whether the organism is known or unknown (e.g. especially
adenovirus), and a cohort admitted with whooping cough may give useful information of indicators
in early life of those who subsequently go on to development chronic lung disease. Again the
normal lung function data obtained as part of this work would be invaluable for such a project.
Further work is needed in addition to the implications that exercise limitation has for children with
bronchiectasis on prognostic factors. Our adult colleagues report significant morbidity and mortality
in the second and third decades of life of New Zealand patients with bronchiectasis. collaborative
work between the general and respiratory paediatric healthcare professionals and the adult
physicians is needed to look more closely at the determinants of respiratory disease in New
Zealand and also the identification of risk factors for the development of chronic lung disease.

To date there has not been any studies determining whether bronchiectatic changes are reversible
and at what stage in the disease process they become irreversible. The heterogeneous aetiologies
of bronchiectasis and treatments given may confound trials. A prospective study to identify
whether early aggressive treatment of chronic suppurative lung disease (such as chronic
bronchitis) can prevent the development of bronchiectasis would be very powerful to justify health
resources. With increasing evidence of the potential usefulness of macrolides from animal studies
(Tagaya et al., 2002), in CF (Equi et al.,2002) and in diffuse panbronchiolitis (Tsang et at., 199g)
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an intervention trial with non-CF bronchiectasis should be just round the corner, lt may be easier to

obtain research funding along with other centres, and explore future collaborative multi centre trials

with different treatments such as hypertonic saline, nebulised antibiotics or macrolide antibiotics.

Specifically in terms of ciliary research, it has still not been confirmed that video analysis is superior

to other methods of assessment of CBF. A recent publication has documented normal ranges for

CBF using video analysis and subsequent ciliary structure for adults and children (Chilvers et al.,

2003). The mean CBF was faster in children (1Z.BHzl than adults (11.5H2), and ciliary

ultrastructural defects were found in less than 5% of cilia. The low occurrence of ciliary defects in

comparison with New Zealand controls may have been due to using 6 weeks rather than 4 weeks

as the interval since an upper respiratory tract infection before nasal brushings were undertaken. lt

may be more productive to consider development of the technique of culturing ciliated epithelium in

vitro within New Zealand, and be able to differentiate between primary and secondary defects

effectively, than to use video. Although the cost of the high-speed cameras has reduced in recent

years it is still a large financial investment. Exploration of alternative methods of ciliary imaging to

electron microscopy such as confocal microscopy with fluorescent antibodies to proteins may lead

to quicker results for ciliary structural abnormalities. To further evaluate the ciliary defects found in

children with bronchiectasis in the future it may be useful to consider evaluating a group of children

with CF who have known inflammation/infection and not PCD. This may assist with differentiation

of primary and secondary defects in New Zealand bronchiectasis. Quantitative assessment of

ciliary ultrastructure needs to be further established in New Zealand in order that comparisons with

other literature can be made.

The question still remains whether Maori and Pacific lsland children and adults have an underlying

defect of mucociliary transport that makes them more vulnerable to respiratory disease and

bronchiectasis. lt is known that vitamin A deficiency causes ciliary defects but although there is

evidence of macronutrient and iron deficiency in New Zealand children, there is no evidence to

support a causal relationship with vitamin A (Biesalski et al., 1986; Hussey and Klein, 1990;

Biesalski and Stoft, 1992; Grant et al., 1997a; Grant et al., 1997b; Grant et al., 1998; Grant, 1999,

2000; Grant and Ingram, 2000; Grant et al., 2001). There has been no research into mucus

rheology in New Zealand bronchiectasis although this may hold some of the answers to why

nontypeable Haemophilus influenzae is present so frequently.

Haemophilus influenzae is known to be the most frequently isolated bacterium in subjects with

bronchiectasis (Barker, 2002) and is often found intracellularly (St Geme, 1997, 2002). Chronic

bronchitis studies have shown that a large proportion of patients have persistent infection with

nontypeable Haemophilus influenzae (Bandi et al., 2001; Bresser et al., 2000; Murphy, 2000) and

show extensive invasion into the respiratory epithelium and subepithelial layers of the lungs (Moller

et al., 1998). lndeed there are many Auckland children under review by the respiratory team with

no CT evidence of bronchiectasis but who have frequent episodes of chronic bronchitis and are

chronically infected with nontypeable Haemophilus influenzae- Although adults frequently are
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chronically infected by Pseudomonas aeruginosa why and at what stage in the disease process
this occurs is not known. Whether it is a cause or sign of deteriorating lung function is also
unknown' Recent intriguing work by an Australian team (King et at., 2003), found that in contrast to
normal healthy people, patients with bronchiectasis and chronic nontypeable Haemophitus
influenzae infection have an immune response characterised by Th2 predominance, decreased
cD40L production, and higher levels of lgGl and lgG3- Controls had developed protective
immunity to the bacterium with the production of Th1 cytokines and CD40L. The adutts with
bronchiectasis were otherwise immunocompetent. King proposed that their response to
nontypeabfe Haemophilus influenzae was the key factor in the pathogenesis of their lung disease
and that cytokine therapy may be useful in these patients. These responses may be a result of
repeated exposure to Haemophilus influenzae or may hold important information about protective
host responses and exciting novel treatment approaches.

Finally whatever the answers to these research questions, I hope future work will mark an end to
clinicians and researchers writing about paediatric non-CF bronchiectasis as a neglected condition.
It is an important potentially lifeJimiting respiratory disease and demands more attention.
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APPENDICES

Apoendix A

Bronchiectasis family i nformation booklet.

ItBronchiectasis

&
Youtt

Informatiol for families

What causes
Bronchiectasis?

of ddferenl lhings cause bronch.lectasis.

Most bronchrectasls starts alter a very bad infection
rn the lungs (for exanple alter a severe
bronchrolills or pneumonla).

people gel bronchrectasr because therr
cannot llghr rnlectron very well. Therr

mune systems don'l work propedy. a condrlron
may have been tnlented.

Bronchrectasls can also srart if a riny object (e.g. a
peanul. or toy.l goes down the "wrong way ', gets
sluck ln lhe breathing tubes and stays there.

who have very bad rellux of acrd tronr
siomachs can gel bronchiectasrs

Some chrldren are born yvhose ttny harrs (clla) m
lhe lungs don't work properly (thrs conditron is

PCD or prrmary clhary dysklnesial

BIIT - you can,t catch
Bronchiectasis from anyone

What is Bronchiectasis?

Bronchiectasis is a lung
condition in which the

breathing tubes in the lungs
become damaged and

scarred.
mally the breatlung tubes are smooth and

wrlh trny hairs (ctha). These harrs helo to
mucus lrom the lungs,

bronchteclasls the lungs rnake lols mo!e mucus
normal. The ttny harrs lhat should clear lt stoo

properly and the mucus gets stuck In the
ubes.

is exlra mucus is a great place for getms to glow
and cause tnfeclron.

rnlectrons cause damage and scarrmg to lhe
breathmg tubes and lhe lungs themselves. The
breathrng rubes become baggy and floppy and

form ln the lungs, Once thrs scatrtng and
mage has happened. tt can not be tHed. How-

, wlth good trearment fudher darnage can be

What are the symptorns?

People wrth bronchiectasrs {eel well most of the

'marn synplom rs a cough whrch rs caused by
extra mucus or splt in the brealhtng tubes.

cough car get worse durtng exerc6e, ltrst
tn the mornlng. and during rnlecttons.

As your chest gets slck, you will cough more and
mucus ot splt can change colour from clear to

green. Someltmes it can be very smelly. you
y feel tlred when your chest gets bad.

Bronchlectasls is different from asthma
8ut some peopl€ with bronchiectasis have

asllrne as well,
Bronchieclasb is aol caused by asthna.

wrlh bronclilectasrs may also get rriore
stnus lnlections

wrth bronchiectasls can sometlmes couoh
blood. Tfus rsscary. but is not alwaysse(ous. ll

ls a large amount or iI the bleedrng conlrnues
you should see a doctor.
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How to tell when you are
sick and when to see your

doctor?

II you;

are coughrng more than normal
- have more mucus or splt wluch has

changed colour
have a temperature r lever

' are breathmE fasler than normal
' are lrred

II a person with bronchiectasis gets
suddenly more unwell, and is havinE
ditticulty rdking because they are so
short of breath. the person is very slck
and tnusi see a doctor urgently.
If iheir lips go blue call ar am.bulence.

All people wrth bronchl€clasts should have an
action plan lor yrhen they ar€ slck. ll not they

should ask for one hom therr doctor.

IIow the doctor tests for
Bronchiectasis?

Chest x-ray - A chesr x-ray may nor show the
bronchlectasls darnage very well

Ghest CT scan - chest cT scans are specral
x-rays which show lhe bronchlectasrs damage
well and are usually the way doctors tesl for
bronchrectasls- You may need a general
anaesthetlc lor lhrs d you are under 6 years o[
age.

Sputum - Mucus or sprt rs often collected and
lested for the germs thal cause lung mJeclrons.
Cfuldren wrlh bronchrectasis need ro have thE
collecled every tlme they see lhe doctor so that
lhe flght antrblot rc can be grven lo them

Blood t€sts - Blood tesls are done to try and
frnd out !vhy you have bronchteclasls.
BrOnchOSCopy - Thrs is another test to try
and flnd out why you have bronchrectasrs. The
doclor looks down lnto lhe lungs wlth a specral
telescope. They will take phoros ol the inslde of
lhe lungs and wrll show them to you when you
v.'ake up d you want.

Other tegts - Sometlmes other tests are
needed lhat wrll be explatned to you by lhe
doctor (e.g- a sweat test).

What happens when you
come to Bronchiectasis

clinic?
ou wrll be asked to come (o a hospltal chnic every
-6 months or more rf you are srck.

b very impodant that you come to your clinic
. if you have problems getting to

or cannol come please lel us lsrow.

you arnve a nurse wrll check how tall and
avy you are.

240



you are older lhan a you lvlll be asked to do a
special breathlng lest calted lung funcllon (- lhis rs

easy test that does not hutt).

,,, iI.fl,ff

lI you can, you will be asked lo splr sorne mucus
a clean pot so lt can be tested for gerrns.

you wrll see rhe doclor, who will ask you
questrorc, and look and lsten to your chest.

If you take pulfels or lnhalers, brrng lhem lo chnrc,
80 the doclor or nurlre can check how well you are

ing them, If you have physio pEp bling lhis ro
and get the physiorherapist ro check ir fol

lhe doctot, lhere are many other people
you may see m clmic - the resprralory nurse, the

physlothetaplst. the dtertclan. and the soclal
worker,

We also have mlerprelers and pactfic Island and
I support workerg WhO sometrmes iotn us to
us explam bronchlectasG. Il you would hke,

need an lnterpreter. please let us know betore
we see you in clinic.

Around the ume ol you! btrthday your chnlc vlsrt
lll be long€r than normal so that we can arrange
r you lo have a few yearly ("tune-up',) tests.

These are a chesl x-ray, some blood tests. and to
see the physlotheraprsl. Some ol you may need to
take a small machlne home whrch checks that vour
breathrng ls olay when you sleep. Thrs does not
hurt, bul does rnean that you would need to make

exlra vrstl to rhe hospltal to ptck up and to drop
the machlne when you have ltnrshed wlth rt.

Please ask to see our video
called

r'Bronchiectasis & You'

How to keep well with
Bronchiectasis?

a person has b(onchrectasE lhey have lt for
so keeplng well rs very tmportanl.

hrngs thar will help you stay well.

come to rhe hospllal cllntc apporntments

eat a healrhy balanced dret

exercErng 3-{ trmes a week for at least half an
hour (e-9. walking. trampoline. school spor0

makrng sure you have the flu vacclne each year
before th€ end of May

do your physrotherapy regularly to keep your
lungs clear

avordrng smokers and not smoklng yoursell

vlsrt the farndy doctor as soon as you are srck

will happen if you
to come into hospital?

an antibrotlc at home and regular chest
physiotherapy ls not enough to keep you well

when you are slck wrth your
bronchrectasrs you wtll need ro come lnto hosprtal.

doctors wtll see you ln the ghrldten's
Department. Atter looking and

to your chest they may do some extla
, They may do a chest x-ray and collecl some

your mucus lo see whrch germs are makrng you

lf you have to stay rn hosplral, you may need ro
have a 'drlp 'or speclal plastrc lube put lnto your

or arm to grve you stlonger antrbrotrcs. ll you
gourg to have lhese anlibloitcs lor more than a

Iew days the doctors usually arrange tor a special
drip called a "PICC lrne'' to be put lnto your arm.
You will need to have an anaesthetrc for thlg so you
are asteep and to make aure lt doe6n.t hurt.

ou wlll need to have phystotherapy much more
regularly - 3 or 4 tlmes a day and the

heraprsls wlll vrslt you on the ward to help
you lvrlh thts.
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vou mav also need to have olher t€sts
hke a bronchoscopy or a chesl CT scan or other
blood tests. The doctors will explarn lhese lests
wlth you

ol you( parents or another adull member al t

amrly are rvelcome to stay {ith you while you are
In hogpital and can sleep next to you on lhe ward

eals and parklng for your tamllies car rl needed
rn be arranged al the hosprtal I

Please ask if you need help
with anything that we have

not mentioned

What problems can
develop when I get older?
doctors and team at lhe Starshrp Hospltal wlll

a check on you regularly rn cllnlc untrl you
school oI untd around the time ol vou( l orh

thday. You wrll lhe be looked after by doctors al
adult hospllal such as Green Lane or Mld-

our bronchreclasrs may get a httle belter as you
older ol rl may jusl stay the same. Bul once
have bronchiectasis il never goes away.

We !'..rll help you to look after your bronchrectasts,
rnd teach you to take responsibility to keep your-
sell well as you get older

When lt rs trme lor you to be followed up by the
adult doctors we wrll arrange a vlsrl to Green Lane
or Mrddlemore Hospllal lo look around lhe
departmenl there, and meel the adult team ol
heallh wolkers who wlll see you ln cllnlc.

*rg$an|tgililH*{rsilrg
f; finattv, some rvords O:* f,p rnree young peopre wno I
E have Bronchiectasis: (lgg
f; ,:::lr.ia;:,rili "lri""";ll "T;ril';;r iir*" [lItf ot us eren't qjod it dons n, Cl

ff :ff 'l :*fi l"J il:"i#"'J:fi,;Tl ll,f ;.i" $
f, iii:;'i"ii'i::1':r i'Iffi x?:::::#L::iJ fi|Ig
fi ;r*# [#fiT.*ii:* ;ii:]i:t g
lit uavs sav. Ycu rc back. rrten I ccne back Sc. l[l
fi r,u"t:hcy rr.:ss nE rcc: fr
lpf I, t 

"oto 
ioo nc: berag dblc to dc ihe rhurgs t f,f

H,r";;irr';i:;Ti'si:!I:i *iilir S

siln$$$n*gil*iln|run
ff 'H"u,n,J Bronchrectass r a real paln ur the ltf

$ :ili:::'J:nt::ff:ll;il,illch 
as''''ers 

H
(f Bron"hreuass s a dsease I caught when I ms Jtf

H ;:ir i{*:}3"#';i*:*i{ T:l 
T r"'" 

" 
f,

|p| Btoucluect""rs. At frrsl I drdn't kno\e'what rt {f
IFL Eas or hovr I qot lt bur 'fihen they. told me whal 

$
t 

rr rs ard hov; i got il ms really clear. 
S

ff lf vou.l'are Brorrchrectasrs.your lde can_really (f
l.l sucl( tl you don I l$len lo lhe doclors- ll you t f

il l':"r,t*rn:,:T[,". i,:"n:Tir.:iT:'T* fi
{f would. f;|
iEl ,, uru conre to hospltal vou lrave to clo a tl,u,o {l
Itf ""il",t Physro- u's wherr rhey trp you dom oi fi
(f V.ut bed dJrd you have to he on vour track and ft
t ;L:lmlnil' $)i:lli,:.,'.".:i.",l,Ti. o.,n" s
lll pny",o.J*u rJsee y.u I rry io pretend to be i
n *.:.:t:-".]::Ti:,r rl.s.:.:r_Y: ,'"jil? il
191 

duraYs corne DacK dno you nave ro oa trj 
lr

(f tt vou lrave Erorrchrectasx rt ls best to <to your l|
tli Physlo 60 that you stay out of hosprtal So wtren fi
E 

I arn at honre. I nrake sure I do my physlo. 
Es$gs{tIgg(tttiltt*snE

(f do 
",1 ", 

!thcr lsds c.ix do

S ,o ,,rs ha!ci havlno B:cnchrcctasrs. And rt pof,ld

Itf bc qcocl J peoplc undeLstood Lo!., harc rr rs ter

{l u'

Itgtxtl}ttciln
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Itilg
|I
u
*u

nils*il*ffn*$*sptts
''What rs Bronchrectasrs ? g

Bronchiectasrs rs a lung dlsease X
rhat nor many people ger. 

t
How drd lget lt ? |p

'ff:'ltJiJjJTil:5,?t', g
I hated the lood but nolv I sorr f#

oflketr. lf,|

Is the physlo hard or easy , *
Al hrst lt was sorl ol hrr.t *

because I used ro h.u"fioirs. g
Now I use a PEp rhar; ll
very easy, once a day. trt

I use 11 at nrghr. then t mris rwo !d
days. Thal rs so easy,, 

tr
*s
*nsg
p
snflils

For more information
about Bronchiectasis

you would hke more wrrilen antormatloR about
contact the Famlly Inlormation

Slat3hip Hospltal. This service is free.
Phone-(09't 375 4349

Who to contact if you need
more help:

Phone Starship switchboard
(09) 307 8900

general queles about bronchrectasis or vou
concerned about your chrld

: Resplratory nurse
55?9 or pager 93r1030

If you are worled about a child wllh bronchiectasts
ls nol vrell and cannol get hold ofthe

nurse
: Respuatory doclor

Enn: 692I orpager93 4303

For querres about chesr physlotherapy
Conlact: Physroiherap6i

: 5560 or pager 93 6226

Il yotr would ltke assistanc€ from a soctal worker
Social Worker

6915 or peger 93 {662

you would llke help lrom the pacilrc Island
Communrty
Conlact: Pacillc lsland Famrly Support Service
Ertn: 5331

you would like help rrom the Maorr Communitv
Conlact: Kaittakr (Maorl Support SeMce)
Pager 93 614l

Il you need support wrth educalton for your chlldgontact, Northern Hospttals School. Community
Education Seruce

s20 352{

The Paedratnc Resplratory Servrce, Starshrp
Hospilal, has compiled this leallet

Seprember 2000

rRepilca0orf rsperfl trssrbie r/ dckno wledge ne nt rs
ntdde lo orlg,nal source.
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Bronchiectasis school leaf let.

whlr b Bmrhietsb?
Bmn(hi$ursis is r lung (ondit$n in
shich thc uis'ays o. hrsthitrE tuhls in 0k'
lun8s trrom Uimrged ild sficd. 'fhis

*-mitr! csnd he lixtd-
N(f,Fudly tlB hreathieg luhes @ smruth
dnd covcrq, sith liny h{irs (cilial. Thur
hain hrlp trr cL'u mucur fnrm ttr lungr
ln hronchiq'ursis thc lungs makc mrru
muuus $an nrrtmal. the brulhio} tutf,\
i*;om floppy anrl thc hairs strrp working
propurly. Thr cruu mucu.r in thc lutrt$
builds ul ud i! a grclt plrec lir hugs to
grown dnd ctus!. inl'c{li{}ro in lh{ lung-

REursot lung anl*tiotrs druse mffc
dmuSc ud $trine t(' thr hrcalhing
tuhss.

Whrt crlA€6 Broahiectrib?
Lots 0l dilluront drngs caus
hr( !!chill|irci\:
.a pevious svcrc lung Infelirrn
.immunc dcficicmiw (cetr(f, fight
inl$cti()ns vct) weut
$trstructi0n 10.9. ! lIdut g(E$ down lht'
wruog way. IrrL$ stuck iD of,'t[cllhin8
tuhus anrl ltays lhdrut

WlEt sc th. slmplom?
.tlrc child is wcll most of tfu tift
<ugh is thc roin symptom
.tht crrugh is wrru dutin! ciurcis(. l-sl
rhinB in thc fitrning. end during inlsti(N

.h(spiul shqrls havc airilio8 teilhers
md shoulrl hc able tr hclp at horu.
.krtl thcm inv0lvcd in cla$room
ilriviliu\ !'g itrciill nroju's rnd

Frdueti rns.
.lir oldur childnn hirk at wry\ ol
crohlug tlEm to cutch up ild hc llcribl(
ahrul dsssmnls
.whn ft!'y molc $ho(fu d lhcy nocd (ur
ol zolc erollnEnl il must hc supprnud
ud donc in tin'(Julyt.

Communiaraiotr rtrd Hlac-r
lssuss elating to hroruhish\ir Md tr lt
rcatcd sith strqiriviry, Somc (hildrcn.
6tr*idly Ucnugca. do n(rl sul ltrir
lricnds lr knrn thry havr hrorohiccttir.
All sr{fl n(|ci to he awsc of tlp studcnt'r
nltds.

Hlvc cL'ilcomunication sith lhc
srudcnt ild l'rmily - mrku it reSul{. so
you c awuc ot uy chargine nwds lrd
co pnrvidc wrrli in ahrcroes. lf prrssihlc

nulc it th( JatrE pBmon - s kr-I peFon.

llinim.&. ah€ differcncd

Appendix B

qh( phlcgm rr s!tr cln hc'clcu to a duk
!&tn colur. somtil|,||s il ril hc smll!.
.crnghing up hkxxl (u hupnsn fid if
rn+rc is a lugc amount of blixul tr ir
continrqs thf,'pcnor shNld sc u drrttr
.prplc with trmchicti$i\ mu! eul ur
and sin0s rntcclirms
.lxoplc wlth broncbisulJis roy aho halr
e\thru

Whst Btr be dorc?
On's a lcry)n ha\ br(whiB.lilsi\ lhcy
hlvc it f(r lilr Keping wcll is imponst
aod will pBvcrt llilhcr lun! drmgc.
Thiogr that witl help:
uating ! balsced dict
*rcruisng 34 tirus u wccli lbr rt lcul
hull an hnur (g.8. wal|ting. tramFolinc.
*"ho(tlstxrls)
nrukrng surc thdy hrvc r llu vlccirc
doing physirtthuapy rogulul' to kccn $c
lunfs clcu
.nkirg antihrtrcs and inhalcrVputlicn rs
pR{ritxd hy a d(tkr
.droiding smok€tr aid nilt smrrkin8

*rmslvrs

How to tell if a child wllh
Bromhletrsls b slck?

Thry roy:
.couBh m0r(
.havc mrc phlcgm or sptr *hich u! h€ a

diffcrcnt crllour lr)m tromdl

li you wrruld lilc morr qritun frtcridl
ahrrut hronchiehsir contaft thc [i!mil!
lnftxrotlrn Scrvices. Stuship Hrsnitol.
Thir scrricc is licc. l,hom: (0t1, l?5 ,1-1'19

S|lnhlp Hospit l Ssirchborrd
(09) 3l}7 t900

1.or gcneml enquire-s lh(ut hronchrcctaris
Cootaut: Rcspiratdy Nursc

F:xh: 5579 0r pagcr:93 J0-1{)

l:rx crprns ahrut chcst ph;rillhrmp,
Crmnct: l'hyrioltrtapist

lixtnr 6(il7 dr odgrr 93 6776

ll you m w(fricd uhrtrt u child wrth
hr{}nchicctasrs who i! not vrll
C([uct: R$pra($y Drtttr
tatn: 69: I s F{!!'.91 Jl0l

Thb le4r.t h* b<Gr f.nplLd br ahe

P@dhtt n tpirdtuf srri.r
s@hi| Hdplbt

Repli@itn b pcnirsibk il
@karw|rlgm.rr ar mudc to

ilixlMl tutrc..

Ittu! SlIl

.mvc ! temPdnlurc

.brcathd last

.if ! plaion with hronchicctasrs hccom$
sudduly unwcll. md is having rlilliculty
ulling truaus thcy uc.rhrrn ofhrcath.
thc J[son ir v$y sick and must wc a
d(Et(tr urBcnlly
.if rheir lips go bluc edl an dmhulance

School Nnd Bromhhctah
Schffl i\ an imporl{Il! pst in ttk'litc (,1 a

child with lrronchicunis, Tcachcn can
m{k!'r si$nilicanl dill&.nc. thly can hcl{r
itr thc lbllu*in8 wayil
.d(m't dis()u!8e coughing ' it 11 vilal kr
gel rid oIthc mucus - lel thcm luavc tfu
flum ttr this if lhcy wrot to.
.bc o*uc of (hcir nccd to ukc rudicili(ln.
.cncouogf hicnrJship. pe'r suppnn mu
kelin! i! t.il(h qclrcidly yhcn ttuy u
rn hspiuil - filcs. (l&s ncws. vidcrrs ctr-
tncftragu PIi wilb rualistic crts*uuons,
thcy will tcll you whut thcy cu and cu'r
do-
$in out hw llEy will mage on *-hrul
camA\ lnd IriF$,
.whcn thc child ir arly liom sbool
nrrvide strm schrxrl wrrrk lr[ thcm - rt L\

gtxxl lcr them to do somc ol whst ttr.ir
friends u€ doing, md it makc-s it casicr to
lrt brck n.
ryhdn thty e. in h(Epilal he pEpaEd kr
provitlc srtru x-hrul work. Tn* rugirrnul

ft
Starship
cHllDttN's lrtAtTH

Bronchiectasis

Informationfor
Schools

244



Aposndh G
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Appendix D

The modified Bhalla score sheet with grading system-

Name:

CT Scan date:

Hospital No:

Scorer initials:

RUL RML RLL LUL Linoula LLL Total
Presence and extent of
Bronchiectasis (qrade 0-3)
Bronchial dilatation
(qrade 0-3)
Bronchial wall thickness
(orade O-3)

Mucus within large airways
(no=0. ves=1 )

Mucus within centrilobular
bronchioles (no=O, yes=1 )
Decreased attenuation
(orade 0-4)
{telectasis
lno=0. yes=1

Sonsolidation
lno=0. ves=1)

Grading system:

Presence and extent:
Grade 0 no disease
Grade 1 localised bronchiectasis affecting one or part of one bronchopulmonary segmenl
Grade 2 bronchiectasis in more than one segment
Grade3 generalised bronchiectasis

Bronchial dilatation:
Grade 0 no bronchiectasis
Grade 1 100-2000/0 arterial diameter
Grade2 200-300% arterial diameter
Grade 3 >300o/o arterial diameter

Bronchial wall thickness:
Grade 0 none
Grade 1 <50% arterial diameter
Grade2 50-100% arterial diameter
Grade 3 >100o/o arterial diameter

Decreased attenuation:
Grade 0 none
Grade 1 1-25o/o lobarvolume
Grade 2 25 - 50o/o lobar volume
Grade 3 50 - 75Yo lobar volume
Grade 4 >75% lobar volume
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Appendix E

Letter inviting schoo/s to involved in this research.

Date

Principal Name
School address

Dr Liz Edwards
Paediatric Respiratory Fellow

Paediatric Respiratory
(09) 3078e00

pager 934303
(09) 3074913

E. mail : e.edwards@auckland.ac.nz

Dear (Principals Name),

We would like to invite (n-ame of school) to be involved in a research project to try and 1nd out why
New Zealand children suffer from more respiratory illnesses than any other developed country. Weare the respiratory team at the Starship Children's Hospital and our study entiiled "Help ReduceLung Disease in New Zealand Children" has been appioved by the Auckjand Ethics committee.Although we would like the children enrolled to be a random selection of Auckland children this
groiecJ is-particularly relevant to Maori and Pacific lsland children and we have received supportfrom the Pacific lsland Family Support Service and Kaitiaki (Maori Support Service i"t tn" Starshipfor this. We aim to begin the study early in the New year.

Enclosed is a copy of the information leaflet which outlines the project and the proposed letter forthe parents. We would be happy to present the study to the school board, anO lf they have noobjection to the school's participation we would follow this up with an Open Forum at the schoolfor the individual parents and children who fulfil the inclusion criteria and agree to take part. lf you
have a school newsletter we would be interested in advertising the study in it.

The study requires very little work from the teachers. All that we ask is that they give the pupilsthe letters and information leaflets. A stamped self addressed envelope will be iircluded. Thechildren will be enrolled only if they have no history of asthma or recent flu / cold or ongoing ear,throat or respiratory problems. The tests will involve an hour perhaps two away from school on
only one occasion.

Please contact Dr Liz Ed.war-d-s, Respiratory Research Fellow, c/o Starship Hospital (0g) 302 g900
pager 934303, via email or fax as above if you require more information. We tobl forward tohearing from you and thank you for herping us with this research.

Yours sincerely

Dr Cass Byrnes
Paediatric Respiratory Consultant
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Aopendix F

Flier and newsletter advertisements in English, Samoan, and Tongan.

English version

HELP U$ TO REDUCE LUNG DISEASE
IN NEW ZEALAIID CHILDREN

.Hippy Klwi Lungs"

Yd aE mviled to b€ firvolwd in . .earch sh,dt lo try aod nnd ord why chihEn ln Ns
Zslsnd 3uft€r lrm mE .qp&'alsy illn*s lhan any ot}ter .ldytloped mntty. We gre
resphatoty l@m 6l th€ StaEhip ChildEn s HGpilal 6rd m haya appmcH ]ou. $h@l
lo p8.f60ab f, o study qlilled 'HsD Rddr6 L ung A*w ht Ne Zaatand ChiHGn,

ChiHren will bs able to be hwlved sE Irnq ar they heq mt had a flu d eld in thc lal 4
rarals aM ars nol lallng lBbnenl lor sy caiElory dise@ eg psf€F lor sglhria.
Th6 prhdpal i6 hlppy lor lhe $hool to ba nvoNod, provlded ItEt studenE and h6it

peEnls agts. ll lou both aE@, and tulnll lhe silsris lD be hwhEd by aNEmg a qubk
q*60onnairc, @ will a€t yoil cirld to cffie to G,erlans lLlosFilal to do ldr 16lr.

1 . Perlm slin allergt l6ti on yfrr drild
2- Meaffi ore 96 thdt your chiH bresthr out tim the mulh ard lM tha mF

3 MeEss your child'E lurq funclm.
4. Measur€ your qhlH ! nel hair Focrenl by buhing thdl nrc with i tiny bNh.
lf yd ae hsppy to br i.iroh6d, gleae giw yow mms lo ydr teachB and thet wlll

6tacl re, or il yq rculd l$(e to @nt ct me dksctly. plerc phffg ths Sti6btD H6Ddsl
on 307 8900 Pags 93'1303.

Th.nk you for helpirE ur with lhis essrch.

Or Liz EdwE ds
Plrdiotdc ReeaEh Fell*

Thts GFffih has b8en epfived by tlP A@xrand EftEs ConillF.

Samoan translatian

FESOASOANI MAI lA I MATOU !A FA'AlT|lnA LE ItilAMA'l O TAtNn NIU
SILA I MAI o LE MAITA.

"la Fiafi. Maml Kawf'
("Hap!y |(hrl Lunls'f

Ua vab'&lb a e F eEi t $ su'6u'6gs 6 ilos ai pq eis s lo'rtslc.i lsrob i Mu Silr

"nffi'l 
I ma'l obman6ibhlalunu'u € lhaelr€a bdint'eino Om8torl o16

autEi0al@lae grta m f io l€ mdmt I Ir S|3Fhip. Frhmbl o Tsmiti, tn8 ur mslou
bEo'ota'i ma ld a'oge ina ia auli i ls ru'slbgg € lg'aulu-t ls 'lt Fessortira

Fa'ailn,. /€'wi o b mdnd l fmaifl Ntu Sila.' UE nn.gelo malle to lo Pulc ol€ aoga ina
la ta'E F, sH4!a. pe Btal e mtfflc lri famah eoga ro o lstoil mtua. P€ stai € od@

D8lilabl, Etetaunu'u meaeaoona fal p6{obt llhe o hsfllu tuts. ob a
t!l@ olm b! tams e w I Grenlffi Ho!9td o l8l sl ni (t€stE 5!'6s'698 so ta (4).

I O l. ! sHd pa iai d mE € 6lLi mi I b@ pa'u p€ . fd $E tul po lnu lo1 na tualail.
2. O le a fu! tr ||s o lo'o su ml I bri guh, fiE lod bu o'o f,€nava mal i fato.

3. O le a s'dm to'l ts mima o bu tam Po'o ga|!t lelei
,a. O |r| a BU dna fo'i tulutulu o hoa l8u 6 alr lea I le b?aoghs I bro'l pu|!m.

F" alSi ua I loG m 68h 6 lc !@i, taamdGmh, la'u la, iloa i b falao'ga an6 l6te
fa'slo&gtal Dai l@ o au Fb lou faalG@lei mai s'o o au i l€ SlaFhlp, 307 8900, pags

93 4303,

Fa€felai i l€ fu3oe!@ni mi i leei s'6u'!.9t.
Or LE EdE &

PedEtrl€ ReEr.fi Fa{ff
Us f'qwqia te@i Sueflregr e r! X@itie €ob E orc teiff i au*ilsri

Tongan translation

ToKoNI KI HANo FAXASIISII UAHAKIIA6 E MMmAA
I HE LoNGAI FANAU 6 r{uO stLA Nl

'uA AnAA moilulA 6 E KrYYP'

6ku feataate I te teko kao ti hc ako ld€torobi ts 'ih o rihinga a{o laii € p*! 6 e
longa'i tffiu I he ngshlm.h.ll "o o tEbngs manm, d lail halG i! i he teng. c

ngEahi fonu fatalak8lakr k€ho. Ko 6 lau ngaw kimL{olu I he Fdorohatl Sta.sbjp ki
he ngebl mahah 0 g manava po8 kw frau 6si takatetu 0takr kr hodmu 6piako keru
hau ml lt he ako. A ffos ko e 'fO(OJrr, r(E HOIORI E M4,'HA/{ilA 6 E MAAilAA 6 E
LONGA I FAMU I NU'U SILA Nr Ok! lirq tctsi A ho6mu Pub Ato ke|M kav mi,

trBkttutl.Ea dkapeu d hio i s lsau rko mo.6Eu matla ki sr, Kr |tu ka trlsaoi ll d,
p€ kat ki6ln[ @r o ngErhilehul, lsau tott lob a$ tc 6roi { ho'o t8m ld

fEFslomah.li G@14re, le taj e ilehi rlvi 6 ,1,

l. Si9l p.6k! I a hr tb{h60. m€d 6 lha k€ r.l li h6 hm.
2 FUE e Eht 0eLihiag. hd 6lumedErui Akt! hgoh.lhaigutu|rcifu,

3, Vatali e.WAw a emrrm6A.
4. Fua eb6rE6 ngaua d c ng€hi fulufulu d G halonga danavo 0 ngseatl hr Hl Dolori

skit awilo
Kep6u 6*u le lolo blcj lelc ktu. frlimlmoh d 6sogd ho hing6 kl ho6 fd6ko pos
Enau lold fofiatetu{rbkl mai kia ao. poa kapeu lcke fie tqksforuiiell hargstru rEi.

t*amohmob d l6bbo mar ki he Fal€hahaki Starlhip I h. llLrloni 307 AgO0. pags 9g
.303

Fal@rb at! ki ho6 fp kou mai ki ho taLolotolo

Dr Liz EdMtdr
To*elr frkdoM ki h nqehl di?llbki 6 e LsO.f FaFu

lbd F,t$tf/lolo ni tuo 6d ltlt 6 ,E l(oniu tfka 6 A*a|6ni
tAackland ElhB Cffinitl8l.
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Appendix G

Consent form and questionnaire.

Questionnaire

Thank you for helping us with our research

ALL INFORMATION OBTAINED IN THIS STUDY WILL BE KEPT
CONFlDENTIAL.

Child's Name lD Number_

Ghild's School lD Number

Date of Birth Age in years

Date Study Performed

Person completing the questionnaire:

Mother( ) Father( ) Guardian( ) Other( )pteasespecify.

Request for an Interpreter:

Please circle a response if you wish to be contacted to explain this study in another language.

Maori: E hiahia ana ahau kitetahitangata hei korero Maori kiahau Ae Kao

Samoan: Oute mana'o ia iaise fa'amatala upu

Tongan: 'Oku Feima'u ha fakatonulea

Cook ls.: Ka inangaro au itetaitangata uri reo Ae Kare

Niuean: Fia manako au ke fakaaoga e tagata fakahokohoko vagahau E Nakai

Please provide a phone number or contact address below if you would like an interpreter, and wewill provide one.

loe Leai

lo lkai

249



CONSENT

Parental Gonsent

I, the parent / guardian of (child's name)..,......i...-...!....r,.,.:.,... wieh them to participate irt the study
uFlelp Reduoe Lung Disease in NewZealand Children'.

Parenl I guardlan srgnature,-.. -...-.....-.....Dats......"..........

lf you would tike the childs GP to be inforrned of their participation in the study and their test
results, please write the nan e and address of the GP here:

Name-.......
Address.....

Ghild's Gonsent lootionall

l" (phild's nqme)......... ..... wish to take part in the stud}, called 'HefB Re{rqee Lung;
Disease in New ZEaland Children'. I am happy with the information about the strudywhich has
been explained to me by Dr Liz Edwards.

Ghild's s,ign€ture.,........!ii..........-........Dateit...,.,.r.......i..

Deolina Slip

l, the parent / guardi€n of (child's name)...................r:....!........ db ff+t wfsh them to par.tieipate in the
s-tudy'Help Reduce Lung Diisease in New Zealand Children'.

Farent / guardian signature.... ..".............Date

zffi



Questions

Answer the questions by ticking the box indicating the best answer.

1. ls the child male ( ) or femate ( )?

2. What is the ethnicity of this child? you
European ( )
Tongan ( )
Cook lsland ( )

Maori ( )
Niuean ( )
Tokelauan (

may tick more than one box
Samoan ( )
Tuvaluan ( )

) rijian ( )

Who are they?
How many on average per day?
Where in home?

ls there a family member who a doctor has said had any of the following :
a. Bronchitis, t,lo ( ) yes( ), if yes, which famil/member?it"'iiv;;;;;t

r' r"mirv r"r["rzJ n-^-_ -r_:d. Bronchiectasis? No ( i yes( i, if yes, which family member?
e. Cystic Fibrosis? ^ No ( ) Vesi ), if yes, which family member?
f. other chest conditions? tto i ) vesi i, if yes, which family member?

The following questions are about the chitd's chest.

1. Has this child had a 'cold', flu, or runny nose in the last month ?
No( ) yes( 

)

2. When this child does not have a cold, do they have a cough ?
No ( ) Go to question 3

lf Yes, a.) Do they cough on most days for 3 months of the year ?
Yes ) No(

) No(
a. b.) Do they cough up spit, mucus or phlegm ?

Yes

Other( ) Please specify_

3. Was this child born in New Zealand?
Yes ( ) Go to question 4 No ( ) please specify

4- ls there anyone living in the household who currenily smokes?
No ( ) Go to question b yes ( ) Number of smokers in househord?

3. Has this child had wheezing or whisiling in the chest at any time in the past ?
No ( ) Go to question 4
lf Yes, a.) ls it just with colds?

b.) Occasionally apart from colds?
c.) Most days or nights?
d ) For how long has this been present?
e ) ls it after exercising or sport?

)

)

Yes
Yes
Yes

No
No
No

)

)
)

Yes( )No( )

4. Did this child have any breathing problems in the first 3 months of life?( )Go to question S yes ( ) please specify_
5' Has this child ever been admitted to hospitalwith a chest illness or pneumonia?( ) Go to question 6 yes ( ) please specify_

No

No

6. Has a doctor ever said that he/she had a heart problem?
No ( ) Go to question 7 yes ( ) ptease specify

7. Has this child ever had any of the following illnesses, and if yes, at what age?
a. Bronchiolitis
b whoopinscough il:I i I::[ iilwH:g:;

251



e. Croup
d. Bronchftis
e. Asthma

8. Has this child had, trouble wtth
a. sinus problems?
b. recurrent ear infections?
liyes, have they had tubds inserted into their ears?

do they still diseharge?

9. Does this child have problems wtth
a. hay-fever?
b. eczema?

) Yes
) Y€s
) Yes

No
No
No

No( ) Yes(
No( ) Y.es(

) At what age?
) AtM/hatags?
) Atwhatage?

) Yes
) Yes
) Ye-s

) Yes

No
No
No
No

()
()
()
()

10. ls this child on any medidnes(induding inhalers, s)trups or tabletsp
No( ) Yes( )pleasespecify_

Thank you for cornpleting this questionnaire
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Aopendix H

ParenVTeacher information leaflet.

May 1999

Dear parents,

You are invited to be involved in a research study to try and find out why children in New Zealand
suffer from more respiratory illnesses than any other developed country. We are the respiratory
team at the Starship_Children's Hospital and we have approached the school to participate in i
study entitled "Help Reduce Lung Disease in New ZeatinO Children". The school board has
considered this study and has no objection to the school's participation if individual parents and
children agree to take part.

lf you agree to your child being involved then we will:

1 $t you and your child to come to Greenlane Hospital to do four tests.
2. Firstly, per{orm skin prick allergy tests on your child.
3. Secondarily, measure one gas that your child breaths out form the mouth and from the nose.
4. Thirdly, measure your child's lung function.
5. Finally, measure your child's nasal hair movement by using a tiny brush.

The exact details of the test (which will take 5 minutes, 20 minutes, 1O minutes and 2 minutes) are
found in the enclosed brochure.

Please complete the questionnaire and the consent if you and your child are happy to be involved.
lf you haveany questions contact the researcher direcily, Dr Lii Edwards Bespiraiory Research
Fellow c/o Starship Hospital (09) 307 8900 pager 934304 or come to the Open Forum to be
arranged in 2 weeks at your child's school.

Thank you for helping us with this research.

Yours sincerely

Dr EA Edwards

This research has been approved by the Auckland Ethics committee.
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HELP REDUCE LUNG DISEASE IN NEW ZEALAND CHILDREN

ParenUTeacher Inlormation Leaf let

What Does The Research lnvolve?

For parents/quardians:
First we will ask you to complete the questionnaire about your child's health to make sure they can
be involved in the study. Children will be able to be involved as long as they have not had a flu or
cold in the last 4 weeks and do not have any respiratory disease such as asthma. lf so, we will
then ask you to read this information leaflet, if there are any questions you are encouraged to ask
the researcher. Finally only when you are happy sign the consent form.

For the child:
The study involves four simple procedures. kin allergy tests to 4 things which children are
commonly sensitive (e.9. cat and dog hair, grasses, house dust). These will be performed on the
child's forearm when they arrive. The next two tests, nitric oxide and lung function tests, require
the child to blow in a controlled way into a tube attached to a machine. The children will need to be
coached in the correct technique.

Child performing nitric oxide test by breathing out through nose and mouth

For the last test the child will need to first blow their nose before a small wet brush is rubbed
against the inside of the nose. All the tests will be performed at Greenlane Hospital because of the
specialised machinery needed for the nitric oxide test. The trip should last no longer than one hour
in total. There will be no costs involved, and travel/petrol vouchers will be provided for any
transportation.
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Child pertorming lung function test Nose brush

The incidence of lung disease in ttew ZeatanO children is alarming. We have more children
hospitalised with lung djsease each year than in any other developed iountry. This includes many
Maori and Pacific lsland children, and there has oeeh tittte research into why tiris is the case.
' rye will perform skin tests on the children to assess the amount of allergy in the community.

Drops of 4 solutions are placed on the forearm of the child. The skin uiderlying each of the
drops is pricked. Any reactions are recorded after 15 minutes. In the meanwhile the other tests
are performed.

o We will look at the level of lung inflammation by measuring the levels of the gas nitric oxide
which we all breath out.from the lungs and through the nose. This technique hals already been
established in adults.. All that is required is for the child to breathe out into a speciat machine,
and then for the child to hold their breathe while a tapered tube attached to the machine is
placed in entrance to their nostril.

' We will next measure see how well the child's' lungs are working by performing lung function
tests, which again is done by having the child breathe out into a spJciat machine. 

-
r Finally we are going to look at the way the lung clears secretions. To do this we look at nose

brushing's under .a special microscope to ses the microscopic hairs (called ,cilia,) lining the
airway which continuously sweep secretions out of the lungs. The rate at which the hairs move
determines how fast secretions, bacteria and viruses can- be removed. lf the cilia don't work
properly the secretions, debris and bacteria tend to sit in the ainrvay causing lung infections,
cough and wheeze.

Are there anv risks?
o Nasal brushing - none - at most momentary discomfort and possibly a minor nose bleed after

the nose brushing's (approximately 1 in 200;hildren).
' Skin tests - Positive skin tests may result in a small red possibly itchy area on the forearm.o Nitric oxide and lung function tests - All equipment is sterilised prior to use and appropriate

filters are used on the breathing machines.

In the unlikely event.of a physical injury as a result of your participation in this study, you will be
covered by the accident compensation legislation with its limitations. lf you have any questions
about ACC please feel free to ask the reJearcher for more information blfore you agree to take
part in this trial.

Privacv and confidentialitv
All information obtained in !!is study will be kept confidential. This study has received ethical
approvalfrom the Auckland Ethics Committee. Data which would allow ideniification of any child in
this study will be held only by the researcher and will be securely stored.
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Who will benefit and how?
The children involved in the study will have a thorough assessment of their lung function at no cost
to themselves or their families. But most benefit will come for children in the future. lt will mean
many children with serious chest conditions will no longer require invasive tests to get cilia samples
or to monitor treatment of their lung disease. Through this we will be able to improve quality of life
and reduce lung disease in New Zealand children.

Names of oroiect soonsors and supervisors
Funded by Glaxo Wellcome, Fisher & Paykel Healthcare, Asthma Auckland, and the Lottery Health
Commission. lt will be supervised by Dr Cass Byrnes a consultant chest doctor at the Starship
HospitalAuckland, This study has being discussed with representatives of Maori and Pacific lsland
communities, Metua Fa'asisila, Filipo Motulalo, and John Marsden. Their recommendations on
specific approaches helpfulfor Maori and Pacific people will be followed.

Withdrawal from the studv
The child may withdraw from the study at any time. Please contact the researcher Dr Liz Edwards
Respiratory Research Fellow c/o Starship Hospital (09) 307 8900 pager 934303.
lf you have any queries or concerns regarding your rights as a participant in this research you may
contact the Health Advocates Trust, phone 623 5799.
1

' Information Sheet Version No. L Date 25/05/99
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Appendix J

Kids & Smoking

Your child has been seen at Starship Hospital with an illness, which can be made worse by
secondhand cigarette smoke.

Children don't have to smoke themselves to be affected by cigarette smoke.

Children are very sensitive to secondhand smoke. Secondhand smoke is a mixture of the smoke
breathed out by a smoker and the smoke given off by the burning end of a cigarette, pipe, or cigar.
Secondhand smoke contains many poisions.

Secondhand smoke is a major health risk for children

children are first exposed to secondhand smoke during pregnancy.

children who are exposed to secondhand smoke are more likely to: -

. Die from cot death.

' Suffer f rom pneumonia, bronchiolitis, bronchitis, and other lung diseases including
bronchiectasis.

r Have more ear and throat infections.

' Develop asthma. Children with asthma will have more asthma attacks, which are often severe.. Develop lung cancer, heart and lung disease as adults.o Be less fit.

What can you do if you smoke?

Try to not smoke around children.
consider asking other people who care for your children not to smoke at home.
lf you choose to smoke, smoke outside. But, even smoke in your hair and on your clothes still
affects children.
Consider cutting down, and aim to STOp SMOKING.

Remember - children are more likely to start smoking if one of their parents smokes

There are people who can help you quit and advise you on what is the best way for you.

w
Starslrrp

a

a

a

Turn over the page for details.
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Ever thought about quitting?

Looking for helP?
There are many local programs and national run services available to help you quit. Some

advice nicotine replacement treatments while others involve counsellors, hypnotherapy or
acupuncture.

Quitline - 0800 778778
They provide "quit packs", telephone advice and suppod to callers free of charge which is

available 24 hours a day 7 days a week. Maori and Samoan speaking workers are available on

request. They also have infoimation on quitting services for Maori and Pacific lsland people'

Speak to Your GP
A good place to stan, especially if you are considering nicotine ra.nlacement treatment. Some

prlctice nurses have had trainihg through the Auckland Asthma Society to run Stop Smoking

Clinics.

Quit Now - (09) 2787786
This program which is church based in Papatoetoe involves seven sessions providing information'

support ind practical guidance to help you quit smoking. lt costs $60.

lSlS Stop Smoking Program - (09) 366 7346
The lsis smoking cessation program involves five two hour sessions over a week and costs

$29S.OO. There-is also a regular clinic providing counselling and cessation advice on a Monday at

the Greenwood Medical Ceitre in Epsom. An ippointment is necessary phone (09) 410 0057 - the

initial consultation $1 5.00.

Nicobrevin Stop Smoking Glinic - 0800 800 177
A non-nicotine based treatment. Free phone advice available 7 days a week 07:30-23:00. The

course of capsules is tailored to the cost of cigarettes ($189), easy payment plans are available.

Kick Butt Stop Smoking Program - (09) 6243761
1 on 1 counselling and hypnotherapy of 2 sessions, 2 hours long costing $275. The programme

involves the use of audiotapes and videos.

Acupuncture Dr Robin Kelly - (09) 488 0323
Acupuncture can be used in combination with one of the smoking cessation programmes (eg lSlS)

to help with craving symptoms. The price varies according to the treatment used.

lnternet sites:
The Quit Net - www.quitnet.org.

Smoking Cessation - www.quitsmoking'tqn.com

CHILDREN HAVE A RIGHT TO SMOKE-FREE AI#

2 lnformation sheet compiled by the Starship Respiratory Team (September 1999)
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Appendix K

Letter inviting families of chitdren with hronchiectasrs to be involved in this research
together with the alterations to the information teaftet about this research.

Paediatric Respiratory
(0e) 3078e00

Pager 934303
(09) 3074913

E.mail: e.edwards@auckland.ac.nz
5th January 2001

Parents of (name of child)
Auckland Address

Dear parents,

Re: Name of child, DOB, Hospital number

We would like to invite Lee to be involved in a study to try and find out why New Zealand children
develop more lung cysts and scarring (bronchiectasis) than any other country. Over the last year
we have been studying children without any lung probiems from schools in Auckland. We want to
compare these children with Lee and other young people from the Starship respiratory clinic.

Some children with repeated lung infections and scaning (bronchiectasis) have poor movement of
the hairs that line all the breathing tubes. These hairs normally keep the tubes iree of viruses and
pugs by sweeping all secretions out of the lung. This may ueine reason why Lee has developed
bronchiectasis. We hope that the results of the study wiil help us monitor the treatment of Lees
bronchiectasis better and improve his quality of life.

lf you agree to Lee being involved then we will ask him to come to Greenlane Hospital once to do
four tests. The tests involve: -
1. Allergy skin prick tests on the arm.
2. Measuring one gas that we breath out from the mouth and from the nose.
3. Measuring lung function (like in clinic).
4. Measuring nose hair movement by using a tiny brush.

All the tests will be performed at Greenlane Hospital because the specialized machinery needed for
the second test is housed there. There will be no costs involved, and petrol / taxi vouchers will beprovided for transportation.

We would be grateful if you are happy for Lee to be involved please give Dr Liz Edwards a call
through Starship Hospital switchboard (09) 307 8900 pager 934303. RJ tne study is coming to an
end we would like to do the study tests before the end of January. We appreciate your support with
this project.

Yours sincerely

Dr Liz Edwards
Paediatric Research Fellow

This research has been approved by the Auckrand Ethics committee.
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