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Abstract

The purpose of this study was to determine whether airway wall remodelling
was best described by euclidean or fractal geometry, and if asthma involved
small airways and parenchyma. The study population consisted of three groups:
fatal asthma (FA), non-fatal asthma (NFA) and non-asthma control (NAC).

Airway dimensions were determined on silicone casts and a fractal dimension
(D) from digital images using a box counting method. A point counting technique
determined the proportion of smooth muscle in small airways and parenchyma
on tissue sections.

Average lengths and diameters of airways were not significantly aitered in
asthma. By contrast, FA had a significantly iower D (1.61) compared to NAC
(1.78) (p < 0.05). Morphometric studies revealed greater amounts of smooth
muscle in small airways and parenchyma of asthmatics compared with NAC.

We conclude that airway remodelling is better described in fractal than

euclidean terms and asthma involves the smallest airways and parenchyma.
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Chapter 1: Introduction

Asthma is a disease involving narrowing of the airways in response to a
wide variety of stimuli that have little or no effect on the normal lung. It is
increasing in prevalence worldwide with the majority occurring in children and
adolescents (Woolcock et.al, 1897; von Mutius, 1998). Moreover, the severity of
the disease appears to be worsened as hospitalization and morbidity have also
increased in the last decades (von Mutius et.al, 1998). These increases may be
due to a greater incidence of asthma diagnosis by the medical profession and /
or environmental factors resulting from new technology and lifestyle changes.
Risk factors for fatal asthma in the Prairie Provinces include a history of severe
or life threatening attacks requiring systemic corticosteroids, previous hospital
admissions, failure to seek medical care and complications associated with the
over reliance or under use of medications (Tough et.al, 1996). In addition, risk of
death was also asscciated with gender, season, employment and region (Tough
et.al, 1996).

One of the cardinal features of asthma is reversible airflow obstruction.
Yet increased severity or chronicity leads to an irreversible component (Brown
et.al., 1984). Abnormalities observed in both autopsy and bronchial biopsy that
may contribute to the fixed obstruction include basement membrane thickening
(Unger, 1945; Bullen, 1952; Houston et.al, 1953; Messer et.al, 1960; Roche et.al,
1989; Dunnill, 1960; Salvato, 1968; Cutz etal, 1978; Jeffery etal, 1989),

inflammation and oedema of the wall (Dunnill, 1960; Cutz et.al, 1978; Carroll



et.al, 1997), enlargement of the mucous glands (Takizawa et.al, 1971, Dunnill
et.al, 1969; Glynn et.al, 1960), smooth muscle hypertrophy and/or hyperplasia in
both large (Heard et.al, 1972; Hossain, 1973; Cutz et.ai, 1978; Carroll et.al, 1993;
James et.al, 1989; Takizawa et.al, 1971; Dunnill et.al, 1969) and small airways
(Saetta et.al, 1991, Carroll et.al, 1993) and hypertrophy of the airway mucosal
longitudinal elastic bundles (Carroll et.al, in press). These pathologic changes
are associated with thickening of the airway wall (James et.al, 1989, Carroll et.al,
1993). This has functional implications due to uncoupling of the distending
forces of parenchymal recoil from the narrowing forces on the airway (Moreno
et.al, 1986). In addition, the same or even less smooth muscle shortening results
in increased airway narrowing (Moreno et.al, 1986).

Lung casting and morphometry have previously been used to measure
changes in the airways. Our lab is in a unique position to use both of these
techniques as excellent pathologic specimens are available from the Prairie
Provinces Asthma Study (PPAS).

Measures of changes in the architecture of the airways in asthma are
important for modeling particle deposition in diseased airways. Moreover,
knowing the specific sites of disease will facilitate the development of new
inhalant devices for asthma therapy, capable of targeting diseased lung and
minimizing drug dose.

This study will begin with an introduction to lung casting and its uses,

followed by a detailed study utilizing these lung casts involving measuring



lengths, diameters and fractal dimensions in order to better understand
branching patterns of the airways. Finally, a histopathological morphometric
study of smooth muscle in asthma will be described in which the focus will be on
changes in smooth muscle in the smaller airways and lung parenchyma. There
is increasing recognition of the physiologic importance of the peripheral lung in
asthma (ATS, 1998); however there have been very few morphologic studies of
this region. Specifically the anatomy of the respiratory bronchioles, alveolar

ducts and alveolar interstitium have not been studied.













































































































































































































































































































































































