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ABSTRACT

Macklem and Mead provided the first direct evidence that the small conducting airways
< 2 mm in diameter accounted for less than 10% of the total lower airway resistance in
1967. This seminal report was followed by Hogg, Macklem, and Thurlbeck’s 1968 report
that confirmed and extended these observations by showing that the same small airways
that offer so little resistance to airflow in normal human lungs become the major site of
obstruction in patients with emphysema. These and other observations led Mead to pos-
tulate that these small conducting airways represent a “quiet” zone within the normal
lung where disease can accumulate over many years without being noticed. This brief
review revisits this hypothesis within the context of work reported in the 50 years since
Macklem and Mead published their work. With special emphasis on why these small

conducting airways are vulnerable to the development of disease. RN Rev. 20173:222-30)
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A HISTORICAL PERSPECTIVE
OF SMALL AIRWAY DISEASE

By the 1950’s it was well understood that chron-
ic bronchitis with or without emphysema was
a major cause of death in the western world,
but relatively little was understood about the
basic pathology of this disease. In 1960, Fletch-
er et al.!? initiated an observational study of
lung function, smoking habits, cough, sputum
production and episodes of acute infection in
a population of 1136 healthy working men
between 30-59 years of age, of whom 792 com-
pleted an eight-year follow-up between 1961
and 1969. These results were summarized in
an important monograph entitled “The natu-
ral history of chronic bronchitis and emphy-
sema®” in 1976 that discussed the causal links
between smoking, chronic bronchitis, and em-
physema. Up until the 1960’s, both physiolo-
gists and clinicians accepted that the small
airways were the major site of resistance in the
lower respiratory tract in normal lungs, based
on the calculations made by Rohrer (1888-
1926) early in the 20" century. This opinion
began to change with the appearance of Wei-
bel’s* classic monograph on the morphometry
of the human lung, that showed that the total
cross-sectional area of the airways increases
exponentially as the gas exchanging surface
is approached. This enabled Green® to repeat
Rohrer’s calculations using Weibel’s new data,
to show that the small airways actually offer
very little resistance to airflow. Shortly there-
after, Macklem and Mead® provided the first
direct experimental evidence showing that the
small conducting airways offered very little
resistance to airflow using a novel method that
allowed them to partition the airway resis-
tance located central and peripheral to the tip
of a catheter placed in the 2 mm in diameter

airways. This seminal report showed that in-
stead of accounting for the bulk of the lower
airways resistance as Roher had calculated, air-
ways < 2 mm in diameter actually accounted
for < 10% of the total resistance to flow below
the larynx®. This report was followed by a
second report by Hogg, Macklem, and Thurl-
beck” in 1968 that showed the same airways
that offered so little resistance to airflow in
normal lungs became the major site of ob-
struction to airflow in post-mortem lungs from
patients with emphysema’. In addition, the
1968 report also provided preliminary data on
the nature of the disease in the small airways
by using a combination of post-mortem bron-
chograms to show that, the lumens of smaller
bronchi and bronchioles were narrowed and
histology that showed these airways were af-
fected by a mixture of chronic inflammation
and fibrosis in the airway wall tissue and
extensive plugging of the airway lumens by
mucus containing inflammatory exudates’. In
addition, these authors introduced the term
“small airways disease” to describe these
changes because they included both smaller
bronchi defined by the presence of cartilage
in their walls and bronchioles that have no
cartilage in their walls. These and other data
prompted Mead® to write an influential edi-
torial in 1970 that referred to the small air-
ways < 2 mm in diameter as a “quiet” zone
within normal adult lungs where disease can
accumulate over many years without being
noticed by either the persons affected or the
physicians responsible for their care. This re-
sulted in a rapid expansion of literature on
the structure and function of the small air-
ways that is reviewed in detail elsewhere’,
the purpose of this review is to focus on the
factors that make the small airways vulnera-
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Ficure 1. A) Bronchogram of a left lung to demonstrate the different pathway lengths to the periphery of the lung. B) The distribution of
airways of a given size in each generation of branching to demonstrate that each generation contains airways of several different sizes
(reproduced with permission from Weibel ER et al*). C) The frequency of divisions from the trachea down to the lobular branches -
(reproduced with permission from Horsfield K et al.*). D) Shows that the total lumen cross sectional area of all the branches decreases
between generation 0-3 and then increases exponentially toward the periphery of the lung.

SOME BASIC FACTS ABOUT LUNG varies depending on the pathway taken, and -
ANATOMY figure 1B provides data from Weibel’s classic|
monograph on the morphometry of the hu-
The bronchogram of a normal left lung man lung*. That shows the total cross section-
(Fig. 1A), shows that the pathways lengths al area of all the airways at each generation
from the trachea to the gas exchanging surface of branching increases exponentially beyond
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Ficure 2. A) Bronchogram of the distal human lung to demonstrate Reid’s original observation that in an individual pathway the airways
branch points are initially centimetres apart, become closer to each other near the periphery of the lung and end in clusters of branches
(white rectangles) that are only millimetres apart. B) An image of one of these clusters taken through the pleural surface to show that it
represents a secondary lobule first described by Miller as a group of pre-terminal bronchioles surrounded by fibrous connective tissue
septa (black arrow) and a terminal bronchiole (white arrowhead) that opens into a tuft shaped respiratory bronchiole. C) A micro
computed tomography (CT) image at much higher magnification clearly demonstrates the junction between the terminal bronchiole and
two first order respiratory bronchioles (also termed transitional bronchioles) where the alveoli opening from them are visible (reproduced

with permission from Hogg JC et al").

the 4" generation due to: 1) the rapid increase
in their total number in the semi dichoto-
mous branching airway tree; and, 2) the total
cross sectional area of the two daughter
branches is greater than the parent branch at
each branching generation. Moreover, fig-
ure 1C provides quantitative information on
the lengths of the pathways from the trachea
to the lobular airways reported by Horsfield

and Cumming!® showing they are normally
distributed within the human lung. Lastly,
tigure 1D shows a replot of Weibel’s data re-
ported by McDonough et al!! that confirms
that each generation of airway branching con-

© Permanyer Publications 2017

No part of this publication may be reproduced or photocopying without the prior written permission of the publisher

tains airways of several different sizes. In

addition, figure 2A illustrates the airway
branching pattern that Reid'? used to separate
the bronchi where the branches are roughly
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centimetres apart, from the clusters of (mm)
branches that roughly identify the secondary
lung lobules (originally described by Millar'?)
that are surrounded by a connective tissue
septae (Fig. 2B). Each lobule contains multiple
terminal bronchioles identified in a magni-
tied view of the mm cluster (Fig. 2B) and ob-
served in greater detail in a micro-computed
tomography (microCT) image (Fig. 2C) previ-
ously reported by McDonough et alll. The
microCT image clearly shows a terminal bron-
chiole dividing into two transitional bronchi-
oles (i.e., first order respiratory bronchioles)
where alveoli first appear.

Under normal resting conditions, the con-
sumption of oxygen (O,) and production of
carbon dioxide (CO,) by all of the bodies
cells is balanced by breathing 500 ml tidal
volume of atmospheric gas into and out of
the lungs at a rate of 10-15 times per min-
ute. Where each 500 ml tidal volume gas is
moved into the lungs by bulk flow along a
pressure gradient, generated by the active
contraction of the respiratory muscles, that
expand the thorax to lower alveolar pres-
sure to bring gas into the lungs. In contrast,
the bulk flow of gas out of the lungs is a
passive process that moves gas by bulk flow
out of the lungs along a pressure gradient
created by release of the elastic force gener-
ated and stored in the lung and chest wall
as they were stretched during inspiration.
In addition, the gas in each tidal volume
also moves by diffusion along concentration
gradients that fully mix each 500 ml in each
tidal volume with the 3,000 ml of residual
gas that remains in the lungs at the end of
expiration. Moreover, this process of diffu-
sion along a concentration gradient is solely
responsible for gas transport into and out of

the pulmonary capillary blood across the
very thin alveolar capillary membrane that
separates the gas from the blood flowing
through the lungs.

THE NATURE OF ATMOSPHERIC
PARTICULATE MATTER (PM)

Particulate matter that is 10 um or less in
diameter (PM,,) comes from a wide variety of
sources, that include tree pollens, road dust,
the burning of biomass fuel for cooking and
heating, the harvesting and cleaning of grain,
and a wide variety of other agricultural and
industrial processes. In contrast, particulate
matter 2.5 um or less in diameter (PM, ,) are
primarily generated from the exhaust of in-
ternal combustion engines, industrial pro-
cesses that use a combination of heating and
melting (i.e., smelting) to extract base metals
from their ores and the natural burning of
biomass fuels in forest fires. Although the
particulate matter of all sizes enters the atmo-
sphere, the time the particles remain suspend-
ed varies widely depending on their volume,
mass, size, and shape. For example, particles
with a diameter between 10 and 2.5 um re-
main suspended for relatively short periods
(minutes to hours) and travel relatively short
distances, whereas PM, . and smaller can re-
main suspended in the air for days, weeks
and even months and travel hundreds to
thousands of miles. Although this type of
atmospheric contamination is a well-estab-
lished risk factor for pulmonary and cardio-
vascular disease, this risk is relatively small
in comparison to the risk associated with
smoking tobacco. Where the high concen-
trations of toxic particles and gases present
in each puff of tobacco smoke, are inhaled
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deeply into the lungs, to provide a repeti-
tive source of tissue injury delivered from
20-30 cigarettes/day over periods that com-
monly last for 20-30 years. Thus, tobacco
smoke has become a well-established risk fac-
tor for the development of lung cancer, chron-
ic obstructive pulmonary disease (COPD), id-
iopathic pulmonary fibrosis (IPF) and other
chronic lung diseases. Which is not surpris-
ing considering that tobacco smoke is known
to contain as many as 4,700 different toxic
substances', ranging from milligram quanti-
ties of carbon oxides, nitrogen oxides, nicotine
to picogram quantities of amides, free radi-
cals, and heavy metals, volatile ketones, and
nitriles.

THE DEPOSITION OF PARTICULATE
MATTER WITHIN THE LUNGS

The exponential increase in total lumen cross
sectional area of the airways in each genera-
tion of airway branching (Fig. 1), combined
with the principle of the conservation of mass
(i.e., bulk) flow, means that for whatever vol-
ume of gas moves through the larynx into the
trachea over a given period of time, a similar
volume of gas must move through all of the
other generations of airway branches®. There-
fore, the velocity of gas moving through the
airways by bulk flow will progressively slow
at each branching generation and stop after
the volume of gas in the tidal breath has been
accommodated in the residual lung volume.
Which means that larger particles that develop
the greatest momentum (mass x velocity) will
leave the flowing stream of gas and deposit by
impaction in the nose, nasopharynx and lar-
ynx and the first few generations of tracheo-
bronchial branching where the gas velocities

remain high. In contrast, the intermediate-
sized particles that develop less momentum
will deposit by impaction at branch points
where the flow of gas changes direction and
the finest particles that develop the least mo-
mentum will deposit in the regions of the
lungs where the movement of gas shifts from
bulk flow to diffusion. Based on Einstein’s
investigations on the theory of the Brownian
movement'®', that showed particles suspend-
ed in a gas diffuse much slower than the gas-
es they are suspended in, we postulate that
the terminal (the last generation of conduct-
ing airways) and transitional (the first gener-
ation of respiratory) bronchioles are particu-
larly vulnerable to deposition of the finest
particulate matter because they are located in
the region of the lungs that accommodate the
transition from bulk flow to diffusion.

THE HOST RESPONSE TO INHALED
PARTICULATE MATTER

Although the hypothesis that particulate con-
tamination of the atmosphere is harmful to
human health is widely accepted, the pre-
cise mechanism(s) involved in translating the
deposition of atmospheric particulates onto
the lung surfaces and the development of dis-
ease in the respiratory and cardiovascular, as
well as other body systems are poorly under-
stood. The relationship between episodes of
particulate air pollution and human health
were initially established by identifying a
relationship between episodes of atmospher-
ic pollution and the increased appearance of
patients with symptoms of disease in hospi-
tal emergency rooms. In addition, animal
studies have shown phagocytosis of particu-
lates deposited on the lung surface stimulates
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Shows the changes in atmospheric particulate air pollution during the 41st Japanese expedition to the south pole. A) Shows the levels of
(particle matters [PM] 0.3-0.2), (PM 2.0-5.0) and PM5.0 during the entire journey from Japan to Antarctica and return. B) Shows the total
leucocyte count. C) Segmented polymorphonuclear leucocyte (PMN) count, D) Band-form PMN count that indicates the early release

of PMN of the marrow, and E) shows the monocyte counts, over the same time periods that the air pollution was measured.

Although there were differences in leucocytes counts between smokers (red squares) and non smokers (purpletriangles) these
differences (blue circles represent the difference between the two groups on which the differences over time were analyzed) tended

to disappear in Antarctica where the levels of air pollution were very low (reproduced with permission from Sakai M et al."d).

PM: particle matters; PMN: polymorphonuclear leucocytes.)

the bone marrow to increase the levels of cir-
culating leucocytes!® as part of a systemic re-
sponse of the host. This research led to field
studies that included the participants of the
41st Japanese Antarctic Research Expedition
(JARE41). During the 12 month voyage from
Japan to the Antarctic and back, the ship
was equipped to measure PM continuously
and the Physician on board was equipped
to measure lung function with spirometry
and collect regular blood samples from all

39 participants. In a study reported by Sakai
et al.%, it was shown (Fig. 3A) that the con-
centration of PM, . fell from approximately
100,000/1itre in Japan to just 1000/litre in Ant-
arctica, remained at this level for the entire
12 months the group stayed in Antarctica,
and returned to the control level during the
return journey to Japan. Further, these data
also show that this reduction in atmospheric
pollution was associated with a modest re-
duction in total circulating white blood cell
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(WBC) counts (Fig. 3B), and more prominent-
ly, reductions in circulating polymorphonu-
clear leucocytes (PMN) (Fig. 3C), their band
cell precursors (Fig. 3D) and that the circulat-
ing monocyte counts (Fig. 3E), followed a sim-
ilar course. Further, the return to Japan was
associated with a return to the levels of the
levels atmospheric PM present on their de-
parture was associated with a similar return
of the circulating leucocyte levels similar to
those observed on their departure from Japan
to Antarctica the previous year. In addition,
even though the smokers who continued to
smoke during the entire voyage maintained
the higher levels of circulating leucocytes ex-
pected in smokers compared to non-smokers,
both smokers and non-smokers responded to
the reduction in the concentration of atmo-
spheric particulates by reducing their levels
of circulating PMN, band cells and mono-
cytes in the circulating blood.

In contrast to the effects of lowering atmo-
spheric PM by relocating to Antarctica, the
widespread forest fires in the Indonesian is-
lands of Southern Kalimantan, Sumatra, and
Java in 1997 provided Tan et al.® with the op-
portunity to study the effects of an acute ep-
isode of atmospheric pollution. When the
smoke from these fires enveloped Singapore
with biomass-generated smoke containing high
levels of gases (nitrogen dioxide [NO,], ozone
[O,], and sulphur dioxide [SO,]) and ultrafine
particles capable of passing through the fil-
ters of air-conditioned buildings and pene-
trating deep into the lungs (Fig. 4A), Tan et
al. related publicly available data on atmo-
spheric pollution to measurements of pulmo-
nary function and circulating blood leuco-
cytes counts in a group of 30 healthy young
male volunteers (aged 19-24 years), who were

participating in military training exercises
as part of their National Service to Singa-
pore'®®. In the study they showed that this
very brief episode of atmospheric pollution
was associated with steadily increasing levels
of circulating PMN leucocytes and band cell
precursors (Fig. 4B) in the blood, until the haze
reached its height, but these cells returned to
normal control values as the haze cleared.

THE LOCAL TISSUE RESPONSE
IN LUNGS AFFECTED BY COPD

Reports from several laboratories have shown
that in comparison tissue from control sub-
jects with normal lung function, the large
and small conducting airways as well as the
gas exchanging tissues from persons with
mild (GOLD-1) and moderate (GOLD-2) COPD,
in the 4-stage GOLD classification of COPD
severity, are infiltrated with PMN, macro-
phages, CD4, CD8 and B cell lymphocytes.
Further, one study that was able to compare
lung tissue from patients at all four stages of
the GOLD classification of COPD* showed
that, in addition to the lymphocyte dominant
immune inflammatory infiltration observed
in GOLD-1 and GOLD-2, severe GOLD-3 and
very severe GOLD-4 COPD was associat-
ed with an abrupt increase in tertiary lym-
phoid organ formation®'. Although, once con-
sidered a pathologic curiosity?, this pattern
of histopathology is now recognized by the
term “lymphoid neo-genesis with tertiary
lymphoid organ formation” and has been im-
plicated in the pathogenesis of a very wide
range chronic inflammatory and autoimmune
disease. That includes rheumatoid arthri-
tis?}, Hashimoto’s thyroiditis®*, Sjogren’s syn-
drome®, chronic Lyme disease? and many
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Ficure 4. A) Shows a box and whisker plot of the levels of particulate matter 10 um or less in diameter (PM, ;) air pollution in Singapore from
January1996 to January 1997. To illustrate the sharp but still modest increase in air pollution that occurred between August and November
due the Southeast Asian haze of 1997. B) Shows data from a group of military recruits that were undergoing basic training during the
entire period of the haze where the data shows a clear association between circulating polymorphonuclear leucocytes (PMN) band cell
forms and the level of particulate air pollution as the haze cleared. C) Shows a photomicrograph of the human bone marrow to illustrate
the clear difference between band cell PMNs (black arrows) and mature PMNs (reproduced with permission from Tan WC et al.%0).

PM: particle matter; PM,: particulate matter 10 um or less in diameter.

others diseases?. Although difficult to find
in lung tissue from non-smokers, about 5%
of the airways examined in smokers with
normal lung function contain tertiary lym-
phoid organs with no further increase ob-
served in either mild (GOLD-1) or moderate
(GOLD-2) COPD patients?.. In sharp contrast,

the number of airways containing tertiary .

lymphoid organs profiles increased sharply
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to 25-30% in severe and very severe COPD?!.|

Further independent studies of tertiary lym-
phoid organs located in alveolar tissue in
COPD?*?, have also shown that these lym-
phoid follicles contain both memory and
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naive B cells, T cells, plasmacytoid and fol-
licular dendritic cells, that are required for
T cell and B cell priming and clonal expan-
sion in these tertiary lymphoid organs?.
Moreover, the presence of these tertiary lym-
phoid organs provides definitive support
for the presence of an adaptive immune re-
sponse in the later stages of COPD. Further-
more, the observations that the B cell activat-
ing factor (BAFF), and lymphotoxin (TNF-LT)
that are both members of the tumour necro-
sis factor (TNF) super family are upregulated
in COPD implicated their role in regulating
the development and maintenance of lym-
phoid follicles in COPD*®. Further, as many
of the B cell follicles within the tertiary lym-
phoid organs observed in COPD show evi-
dence in keeping with the clonal expansion
of the B cell populations with ongoing somat-
ic hypermutation?. These findings strongly
support the hypothesis that B cells in tertia-
ry lymphoid organs are responding to anti-
gens in COPD. Even though they provide no
information about the antigens that are driv-
ing this response®.

REMODELLING AND DESTRUCTION
OF THE SMALL CONDUCTING
AIRWAYS IN COPD

The tissue remodelling and repair process
that follows a single acute injury requires the
activation of the coagulation system to control
blood loss and seal the surface at the site
of injury. This is followed by the activation of
the acute inflammatory process to initiate the
migration of the inflammatory immune cells
into the site of injury to conduct the demolition
process that precedes the onset of the tissue
repair process and protects the site against

infection, while the repair process attempts
to restore the damaged tissue towards nor-
mal. By activating local fibroblasts, and en-
couraging the migration of both nearby my-
ofibroblasts and circulating myocytes into
the damaged tissue to form a complex net-
work of fibres that contracts to reduce the
volume of damaged tissue to make it easier
for both epithelial and/or the mesothelial cells
to migrate over the surface and restore its
function as a protective barrier. In contrast,
the repair of lung tissue that is repetitively
damaged by the inhalation of the toxic parti-
cles and gases is infinitely more complex and
prone to develop abnormal features that lead
to several different pathological phenotypes
of COPD.

Although several groups have reported asso-
ciations between infiltration of the bronchio-
lar and alveolar tissue inflammatory immune
cells and a decline in lung function?-3%.

McDonough et al!!, were the first to success-
fully use microCT to show the terminal bron-
chioles are massively destroyed prior to the
onset of emphysematous destruction in hu-
man lung tissue'’. Further, Koo et al.* from
the same group, have recently shown that as
many as 42% of the terminal bronchioles are
already destroyed in lungs from patients with
mild (GOLD-1) and moderate (GOLD-2) COPD
severity who required resection of a either a
lung or lobe as treatment for lung cancer, who
had their lung function measured shortly be-
fore their surgery. Moreover, Suzuki et al.#!
have also reported that this destruction of the
terminal bronchioles is associated with an in-
crease in collagen 1 and decrease in collagen 3,
consistent with scar formation, in regions of
these very diseased lungs beforeemphysema
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formed. Further, this same group** has re-
cently shown that this early destruction of
bronchiolar and alveolar tissue is associated
with macrophage, CD4, CD8 and B cell lym-
phocyte infiltration with formation tertiary
lymphoid organs*’. And that genes associated
with these infiltrating cells are enriched in
the previously reported 127 gene expression
signature associated with emphysematous
destruction. Further, the within lung analysis
recently reported by Suzuki et al.*! is consis-
tent with a previously reported between lung
analysis that first identified tertiary lymphoid
organ formation in severe(GOLD-3) and very
severe (GOLD-4) COPD.

In addition to the changes in the inflamma-
tory immune response over the full range of
COPD severity?, it has also been shown that
there is extensive plugging of the airway lu-
mens by inflammatory exudates that will not
be further discussed, and fibrotic remodel-
ling of the airway tissue?'. Moreover, because
this fibrotic process is extremely important
to the pathology of COPD, the remainder of the
space available will be used to discuss the fi-
broblasts that are a major group of interstitial
cells within the lungs are an important source
of growth factors, extracellular proteins, cy-
tokines and enzymes, such as the metallo-
proteinases that are capable of remodelling
interstitial, airway and alveolar tissue within
the lungs®. Studies that have exposed hu-
man lung fibroblasts to cigarette smoke ex-
tract (CSE) have shown this leads to the in-
duction of markers of oxidative stress and
inflammation. Further, cigarette smoke has
also been shown to adversely affect the abil-
ity of fibroblasts to proliferate and synthesize
fibronectin and contract collagen-I*>-%, all of
which are important to normal tissue repair.

Campbell et al*® were the first to link mi-
croCT measurements of emphysematous de-
struction to a 127-gene expression signature.
In addition, Campbell et al.*® also found that
the 127 genes associated with emphysema-
tous destruction that were down regulated
were associated with wound repair includ-
ing integrin signalling, cytoskeletal contrac-
tion, extracellular matrix (ECM) production,
vascular endothelial growth factor (VEGEF)
and transforming growth factor (TGF) and
(TGF)-p signalling. That these gene expression
changes may have functional consequences
in that fibroblasts from ex-smokers with se-
vere COPD showed the deficient formation of
focal adhesions and reduced ability to con-
tract collagen-I gels compared to fibroblasts
from former smokers without COPD*. More-
over, these findings have been replicated by
other groups®®. Fibrillar collagens, such as
collagen I form, nanoscale ropes that are es-
sential for providing tensile strength within
the tissue, also act as a scaffold for elastic
fibres as well as fibronectin, decorin, and as-
sociated proteins in the ECM. If defective
radial collagen fibres are laid down within
the small airways or parenchyma during re-
pair, as these data suggest, a disruption of
the mechanism by which the small airways
are radially tethered by the alveolar walls
would result. Further the observation that
terminal bronchiolar destruction is well ad-
vanced in non-emphysematous regions of
the lungs with very severe COPD!, and is
already extensive in lungs from patients with
mild to moderate COPD*’ and end-stage COPD
patients!!, is consistent with Mitzner’s* hy-
pothesis that the destruction of the axial fi-
bres that link large and small airways might
contribute to small airway obstruction by
shortening the small airways and decreasing
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the size of their lumens. Moreover, the abili-
ty of fibroblasts to arrange collagen into fi-
bres disserves further investigation because
it might have a significant effect on both ra-
dial and axial tethering.

CONCLUSIONS

This review is focused on the small conduct-
ing airways of the lung and why they are
particularly vulnerable to the effects of in-
haled particulates and gases that are suspend-
ed in tobacco smoke or pollution. Although
much remains to be learned, we are encour-
aged by the rapid increase in new knowledge
about the basic mechanisms involved in the
pathogenesis of small airways disease that we
propose precedes the onset of emphysema-
tous destruction in COPD. Moreover we pos-
tulate that continued improvement in our
understanding of the pathogenesis of small
airways disease has the potential to assist in
the development of new therapeutic strategies
to prevent, arrest or reverse the debilitating
effects of COPD.
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