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KEY POINTS

e COPD is characterized by heterogeneous physiologic abnormalities that are not adequately repre-

sented by simple spirometry.

e Extensive peripheral airway dysfunction is often present in smokers with mild spirometric abnor-
malities and may have negative clinical consequences.

e Activity-related dyspnea and exercise intolerance in patients with mild airway obstruction are linked
to increased ventilatory inefficiency and dynamic gas trapping during exercise.

e Progressive increases in dyspnea and activity restriction are explained, in many instances, by the
consequences of progressive erosion of resting inspiratory capacity.

e Although restrictive mechanics and increasing neuromechanical uncoupling of the respiratory sys-
tem contribute to exercise intolerance across the spectrum of COPD severity, coexistent cardiocir-

culatory impairment is also potentially important.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is
characterized by inflammatory injury to the intra-
thoracic airways, lung parenchyma, and pulmo-
nary vasculature in highly variable combinations.
It follows that the measured physiologic abnormal-
ities are equally heterogeneous and these, in turn,
likely underscore the common clinical manifesta-
tions of this complex disease. Expiratory flow lim-
itation (EFL) is a defining physiologic characteristic
of COPD and represents the final expression of
diverse derangements of respiratory mechanics.
Spirometric measurement of reduced maximal
expiratory flow rate is required for diagnosis of

COPD and can be used to follow the course of
the disease. However, such measurements as
forced expiratory volume in 1 second (FEV,) are
not useful in predicting the cardinal symptoms of
the disease, dyspnea and exercise intolerance.
This article reviews the respiratory mechanical
and cardiocirculatory abnormalities across the
spectrum of mild to severe COPD, at rest and dur-
ing the stress of exercise.

MILD COPD
Clinical Relevance

It is well established that those with mild-to-
moderate disease severity represent most patients
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with COPD, yet this subpopulation is under-
studied.”? For the purpose of this review, mild
COPD refers to spirometrically defined mild airway
obstruction (ie, FEV4 80%-100 % predicted), which
need not be synonymous with early COPD. There is
evidence from several population studies that,
compared with nonsmoking healthy populations,
smokers with mild COPD show increased mortality
(including cardiovascular mortality),®* increased
hospitalizations, decreased health-related quality
of life,> "% increased activity-related dyspnea, and
reduced daily physical activity levels."’'> The
underlying pathophysiologic linkages between
mild COPD, dyspnea, and activity restriction have
only recently become the subject of systematic
study.'6-18

Resting Physiologic Abnormalities in Mild
COPD

A recent cross-sectional study of patients with
COPD attests to the vast physiologic heterogeneity
that exists even in those with mild airflow obstruc-
tion (Fig. 1).'° Thus, in patients with a largely pre-
served FEV, there is wide variability in airways
resistance (and conductance); pulmonary gas
trapping; resting lung hyperinflation; and the
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integrity of the alveolar-capillary gas exchanging
interface. Quantitative computed tomography
(CT) scans also confirm a broad range of structural
abnormalities in mild COPD, which include emphy-
sema, pulmonary gas trapping, airway wall thick-
ening, and even vascular abnormalities.?%-22

Small airways dysfunction
The small airways are believed to be the initial
locus of inflammation in COPD, and refer to the
membranous (<2 mm diameter) and respiratory
bronchioles.?® Previous studies have shown evi-
dence of active inflammation and obliteration of
peripheral airways in mild COPD.?*-25 McDonough
and colleagues?® have proposed that such loss of
small airways precedes the development of centri-
lobular emphysema. Mucus hypersecretion as a
result of chronic bronchitis can also result in exten-
sive peripheral airway dysfunction.?#2°

Hogg and colleagues®* were the first to report
that peripheral airway resistance, measured by
retrograde catheters, was increased by up to
four-fold in the excised lungs of smokers with
mild emphysema compared with those of healthy
control subjects. This increase occurred despite
normal values of total airways resistance. With
the progression of emphysema, the increasing
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Fig. 1. Relationships between specific airway resistance (sRaw), residual volume (RV), functional residual capacity
(FRC), and diffusing capacity of the lung (DLco) are shown against FEV, (all measurements expressed as % of
predicted normal values). sRaw, RV, and FRC increased exponentially as FEV, decreased, and DL¢o decreased lin-
early as FEV; decreased. GOLD, Global Initiative on Obstructive Lung Disease. (Modified from Deesomchok A,
Webb KA, Forkert L, et al. Lung hyperinflation and its reversibility in patients with airway obstruction of varying

severity. COPD 2010;7(6):431; with permission.)
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